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1. SECTION 1 

INTRODUCTION 

1.1 Purpose 

This  plan  governs  the  operation of the  Command Module  Guidance,  Naviga- 
tion  and  Control  System  and  defines  its  functional  interface  with  the  spacecraft, 
flight  crew,  and  ground  support  systems on  Apollo  Mission  AS-278. 

1. 2 Authority 

This  plan  constitutes  a  control  document  to  govern  the  implementation  of: 
1. Digital  Uplink  and  Downlink 

(Ref Sect, 2 - Data  Links) 

2.  Digital  Autopilots 
(Ref  Sect. 3 - Digital  Autopilots) 

3 .  Structure of CMC mission  programs,  including GNCS interfaces with 
the  flight  crew and MCC. 

(Ref  Sect. 4 - GNCS Operations) 

4. Guidance  and  Navigation  Equations 
(Ref  Sect. 5 - CMC Guidance  Equations) 

To  support  these  functions  a  Control Data  volume (Vol. 111) is provided  to 
define  the  spacecraft,  mission,  and  other  data  being  used  to  design  and  verify  the 
GNCS software. 

Revisions  to  this  plan  which  reflect  changes  in  control  items (I) through (4) 

and  in  the  Control Data require NASA approval. 

This  plan  also  constitutes  an  information  document to define: 
1. Trajectory  uncertainties due  to GNCS component e r r o r s  

(Ref:  Vol IV - Erro r  Analysis) 

2 ,  GNCS instrumentation (PCM telemetry and  on-board  recording)  exclusive 
of CMC DOWNLINK 

(Ref  Sect. 2 - Data Links) 

Revisions  to  this  plan  which  reflect  changes  in  information  items (1) and (2) 
wi l l  not require  approval of  NASA. 
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1.3 Basic  Software  Design  Considerations 

The GNC System is designed  to  perform  the  spacecraft  guidance  and 
navigation  functions  required on the  lunar  landing  mission  in  a  self-contained  mode 
and  within  specified  accuracy  and  maneuver  propellant  constraints.  The  System 
is also  designed  to  accept  navigation  data  from  Earth-based  facilities  whenever 
required  to  improve  accuracy,  to  reduce  maneuver  propellant  requirements, or t 

to  gain  some  other  operational  advantage, It is essential  on AS-278 to  demonstrate 
to  the  maximum  extent  possible  both  the  self-contained  and  Earth-cooperative 
modes of operation  since  either  mode  may  be  required on the  lunar  mission. 

Preparation of the GNCS f o r  any  mission  involves  the  generation of com- 
puter  programs, flight  and  ground  crew  procedures,  and  the  provision of hardware 
to  meet  interface,  accuracy,  and  instrumentation  requirements. A l l  of these 
mission-related  items  are  specified  in  this  Guidance  System  Operations  Plan. 
Also,  since  their  implementation  requires  specification  many  months  before  launch, 
great  emphasi,s is placed  upon  flexibility.  The  guidance  operational  concept is 
therefore  designed  to  comprise  a  set of manually-initiated  programs  and  functions 
which  may  be  arranged by the  flight  crew  to  implement a la rge   c lass  of flight  plans, 
This concept of operation w i l l  permit  both  a  late  flight-plan  definition  and a powerful 
capability  for  real-time  flight-plan  changes. 
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2. GNCS Data  Links 

2 l  1 Digital UPLINK to CMC 

By  means Qf the CMC UPLINK,  the  gmund  can insert data ?r instruct  the 
CMCin  the  same  manner  normally  performed  by  the  crew  using  the DSKY keyboard 
The  CMCwill  be  programmed to accept  the  following UPLINK inputs: 

1) LIFTOFF  (backup  to  discrete  input) 
2) CMC CLOCK  ALIGNMENT 
31 CSM POSITION and  VELOCITY  data  (provides  graund  ca.pability t o  

4) LEM POSITION and  VELOCITY  data  (provides  ground  capability to  

5) EXTERNAL  DELTA-V 
6) TIME  UPDATE (provides  ground  capability  to  updateCMC  clock  and 

update CSM STATE,VECTOR  data  in  the CMC ) 

update  LEM  STATE  VECTOR  data  in  the,CMC. ) 

TE PHEM) 

Operational  procedures  governing  the  use of these  Uplink  inputs  must  be 
developed t o  ensure  proper  operations  within  program  constraints. 

A l l  information  received  by the C ~ c f r o m  the Uplink is in  the  form of keyboard 
characters.   Each  character  transmitted  to the C M ~  is triply  redundant,  Thus, if C is 
the  5-bit  character  code,  then  the  16-bit  message  has  theform: 

1 ccc 
' where  denotes  the  bit-by-bit  complement of C.  To these 16 bits of information  the 

ground  adds  a 3-bit code specifying  which  system  aboard  the  spacecraft is to  be the 
final  recipient of the  data  and a 3-bit  code  indicating which spacecraft  should  receive 
the  information.  The 22 total  bits are sub-bit  encoded  (replacing  each  bit  with  a 5- 
bit  code  for  transmission, ) If the  message is received  and  successfully  decoded, the 
receiver  on-board w i l l  send  back  an  8-bit  "message  accepted  pulse"  to  the  ground 
and  shift  the  original 16 bits   to  the CMC (1 CCC). 

Any ground  command  sequence  via  the  uplink  may  be  duplicated  by the astrona.ut 
via the  keyboard. A l l  uplink  words  given  in  this  section are in  the  form  tmnsmitted 
f rom the  uplink  receiver to the CMC, Therefore  they  do not c3ntain  the  vehicle o r  
sub-system  addresses  added on by  the  ground  facilities,  For  the  purpose of this 
section,  the  following  definitions hold: 

1) 1 uplink  word = 1 character  
2) 5 characters  o r  uplink words = contents of one CMC regis ter  

2.1.1 LIFTOFF - to  send  the  backup liftoff discrete  to  the .CMCthe  following 
words  should be sent  via  the uplink: 
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Binary Uplink  Word  Equivalent  Keyboard  Character 
(1  CCC) (C 1 

1 10001  01110  10001 VERB 
100111 11000  00111 7 
1 00101  11010  00101 5 

1 11100  00011  11100 ENTER 

2.1.2 CMC CLOCK  ALIGN - to  align  the CMC clock  two  procedures  are 
required,  To  set  the CMC clock  to a specific  value,  the  following  uplink 
words must  be  sent. 

Binary Uplink  Word  Equivalent  Keyboard  Character 

1 10001 01110 10001 

100010 11101  00010 

1 00101  11010  00101 

1 11111 00000 11111 

1 00001 11110 00001 

100110 11001 00110 

1 11100 00011  11100 

VERB 
2 
5 

NOUN 
1 
6 

ENTER 

This must  be  followed  by + O O X X X  ENTER + O O O X X  ENTER + O X X X X  

ENTER.  Where  the  first  three X's are  decimal  digits  representing  the  hour, 
the next  two X ' s  represent  the  minutes,  and  the  last  four X ' s  represent  the 
centiseconds (. 01 sec)   to  be  loaded  into  the CMC clock. 

Since  there  are  uncertainties  in  t ime of t ransmission,   e t   cetera .  it 
is anticipated  that a time  increment  may  be  needed . T o  increment  the .CMC 
clock,  the  following  uplink  words  must  be  sent. 

Binary Uplink  Word  Equivalent  Keyboard  Character 

1 10001  01110  10001 

1 00101  11010  00101 

1 00101 11010 00101 

1 11100  00011  11100 

VERB 
5 
5, 

ENTER 

This  must  be  followed  by + O O X X X  ENTER I-OOOXX ENTER + O X X X X  - - - 
ENTER  where  the X's  represent  the  hours,  minutes,  and  centiseconds  to be 
added  to or subtracted  from  the CMC clock. If the  increment is positive 
(i. e. to  increase  the  clock), all the  signs  must  be  positive; if the  increment 
is negative, all the  signs  must  be  negative. 
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i *  
2.1.3 CSM STATE  VECTOR - to  begin a CSM STATE  VECTOR  update on 
fliqht  Mission AS-278 the  following 4 words  should be sent  via  uplink. 

1 10001 01110 10001 
1 00111 11000 0011.1 
1 00110 11001 00110 
1 11100 00011 11100 

VERB 
7 
6 

ENTER 

The  ground  station should then  await  confirmation  via Downlink  that  the CMC 
is in  Major Mode 27 .  

In Major Mode 27 the CMC wi l l  accept a complete  ground  STATE  VEC- 
TOR update  in  the  format  to  be  described  below, 
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The  data  itself  will  take  the  form of th ree  (3 )  double  precison  compo- 
nents of position,  three (3)  double  precision  components of velocity,  and dou- 
ble  precision  t ime. The position  and  velocity  components  should  be  given  in 
navigation  co-ordinates  (see  Sec. 5 and  the  time  should  be  in  the  time of the 
"fix" referenced  to CMC CLOCK  ZERO.  The  data  must  be  sent  in the  follow- 
ing  sequence: 
octal 
identifier 

1 xxxxx 
2 xxxxx 
3 xxxxx 
4 xxxxx 
5 xxxxx 
6 xxxxx 
7 xxxxx 

" 8  xxxxx 
"8 xxxxx 
128 xxxxx 

xxxxx 
xxxxx 
xxxxx 

138 
48 

158 

168 xxxxx 

(most  sig.  pari; of X position). , . 
(least  sig.  part of X position). . .  
(most  sig.  part of Y position). .. 

(most  sig.  part of Z position). .. 
(least   sig,   part  of Y position), . . 
(least  sig.  part of Z position), . . 
(most  sig.  part of X velocity), . . 
(least sig.  part of X velocity). .. 

(least   sig,   part  of Y velocity). .. 
(most sig. part  of 2 velocity). .. 
(least  sig.  part of Z velocity). .. 

(most  sig.  part of Y velocity). , . 

(most  sig.  part of t ime  f rom 
CMC clock  zero). .............. 
(least  sig.  part of t ime  f rom 

CMC clock  zero). .............. 

ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
E NTE R 
ENTER 
ENTER 
ENTER 
E N T E R  

ENTER 

ENTER 

where  each "X" and  "ENTER"  above  represents  an  uplink  word. If, for   some 
reason,  the  ground  wishes  to  resend  any 5 uplink  word  group  before  the 
ENTER  associated  with  that  group  has  been  transmitted,  the  following 
"CLEAR" word would be  sent 

1 11110 00001 11110 
and  the 5 word  group  retransmitted. 

If the  ground  station  wishes  to  terminate  the  load at any  time,  the 
following 4 uplink words  must  be  sent. 

Binary  Uplink  Word  Equivalent  Keyboard  Character 
(1 C E C )  

1 10001 01110 10001 
100011 11100 00011 
100100 11011 00100 

1 11100 00011 11100 

(C ) 
VERB 

3 

4 

ENTER 

which wi l l  re turn  the CMCto  the  mode it was  in  before  the  update  was  initiated, 
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After the  ENTER  associated  with  the least sig.  part of t ime,  the 
ground  station  must  verify  via Downlink that  the CMC has  correctly  received 
the  navigational  update  before  sending  the  following 4 uplink words  to  signal 
the CMC that it can  use  the  data  in  guidance  coxputations. 

1 10001 01110 10001  VERB 
1 00011 11100 00011 3 

1 00011 11100  00011 3 

1 11100 O C I O l l  11100  ENTER 

If the  STATE VECTOR update is associated  with a pre-thrusting  mode, 
the  entire  load  must  be  completed  befsre  the  pre-thrusting mode is enhered. 

If, during  the  final  verification  period after the  ENTER  associated with 
the least Significant par t  of timetthe  data  in  the CMC a r e  not correct  
the  ground  station  may  change  the  load  in  either 'of the  following  ways: 

.... 

1) If only a few parts  must  be  changed  the  ground  station  should  send 
the  octal  identifier of the  par t   to  be  changed, i. e. ,if the least 
significant  part of the Y velocity  were to, be changed. 

1 00001 11110 00001 1 

1 00010 11101 00010 2 
1 11100 00011 11100 ENTER 

then  the 5 uplink  words  corresponding  to  the  part to  be  changed a r e  
sent  followed by an'  ENTER.  This  procedure,  octal  identifier 
ENTER et cetera,   must  be  repeated  for  each  part   to be changed. 
When all changes are made  and  verified  via Downlink the  VERB 33 

ENTER  must  be  sent  to  signal  the CMC that it can  use  the  data. 
2) If many  parts  must be reloaded,  the  ground  station  may  choose  to 

start the  load  from  the  beginning.  To  do  this, as stated  above,  the 
ground  station  must  send VERB 34 ENTER  which  will  terminate  the 
load  and  allow  the CMC to   re turn   to  its pre-update  condition, 

If the CMC receives  an  improperly  coded  word  from  the  uplink 
receiver  during the load  (not C?C) it will   turn  on bit 4 of OUT 1 

which is transmitted via Downlink (see Sec. 3. 4). When this  occurs 
the  ground  station  should  send  the  following 3 uplink  words: 
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Binary Uplink Word 
(1 cec, 

1 00000 00000 00000 

1 10010  01101  10010 
1 11110  00001  11110 

Equivalent  Character 

(C) 
( to   c lear  uplink  buffer) 

ERROR RESET 
CLEAR 

The  ground  station  should  then  begin  loading  with  the first word of the 
5 word  group it was  sending  when  the  alarm  condition  occurred. 

If insufficient  t ime  remains  to SPS $. X translation,  the CMC will  change 
it major mode  and  proceed  with  the  internally  computed  data. 

The scale factors  for CMC navigation  updating are: 
position  meter f 2 
velocity  (meter/C. S. ) /2  7 
"fix" t ime c. s. f 228 
(lC.S. = . 0 1  sec) 

24 

The CMC is a fixed  point  machine  with  the  point  just  to  the  left of the  most 
significant  bit, 

The  scaling  indicated  above w i l l  be  sufficient  to  force  the 3 components 
of position .and the 3 components of velocity  and  time  to  numbers Less than one, 

To form the  double  precision  quantities  ready  for  coding ancl t ransmis-  
sion  the  scaled  magnitudes of time  and  each  component of position  and  velocity 
should be  expressed as two  binary  words as follows: 

l s t w o r d o  X  X X X X   X X X  X X X X X X 
2 2 2 2 2 2 2 2 2 2  -1 '2 - 3  -4 -5 -6 -7 -8 -9 -102-112-122-132-14 

2 n d w a r d O X  X  X X X  X X X   X X  X  X X X  
2 -152-162-17 2 -182-19 2 2  -20  -212-22 2 -232-242-252-262-27 2 -28 

Each X above  represents a binary  bit of the  appropriate  magnitude, 
the  place  value of which is indicated  below the corresponding X. Once  the 
magnitude of the  component is accounted  for  in  the  above  28Xfs,  the  sign 
must  be  considered, 

If the  component is posit ive,   the  words  remain  as  formed; if the 
component is negative,  the "1's complement" of the 2 words is used (all 
1's are replaced  by 0 ' s  and all 0 's  by  1's.) 

The  first  word is then  transformed  into  a 5 character   octal  word. 
The first character  is the  octal  equivalent of the first three  bits,  the  second 
character  is the  octal  equivalent of the  next  three  bits,  et  cetera.  This  word 
is ,referred  to a.8 the  "most  significant  part" of data  in  the  text  above, 
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I 

c 

Similarly  the  second  word is transformed  into a 5 character  octal   word 
which is the  "least  significant  part" of data. 

2. L4i State  Vector  Update - LEM 

To  update  the  LEM  state  vector  via  the  uplink  the  ground  should  send 
Verb 70 Enter  and  then  enter  the  parameters  in a manner  identical t o  that 
described for C.SM updates  in  Section 2 , l .  2 . 
2, i. 5 External  Delta "V 

To  load  the CSM for  an  External  Delta -v maneuver  the  ground 
should  send  Verb 7 2 Enter  followed  by  the  parameters  listed below,  in the 
order  given  below. 

Octal 
1-dentifier 

1 XXXXX Enter  
2 XXXXX Enter  
3 XXXXX Enter  
4 XXXXX Enter  . '~ 

5 XXXXX Enter  
6 XXXXX Enter  
7 XXXXX Enter  

XXXXX Enter  "8 

(most  sig.  part of Tign) 
(least  sig.  part of T ign ) 
(most sig.  part of X  component of V e ) 
(least sig.  part of X component of V g ) 
(most  sig.  part of Y component ov V g 1 
(least  sig.  part of Y component of V g ) 
(most  sig.  part of z component of V g ) 
@east  sig.  part of Z component of V g 1 

The  ground  should  use  the  same  procedure  for  correcting,  terminating 
or accepting  this  data as outlined for   Verb 76 above. 

2.1.9 TIME UPDATE - to  begin a time  update fo r  Mission AS-278 the  following 
four  words  should be sent  via uplink. 

Binary Uplink  Word 
(1 CCC) 

1 10001  01110 10001 

100111 11000 00111 

100111 11000 00111 

1 11100 00011 11100 

Equivalent  Keyboard  Character 

(C) 
VERB 

7 
7 

ENTER 

This  must be followed by XXXXX ENTER  where  the 5 X ' s  represent 
5 octal   characters  which  give the  time  change  scaled as C. S. / 2  . 14 
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A positive  value  indicates  that  the  clock  reading  should  be  decreased  and 
TEPHEM ‘should  be  increased,  while a negative  value  indicates  that  the 
clock  should  be  increased  and TEPHEM. decreased. 

Character  

0 
1 
2 
3 
4 
5 
6 

7 
8 

9 

VERB 
NOUN 
ENTER 
ERROR  RESET 
CLEAR 
KEY RELEASE 

+ 

Uplink  Word 

1 10000  01111 10000 
1 00001  11110 00001 

100010  11101 00010 

i O O O I I  11100 00011 
1 00100 11011 00100 
1 00101  11010  00101 
1 00110  11001  00110 
100111 11000 00111 
101000  10111  01000 
1 01001 10110  01001 
1 10001 01110  10001 
1 11111 00000 11111 

1 11100  00011  11100 
1 10010  01101  10010 
1 11110 00001 11110 
1 11001  00110  11001 
1 11010  00101  11010 
1 11011 00100 11011 

NOTE: It is good operational  procedure  to end every uplink message 
with a KEY REmASE. 
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2. 2 CMC Digital Downlink 

The CMC digital downlink is transmitt6d  at a ra te  of 50 words  per second on 
t h e  high  ,bit rate  and 10 words  per ,second  on  the.low  bit rate,  Each  word  con- 

s i s t s  of 33 bits;   the  f irst   bit  is a ''word  order  code"  bit,  the  next 16 b i t s   a re   the  \ 
contents of one 16 bit CMC regis ter  and  the  last 16 bits  are  the  contents of another 
16 bit CMC register.  (Because  the  PCM  telemetry  format  requires da.ta  in  multi- 
ples of 8-bit  words,  the CMC downlink program  repeats  the last 7 bits  from  the 
first   16-bit   register,   after  the  33-bit   transmission,  in  order  to "fill" the  40-bit 
downlink allocation,) In this  manner  the  contents of 100 CMC reg i s t e r s   a r e   t r ans -  
mitted  in  one  second  at  high  rate  and 5 seconds  at low rate .  

The downlink format is controlled by a CMC program  which 1oa.ds the  next 
2 registers  to  be  transmitted  into  channels 34 and 3 5 .  This  program is entered on 
an  interrupt  caused  by  an  "endpulse"  from  the  telemetry  system. 

The  general CMC downlink format  is shown  in  Table-2-2.  Each list contains 
50 words (i. e . ,  100 CMC registers).   The  f irst   word  in  any list contains  the ID and 
sync  registers and has  a word  order  code  bit of zero.  The ID regis ter   marks  the 

' beginning of a list  and  also  identifies  which list is being  transmitted.  The  sync 
register  always  contains  the  same 16 bits.  These  bits (000 0001000111111) a.re 
used  to  sync  certain  remote  site downlink processing  equipment,  The  next 12 words 
(24 registers)  may  also  change  for  different  lists,  These  twelve  words  will  have 
word  order  code  bits of one.  Since  certain  data  on  the  downlink  are  only  meaningful 
when  considered  in  multiregister arrays (i. e ,  state  vectors)  and  since  the  programs 
which  compute  these  arrays  a.re not synchronized  with  the  downlink  program, a 
"snapshot" is taken of these  regis ters  so that  changes in their  values  will not occur 
while  these  arrays  are  being  transmitted  tot he ground.  The  next 26 words ( 5 2  

registers)  will   have  word  order  code  bits  of one  and wil l  probably cha.nge from list 
to  list. Since  both  registers of a word  are  loaded  at  the  same  time, no synchroniza- 
t ion  problems  can  arise on  double  precision  parameters.  The next 6 words 
(12 registers)  have  word  order  code  bits of one and transmit  the  contents of the 
latching  relays  in  the DSKY. A s  such  they  indicate all displays and certain  other 
functions (i. e, G&N mode  switching)  handled  through  the 1a.tching DSKY r e k y s .  
A l l  downlink lists  will  contain  DSPTAB  registers  in  this  position  in  the list, 

The  next  downlink  word  contains  the  double  precision  contents of the CMC 
clock (i. e. TIME1  and  TIME2).  This  word  will  have a word  order  code  bit of one 
and will always  retain the position  indicated  inall lists. The last 4 dpwnlink  words 
(8 registers)  contain  the  contents of channels 11, 12, 13, 14, 30, 31, 32 and 33 in 
that  order.  These  channels  have  similar  functions t o  the  in  and  out  registers for 
the  Block I computer.  Therefore,  they  will  contain  the  status of a number of dis-  

crete interfaces of the CMC. These 4 words  will  have  word  order  bits of one and 
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Word # 

TAbLE 2-2 
GENERAL'  LGC DOWNLINK FORMAT 

Word  Order  Code Contents of 
1 s t   reg is te r  2nd regis ter  

1 n r n  

2 

J 
13 
14 

1 
39 
40 

1 
45 

46 
47 

48 

49 

50 

- 

i 
L U  

c' 
sync 

snapshot"  data  which  will  probably 
change  with  different lists 

1 

i 1 

,..- i . 
/' 

2 -10 

1 data  which wil l  probably  change 
with  different lists 

(DSPTAB regis ters  

t1me2 t1me1 
channel 11 channel  12 
channel 13 channel  14 
channel 30 channel 31 
channel 32 channel 33 



w i l l  be in  the  same  position  on  all  downlink lists. 
More  detailed  information wi l l  be  included  as  addenda  to  this  document as it 

becomes  available. 

2, 3 Analog  Data  Telemetry 

2.3.1 Types 

The  inflight  information  from  the  Block I1 CSM G&N system is of 

four  types: 

a) PCM  telemetry of the CMC Digital Downlink (described  in  sec. 2. 21, 
b)  PCM telemetry of OPERATIONAL (required f o r  all  Block I1 missions) 

analog  measurements,  which  include the following  categories: 

1) PCM  Pulse-code-modulated  analog  measurements  digitally  coded 
into  8-bit  words  and  transmitted at the  normal (51. 2k-C) 
operational  bit rate. 

2) PCM+ Flight-critical  PCM  measurements,  which  continue  to  be 
monitored when the  PCM is operated  in  the  "slow-format" 
mode. 

3) PCME  PCM  monitor of discrete  events (1 bit  per  word). 

4) PCMEC Flight  critical  PCME  measurements  monitored  in  ' 'slow- 
format " mode; 

c)  PCM  telemetry of FLIGHT QUALIFICATION measurements  which is 
discontinued after the  flight  qualification  requirements  are  fulfilled. 

d) On board  recordings of FLIGHT  QUALIFICATION measurements  for 
retrieval  by  subsequent  transmission o r  by  examination  after S/C 
recovery. 

2. 3. 2 Authority 

The  PCM  telemetry  and  on-board  recorder  allocations  have  been 
defined  by NASA in SID 65-1642 (2  March 1966), CSM Measurement  Require- 
ments  Specification for Black I1 Spacecraft  Apollo CSM System.  The 
G&N measurements are listed below. 
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2.3.  3  OPERATIONAL  PCM  Measurements 

Measurement # 
CG OOOlV 
CG  1040V 
CG  l l lOV 
CG  1201V 
CG  1331V 
CG  1513X 
CG  1523X 
CG  1533X 
CG 2001V 
CG 2021V 
CG 2041V 
CG 2112V 
CG 2113V 
CG 2117V 
CG 2142V 
CG 2143V 
CG 2147V 
CG 2172V 
CG 2173V 
CG 2177V 
CG  2300T 
CG 3721V 
CG 3722V 
CG 5040X 

Description 
Computer  Digital  Data 40 Bit 
+120 VDC PIPA  Supply DC Level 
2.5 VDC T / M  Bias 
IMU28V .8KC 1 PCT 0 Deg. RMS 
3,2KC 28V Supply 
+28V IMU Standby 
+28V  CMC Operate 
+28V OPTX  Operate 
X PIPA SG  Output  In  Phase 
Y PIPA  SG  Output  In  Phase 
Z PIPA SG Output  In  Phase 
IG 1X Resolver  Output SIN 
IG IX  Resolver  Output COS 
IG Servo Er ro r  In Phase 
MG 1X Resolver  Output SIN 
MG 1X  Resolver  Output COS 
MG Servo Error In  Phase 
OG 1X.Resolver  Output SIN 
OG 1X Resolver  Output COS 
OG Servo Error  In  Phase 
PIPA  Temperature 
Shaft CDU DAC Output 
Trunnion CDU DAC Output 
CMC Warning 

T/M 
PCMD 
PCM 
PCM 
PCM 
PCM 
PC ME 
PCME 
PCME 
PCM 
PCM 
PC M 
PCM 
PCM 
PC M 
PCM 
PC M 
PCM 
PCM 
PCM 
PCM 
PCM+ 
PC M 
PCM 
PC ME 

Re spon seS/S 

50 

3 
1 
1 
1 

10 

10 
10 
50 

50 
50 

~ . .  - 

, 10 
10 

100 
10 

10 
100 

10 

10 
100 

1 
10 
10 
10 
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2,3,4  FLIGHT QUALIFICATION  PCM  Measurement for  CSM 101 

Measurement # Description 

CG 1211V OPTX 28V .8KC 1 PCT 0 Deg. Rms 
CG 2219V Pitch At t .  Error’-CDU DAC Out 
CG 2249V Yaw  Att. Error-CDU DAC Out 
CG  2279V Roll Att.  Error-CDU DAC Out 
CG  2301T IRIG Temperature 
CG 2302X IMU Heater   Current  
CG 2303X IMU Blower  Current 
CG 3011V Trunnion CDU Fine Error 
CG 3021V Shaft  CDU  Fine Error 
CG  3140V,,  SXT  Shaft  Tachometer  Output 
CG  3150V SXT Trun  Tach Output 
CG 3160V SCT  Shaft  Tach  Output 
CG  3170V SCT  Trun Tach Output  In  Phase 

T/NI 

PCM 
PCM 
PCM 
PCM 
PCM 
PCME 
PCME 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 

Response S/S 

1 

10 
10 
10 

1 
1 
1 

10 

10 
10 
10 

1 
1 

2.9.5 FLIGHT  QUALIFICATION  Flight Recorder Measurement f o r  CSM 101 

Measurement # Description  Recoverable B/W 

CG 2120C IG Torque  Motor  Current -35 
c PS 

CG 2122V 
CG  2150C 
CG 2152V 
CG 2180C 
CG 2182V 
CG 600133 
CG  6002D 
CG  6003D 

IC  1X  Resolver  Output  SIN 11 Deg. 
MG Torque  Motor  Current 
MG 1X Resolver  Output SIN 11 Deg. 
OG Torque  Motor  Current 
OG 1X Resolver  Output SIN 11 Deg. 
Vibration  Navigation  Ba.se Roll 
Vibration  Navigation Base Pitch 
Vibration  Navigation Base Yaw 

35 
25 
25 
20 
20 
2K 
2K 
2K 
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SECTION 3 
DIGITAL  AUTOPILOTS AND CONTROL  INTERFACES 

3. 1 Introduction 

The GNC System is designed  to  control  attitude  and/or  steering  and 
propulsion  during all phases of the 278 mission after first-stage  booster 
cutoff.  The  Saturn  autopilot  may  be  directed  by GNC, both  during SrVB 
burn  and  during  coast. CSM free-fall attitude  control is performed by 
GNC with  and  without  LM  attached,  TVC  (thrust-vector  control) is per -  
formed  by GNC using  either  the RCS o r  SPS  systems  with  and  without  LM 
attached,  Attitude of the  CM is controlled  from SM separation  through 
entry. 

3. 1. 1 General  Description 

These  various  control  operations  are  performed  by  mutually  exclu- 
sive,  separate  sections of the CMC. For the  several  CSM  and CM operations, 
GNC provides  self-contained  digital  autopilots (DAP's) .  For  Saturn  control,  
rate command  signals  are  transmitted  to  the SIVB autopilot, 

The  activation of any  DAP o r  Saturn-control  function a.nd i ts   interfaces 
with  other  programs are governed  by  the  major  mission  program  in  process. 
This  section  describes  external  stimuli  to  which  the  control  functions are 
sensit ive,   the  crew's  role  in  selection of control  parameters  and  the  means 
for  transit ions  from one  control  operation  to  another.  Section 3. 2 defines 
the  operation of the RCS DAP  (including  TVC  using  the RCS jets). 
Section 3. 3 defines  the TVC  DAP  (using SPS) and  also  describes  the 
"Stroking-test"  mechanization  which is integrated  with  the  TVC DAP f o r  
Mission 278. Section 3. 4 defines  the  entry  DAP.  Section 3. 5 defines  the 
various  control  functions  provided  for  Saturn  control. 

3. 1. 2 Enablement  and  Mode  Control of GNC DAP's  and  Saturn-Control 
Functions, 

In  order  to  initiate  any  DAP or  Saturn-control  function,  the GNC ISS 
subsystem  must  be  in  the  inertial  mode  (evidenced  to  the  crew  by  the  absence 
of the "No  Attitude''  indication).  Furthermore,  the GNC A / P  Control 
discrete  must  be  present.  Other  discretes  from  the  spacecraft o r  the  crew 
influence  performance: 

rpc 

4c The  exception is the   F ree  Mode of the CSM RCS DAP, 



SIVB Separate 
Attitude Hold 
Free Drift 

** 

LM Attached** 

CM/SM separate** 

Initiates CSM  RCS DAP 
Comma.nds  Hold  mode of CSM RCS DAP**" 
Commands Free mode of CSM RCS 
DAP *"* 
Influences  parameters of CSM RCS D A P  
and  selects one of two  TVC  DAP's 
Initiates  entry  DAP  sequence 

Rotational  Hand  Controller Six (6) discretes  command  angular 
(RHC) rotations  during CSM RCS DAP  and 

Saturn  -control  operations. 
Translation Hand  Controller  Six (6) discretes  command  translation 

(THC) accelerations  during CSM  RCS DAP 
operations. 

Minimum  Impulse  Controller Six (6) discretes  command rate incre-  
WIG) ments  during  Free  mode of CSM RCS 

DAP  operations, 
S/C  Control of Saturn  Initiates  Saturn  Control  Operations. 

It will  be  noted  that  the CSM RCS DAP reponds  to all discretes ,  i. e . ,  
HOLD, FREE, RHC, THC, MIC. The  Saturn-control  function  responds 
only  to  the RHC. The  other DAP's  are virtually  free-running  and  do not 
respond  to  any  mode-control o r  manual-control  inputs,  In  order  to  suspend 
normal  GNC control  operations,  the  crew  must  switch out of the GNC A / P  
Control  mode;  the GNC System  will  attempt  to  resume  control if the  control 
switch is re turned   to  GNC, but  results  may not  be satisfactory if extravagant 
initial  conditions  obtain at that  time;  in no event  should  unstable  performance 
develop;  however,  steering  accuracy  may  be  impaired. 

3. 1. 3. Crew  Control of DAP  Characterist ics 

Many of the  constants  and  other  data  which  characterize  DAP  opera- 
t ion   a re   s tored   in   o r   t ransfer red   to   e rasable   memory .   The   c rew  has  access 
to  examine  this  data.  In  certain  instances  (such as gains,  iteration rate 
and  filter  poles  and  zeros f o r  the  TVC  autopilot)  the  crew  may  be  called upon 
t o  change  coefficients  (only  after  coordination  with  the  ground, as a contin- 
gency  portion of the  mission  plan), In other  instances  (such as selection of 

** These  functions  may  be  alternatively  supplied  by DSKY entry,  
*** The  Auto  mode of CSM RCS DAP is commanded  by  the  absence of 

Attitude-Hold  and  Free-Drift  discretes. 
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manuever  rates or  accounting  for  the  effects of fuel  depletion),  the  crew 
are   expected  to   change  the  data   as  a matter  of norma.1  procedure. 

The  autopilots  should  be  considered as  hardware  with  some  adjust-  
ment  capability.  The  basic  autopilots  are  stored  in  fixed  memory;  major 
changes  in  performance  may  be  achieved  by  changes  in  erasable  memory, 
however,  these  manipulations  are  time-consuming, 

F o r  normal  activity,  the  data  are  grouped  into  "nouns"  for  more 
convenient  display  and  change. In this  group  are: 

1'. SPS pitch  trim 

T&(SPS thrust-moment) 

I rol l  

Weight 

N SPS yaw t r im 

N I pitch-yaw 

N 

The  display a.nd change  are  performed by normal DSKY procedures: 
e. g., V06N E; V21N E, etc. - - 

For  the  less  changeable  data,  individual  addressing  must  be  used; 
e. g., VOGNOlE, address  E; etc. 

3. 1.4 Transitions  in  Operating Mode 
Transit ions  are  effected  by  discretes o r  by  major  mission  program 

commands.  The first type is represented  by  activation of the  Entry D A P  5 see. 

after reception of the  CM/SM  Separate  discrete  (backed up by a DSKY entry). 
The  prime  examples of the  second  type  are  transit ion  from RCS DAP to  

TVC DAP at ignition  and  transition  from TVC DAP to RCS DAP at SPS- 
engine  cut-off.  These  transitions are described  here  for  information  only; 
the  details  are  defined in Section 4. 

3. 1.4. 1 Transit ion  from RCS to TVC 

Immediately  prior  to  sequence  initiation of a TVC burn  using  the SPS, 
the RCS system is holding  initial  thrusting  attitude  in  narrow  deadband, 
the  preselected  trim  has  been  commanded  to  the  engine  and  confirmed  by 
the crew  and  the  crew  has  accepted  the  thrusting  parameters  including  time- 
of -ignition  (TIC). 

A t  a prescribed  time  before TIG the  crew  signals SPS Ready  and  the 
RCS autopilot  initiates  ullage  while  holding  attitude  in  the  narrow  deadha.nd. 

A t  TIG the RCS DAP is ceased a.nd TVC D A P  controls  engine  excUrsion. 
Ullage is terminated by the major  program whon successful  thrust  build-up 

sensed. 
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3, 1" 4, 2 Transit ion  from  TVC  to RCS 

At  commanded  engine  cut-off,  engine  gimba.1  commands are s tored 
for  tr im  reference  for  subsequent  burns,   and TVC DAP  operation ceases. 
RCS DAP  operation is simultaneously  initiated  in  the  wide  deadband  mode. 

3 . 2  RCS DAP 

The RCS DAP  provides CSM attitude  control  during  non-thrusting 
(SPS) periods of flight  andprcxricks translation  capability  using  the RCS 
thrusters.   The  primary  requirement f o r  this  DAP is RCS-fuel  co.nservation. 
To   t h i s  end  cgordinated  3-axis  maneuvers are performed  with a selectable 
rate and,  wherever  possible, the je t s   a re   € i red  s o  as to  achieve  highest 
specific  impulse.  Wherever  possible,  translation  and  rotation are performed 
simultaneously.  The  capability exists of operating  with  single  jets  in  the 
attitude-hold  mode.  When  performing  attitude  hold  and  automatic  maneuvers, 
the  system  operates  with a minimum-impulse limit cycle  within a wide or  
narrow  deadband. A jet-selection  logic is employed  which  permits  one- 
jet o r  multi-jet  operation,  selects  non-failed  quads  to  effect  any  possible 
rotati0n.m  translation  operation  and  allows  for  fuel  management  among  the 
various  tanks. 
3. 2. 1 . Reaction  Control  System 

The RCS DAP  controls  spacecraft  attitude  and  attitude rate by  means 
of commands  to  the  reaction jets on  the  Service  Module.  Spacecraft  attitude 
in  measured  with  the IMU through  the CDU. Attitude rates must  be  computed 
from  the CDU information.  An  accurate  estimation of the  attitude  rates 
requires  that  the  commanded  angular  accelerations  be  included  in  this 
computation. 

A s  a function of att i tude  error  and  att i tude-rate  error,   nonlinear 
switching  functions  in  the  computer are employed  to  generate ON-OFF 
commands  to  the RCS jets. A jet-selection  logic is then  used  to select the 
individual  jets  to be fired. Simultaneously,  attitude e r ro r   s igna l s  are 
transmitted  via  the CDU digital-to-analog  converters  to  drive  displays  on 
the  FDAI. 

Cent ra l   to  the operation of the RCS D A P  is the  angular-rate 
estimator,  Derivation of the  body rates of the  spacecraft   from  the  gimbal 
angles is complicated  by  the effects of CDU angular  quantization  and  the 
effects of body  bending  modes of the  vehicle.  The  accuracy of estimating 
body r a t e s  relates directly  to  the  fuel  economy  achievable  through  operating 
at  a minimum-impulse  limit  cycle  within  the  deadband. 
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For the RCS D A P  the IMU gimbal-a.ngle  differences  (rates)  are  trans- 
formed  into  body-angle  differences  and  smoothed  by a second-order  filter, 
as shown  in  Figure 3-  I. Except  for  the  high-rate  (abort)  case,  the  selec- 
tion of a break  frequency at least   an  order  of ma.gnitude  below  the  natural 
frequency of the  lowest  bending  mode assures virtual  isolation  from  bending- 
mode  effects  and  effective  smoothing of quantization  effects.  The  resulting 
filter has a serious  time  delay  in  responding  to  changes  in  input  rate.  To 
improve  this  response,  two  additional  measures are taken. First, a 
Kalman-filter  approach is undertaken  during  the first second  after  turn-on; 
i. e., the  bandpass  of'the filter is increased  ma.ny-fold  initially  and  rapidly 
reduced  to  the  nominal  value  in  order  to  initialize  the  estimator as quickly 
as possible.  Second,  estimates of vehicle  angular  accelerations  are  derived 
from  the  number of jets  f ired,   the  t ime of firing,  nominal  thrust  and a 
nominal  Moment-of-Inertia  about  each  axis, 

The  gains  programmed  for  the filter a r e  included  in  Figure 3-1 .  

The  f i rs t   se t  of gains  define  the  Kalman filter. The  second set of gains 
define the filter  for  normal  low-rate  opera.tion.  The th i rd  set  of gains 
define  the filter for  high-rate  operation;  in  this mode, fuel  economy  and 
smoothing  are  sacrificed  for  speed of response,  The  normal  filter 
character is t ics  are: 

W n  0 .4  rad /sec ,  f = 0.8 

Wn = 1. 32 rad lsec ,  < = 0.8 

The  high rate filter characterisi t ics  are:  

3. 2. 2 ,  Attitude  Hold  and  Rate  Limiting 

The  attitude  hold  and rate limiting  functions of the  autopilot  are  per- 
formed  in  the  same  part of the  computer  logic.  The  inputs  to  the  logic  are 
the  vehicle  at t i tude  error  and  the  body  rates,   The  att i tude  errors are 
assumed  to be small  and  are  equal  to  the  difference  between  vehicle  a.ttitude 
and  the  desired  vehicle  attitude  resolved  into  the  three  control  axes,  Rate 
has  been  derived  in  control  axes, We will  consider the logic  usedin  only 
one channel  since  the  others  are  identical, 

The  dyna.mics of the switching  logic  can  be  best  understood by inter- 
pretation in  the  phase  plane as shown  in  Figure 3-2. The  abscissa is the 
vehicle  angular error; the  ordinate is the  vehicle body rate.   Paths of zero  
acceleration  are  horizontal   l ines  and  paths of constant  acceleration  are 
parabolas. 
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In  the  attitude  hold  mode  we  can  consider  what  happens  to  the  vehicle 
when  i ts   starts  in  the state A .  The  velocity  drives  the  state  along  the  error 
axis until it reaches  the  decision  line  at B. The  logic  then fires an  impulse 
on the  reaction  control jets to  attain  the  desired  rate  corresponding  to  that  
att i tude  error  (zero  in  this  case).  Due to  tolerances  in  the  torque  produced 
by the  jets  and  to  uncertainties  in  the  vehicle  moment of inertial,  the  impulse 
f i red  is actually  short (20'70)~ of the  desired  impulse.  Thus  the state drops 
to  C, and now moves  more  slowly  towards  the  decision  line,  During  this 

% t ime the Rate  Derivation  filter  drives the rate estimate  from  the  predicted 
value  towards the actual va.lue. Now the state hits  the  decision  line  again 
at  D and fires the jets again  to  bring it t o  E. The effect of limiting  the 
shortest  firing to a minimum  impulse is to  reverse  the  velocity  and  to  drive 
the  vehicle  into  the  minimum  impulse  limit  cycle EFGHE, etc. 

In the  rate  limiting  mode  the  vehicle is at  some  high-rate  condition 
such   as   a t  point K. The  jets fire to  bring  the  operating  state  within  the rate 
limiting  deadband at L. Then  the  state  moves  until  it   reaches  the  attitude 
deadband,  at A for  example,  and  the  vehicle  moves  into  an  attitude  hold  mode, 

The  value of rate  l imit  is fixed at 0. 2'/second. The  Astronaut  may 
select  his angular  deadband ( 0 . 5 O  o r  5.0') by  Keyboard  command, 

3.  2 ,  3. Automatic  Attitude  Maneuvers 

Attitude  maneuvers are implemented  by  exactly  the  same  logic as 
I that  used  in  attitude hold, except  that  the  inputs  to  the  logic are e r r o r  rate 

and  attitude  error; i. e. , the  rate  ordinate is the  difference  between  actual 
rate and  desired rate. Thus,  throughout a maneuver,  the  vehicle  attitude 
is being  held  about a desired  attitude  moving from the  initial  vehicle  position 
toward  the  final  position. 

Due to  the  requirement  for  high  vehicle  maneuver  rates,  the  above 
scheme  has  one  shortcoming;  the  initial  error rate in  the  phase  plane  can 
be  great  enough  to  prevent  the  initial  firing of the  jets  from  driving t k  
operating  point  into  the  attitude  deadzone. A s  a result ,  the vehicle-rate 
limits  on  the  opposite side before  returning  to the deadzone.  This  results 
in  opposite  firing of the jets, which is wasteful of propellants. In order   to  
overcome  this  problem, a bias is introduced  into  the  attitude  error.  The 
bias is computed  by  dividing  the  component  maneuver rates by  the  slope of 
the  decision  line.  With  this  bias  present  the  vehicle  state  moves  into  the 
correct  rate  limiting  deadband  before  moving  into  the  attitude  hold  deadzone, 

- 

The  generation of the  moving  desired  attitude (3  CDU-values)  required 
f o r  the  automatic  attitude  maneuver is performed in  two stages, 
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First, on  the  basis of current  attitude (CDU angles)  and  desired  attitude as 
supplied  by  the  crew or  by a peripheral  program,  the  a.ttitude  maneuvering 
routine  determines  the  arbitrary  axis  (fixed  in  inertial  space)  about  which 
a single  rotation  will  achieve  the  desired  reorientation.  The  routine  will 
then  determine if the  maneuver as calculated  will  drive  the  spacecraft 
through  gimbal  lock. If so, the  rotation  axis w i l l  be  readjusted so that  the 
spacecraft   will   skim the gimbal-lock  zone  and  properly  point its x-axis. 
In  general a final  roll  will  be  necessary  to  complete  the  maneuver.  The 
output of this  calculation is t ransformation  DhL  represent ing a rotation 
about  the  computed  vector  by  an  incremental  angle A equal  to  the  selected 
maneuver rate t imes  the  i teration  period.  (For  details   see  Figure 3-6) 

stable  member  axes  MIS-1  t imes  the  rotation  matrix D&L. Once per  
computation  cycle MiS is updated.  Desired CDU angles are developed  at 
each  iteration  cycle,  compared  with  actual CDU angles,  and the difference 
transformed  into  control  axes  to  consti tute  at t i tude  errors.  In o rde r   t o  
minimize  discontinuity,  the  desired CDU angles  are  interpolated  between 
computation  cycles. 
3. 2.4.  CSM RCS DAP  Modes  and  the  Hand  Controllers 

>:< 

>k 

Second,  the  transformation Mb is developed  equal  to  the  initial  s/cto 
>at 

9c  

The  three  -position  mode  control  switch  interfaces  with  the CMC. 
In the  "Free1'  mode, no jet firings  will  be  made  except  for  rotational  and 
translational  accelerations  in  response  to  the  manual  controls,  including  the 
minimum  impulse  control, In the "Hold"  mode,  the  S/C is held  about the 
attitude  reached upon  switching  to  "Hold" o r  upon  terminating a manua.1 
rotation.  In  the "Auto"  mode  the  mission  program  controls  the  S/C 
attitude. 

The  manual  translation  and  rotation  controls  interface  directly  with 
the CMC and  have  priority at all times,  over  automatic  commands. In the 
"Hold"  mode  manual  rotation  comma.nds  ca.use  the  vehicle  to  move at a pre-  
selected  fixed rate about  the  appropriate  axis,  and  tran.dation  commands 
cause all appropriate  jets  to fire whenever  possible.  The CSM RCS DAP 
responds  to  manual  commands  in  the "Auto"  mode  in an  identical  manner  to 
that  in  the "Hold"  mode;  when  the  crew  releases  the  manual  controllers, 
the  DAP will hold  the  attitude at release;  to  resume  an  automatic  maneuver 
the  crew  must recall it by DSKY command. 

* It is not the  purpose of this  section  to  define  the  attitude  maneuvering 
routine.  However,  Figures 3-3,  3- 4 and 3 -  5 may  be  useful as a 
rudimentary  explanation, 
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1. Compute initial.cI  and  final C 

2. Compute rotation  matrix 

- =F 
orientation  matrix  from gimbal  angles 

= R = C C  + =I components r.. 
3. Take antisymmetric part 'I 

A = -  ( R -  R T )  - - 2 = =  
4. Find  maneuver  angle 8 

cos8 = - - ( r  1 + r  + r  - 1 )  
2 11 22 33 

5. Find  axis u and  rate w - - 
u = ( a32,  a13, aZ1 1 I sin 8 - 

w 
I 

I-. 
0 

INERTIAL PLATFORM 
WITH THREE ISOLATION 
GIMBAL AXES 

Fig. 3-3 Computation of Axis and Angle 



DETECTION OF GIMBAL LOCK 

If Final Roll Axis 

Region of Gimbal Lock 
where  Middle Gimbal  Angle 
is greater than 90e-8 
Locus of Roll Axis 0 

Initial  Roll A x i s  

LOGIC 1. Ensure that the Initial  and  Final Roll Axis are  outside the G region. 
2. Find Angle of Maneuver  for  maximum 9. 

3. If Gimbal Lock may  occur. 

i. e. 6 > ARCCOS u * G  - ARCCOS u.0 
- - I  

8, = ARCCOS U X Q  Q X &  

If 6 > arc Ql we pass through Gimbal Lock 
- 

Fig. 3-4 Detection of Gimbal Lock 
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DETECTION OF GIMBAt LOCK 
Region of Gimbal Lock 
where  Middle Gimbal Angle 
is greater than 90”s 
ocus of Roll Axis 0 

If Final Roll Axis 

4 ,, ,”---Region of Gimbal Lock 
where  Middle Gimbal Angle 

Locus of Roll Axis 0 

initial Roll A x i s  

If Final Roll Axis is greater than 90”s 

LOGJC 1. Ensure  that  the Initial and Final Roll Axis are outside the G region. 
2. Find Angle of Maneuver for maximum 3.  

3. If 8 >eM Gimbal Lock may occur. 

i. e. 8 > ARCCOS ! * c  - ARCCOS u . 0  - -! 

8M = ARccos g x o  ‘g x c  

If 8 > arc Qc we pass through Gimbal Lock 

Fig. 3-4 Detection of Gimbal Lock 



4 New maneuver  axis u'  computed 
so that  maximum  middle  gimbal 
angle = T I 2  - 8 

Constraints  are 

- u '  * QI  = cos 01 

- u' - OF = cos cr 
$ *  5 = cos ( a + 8 )  
y' - E' = 1 

Choose solution u' nearest u 

Final roll is  then  minimized. 

Fig. 3-5 Avoiding Gimbal Lock 



Fig. 3-6 Attitude  and  Rate  Transformations 

* 1 sin rl/ 
MGB = 0 cos rl, cos $ sin $ 

0 -cos $ sin $ cos$ “I 
$*,  8 ,  $ = 0, 1, M gimbal  angles 
ONE  SECOND  UPDATE  MATRIX 

* 
DEL = TRANSFORMATION  REPRESENTING A 

ROTATION ABOUT A UNIT VECTOR 
BY AN ANGLE A 

* 1 0 0  
where I = [: A (I] 

r ux2  u  u 
X Y  uxuz 1 

1 -uz U X 

* * >:< 
MIS = MIS -1 DEL 

* 
MIS = TRANSFORMATION  FROM  S/C  AXES 

TO  STABLE MEMBER  AXES 

* o COS e COS $ 
MIS 1 - cos 8 sin r / /  cos $ + sin e sin 4 

2 cos 8 s in  $ sin $ + sin 6 cos 9 
3 sin $ 
4 cos J/ cos $ 
5 -cos I) sin $ 
6 -sin 0 cos J I  
7 sin 6 sin $ cos $ t. cos 6 s i n $  
8 -sin e sin $ sin $ + . C O S  8 COS $ 

* In order  to  account for the roll displacements of the  reaction 
jets with respect  to  navigation  base  coordinates, $ = CDUX -7. 25’ - 
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3.2.5  Rate,  Deadband  and  Jet-Thruster  Management 

The  crew  have  the  responsibility  to  select o r  approve  the  maneuver 
rate and  deadband  for  the RCS DAP. They  also  must  advise  the CMC of 
failed  thruster  quads  and  may  insert  pseudo  fa.ils, if fuel  economy  dictates, 
to  implement  single-jet  rotational  m,aneuvers.  These  various  selections 
have  been  grouped  for  economy  into a single CMC Noun (Noun ). A s  

shown  in  Figure 3-7, the  five  (octal)  characters  in  the Noun refer   to   Rate/  
Deadband,  Quad  A,  Quad B, Quad C and  Quad D respectively. 

R 1  1 0  1 2 0  

Ratelbeadband ."//* < \t, Quad D 
Quad A Quad C 
Quad B - 

Figure 3-7 Noun - 
Table 3-1 defines  Rate/Deadband  selection  in  which  even  numbers 

(0, 2, 4, 6 )  specify low deadband  and odd numbers (1, 3, 5, 7) specify  high 
deadband  and  in  which  increasing  numbers  in  each  group  specify  maneuver 
rates  from  lowest  to  highest.  The  deadbands are + 0. 5 degrees  and + 5 
degrees.  The  rates are 0. 05, 0 .  2,O. 5, and  4°/second."' 

- - 

The  coding  for  Quads is presented  in  Table 3-11. A "0" denotes 
no fails, a "1" denotes a pseudo fail, a "2" denotes a hard fail and a "4" 
(in  any  Quad  position)  specifies  B-D  rather  than  A-C  for rol l  control  (which 
will  be  explained  in  detail  in a later paragraph). It is noted  tha.t  the  difference 
between a pseudo fail and a hard fail relates  to  commanded  translations; 
the  DAP w i l l  not endeavor  to  perform a translation  which  requires  the  use 
of a ha.rd-failed  jet, but will   use  (reinstate) a pseudo-failed jet. The 
normal  effect of a pseudo fail is to  control  the  selection of quads  used  for 
single-jet  rotatior, . 

The  crew  may  select  which  quads are used  for  roll  control  and  which 
are used  for  ullage. If a "4" is inserted  in  any of the  Quad  digits of 
Noun , BD is selected  for  roll ;   otherwise A-C is used.  Normally 
ullage  will  use  the  same  quads as roll  control.  The  crew  may  command 
different  ullage  quads  by  inserting a pseudo fail into  either of the quads 
selected  for  roll  control. 

The  crew  must  also  periodically  updatethe  moment-of-inertia  values 
used  in  the  acceleration  prediction, 

The  applicable  program  will  normally select r a t e s  and  deadbands 
fo r  the  maneuver  (no "4" and  no  pseudo-fail l l l t ls ,  the  CMC's  standard 
condition,  defines  the  normal  situation of A-C  ullage  and  roll-control,  and 
no  one-jet  rotations).  The  crew  has the opportunity  to  approve and  change 

* The 4'/sec ra te  is fo r  CSM alone  only, 
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Table 3 -I  Rate  Dead-Band 

OC TA L DIG.IT 

OCTAL DIGIT 

RATE (O/sec) 

0. 0 5  

0 .05  

0. 2 
0 . 2  

0.5  

0. 5 

4 . 0  
4. 0 

Table 3-11 Quad  Management 

DEADBAND (* DEC) 

0. 5 

5 

0. 5 

5 

0. 5 
5 

0. 5 

5 

REGULAR SPECIAL PURPOSE 

J 

NO FAIL 
PSEUDO  FAIL 
HARD FAIL 
1LLEGAL:k (1) 
COMMANDS 

B-D ROLL 
ILLEGAL* ( 2 )  
ILLEGAL(< (3) 

ILLEGAL* (4) 

* 1) interpreted  as  a hard  fail 
2)  interpreted  as  a pseudo  fail  plus  B-D  Roll 
3 )  interpreted  as  a  hard  fail  plus  B-D  Roll 
4)  interpreted  as  a  hard  fail  plus  B-D  Roll 
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these  selections. 
Y An  illustrative  example of Noun is presented  below. 

R A B C D  
Noun 3 4 1 1 0  

R = 3  
A = 4 , C = 1  
B = l ,  D = O  
A = 4 ,  B = l  
A = 4 ,  B = l  

+ - 5' deadband, . 2'/second ra te  
Single jet pitch (A) 
Single jet yaw (D) 

Single jet roll (D) 
For  pre  -TVC operations,  ullage, is A -C, 
ro l l  is B-D. 

3. 2. 6 Jet  Selection  Logic 
The  reaction jets are identified  in  Figure  3- 8 . For the purpose of 

jet  selection we can  divide  the jets into  three  groups as shown  in  Tables 
3-111, 3-IV, 3-V, 3-VI. Each group's  rotational  effect  on  the  vehicle is 
essentially  independent  (ignoring  c. g. displa.cement  effects  in  the  presence 
of quad fails or  single-jet  operation). 

In the  case of ROLL, jets,  only one pair  of quads is used to perform 
rotations,  in  order  to  save  propellants.  These roll rotation  quads  use  the 
same  logic as pitch  and yaw rotation  quads.  The  remaining  pair,  the 
"roll ' '   translation  quads, are used  only  for  the  appropriate  translation 
when  there is no prejudice  to  rotations  being  performed  by  the  other  pair. 

3. 2. 6. 1 Pitch, Yaw, Roll  Rotation  Logic 

If any  quad of a rotation pair fails it is impmctical  t o attempt  trans- 
lations  since the resulting  rotation  torque  will  immediately  cause the control 
system  to  ask  for  an  opposite  torque.  Thus,  the first s tep of the  logic is t o  
ignore  translations  in  the  presence of reported fa.ils. (See Figure 3-  9 . ) 
Where  there is a failure,  no attempt is made  to  fire  jets  on the failed  quad, 
but an  increase is made  in  the  firing  time of the jet in  the  opposite  quad  to 
allow  for  the  reduced  torque. 

In order  to provide  single-jet  operations  in  attitude  hold,  the pro-  
gram  also  allows  for  pseudo  quad fails; however,  for  reasons  stated  above, 
these  must  be  discounted  in  the  presence of translations.  (Translational 
commands  will  automatically  clear  pseudo fails f rom CMC memory. ) The 
final  part  of the  logic is done  by  table  look-up.  Each  table is in  two  sections; 
rotations  with  translations,  and  rotations  with  failures.  (See  Tables 3-VI1, 
3-VIII, 3-IX, 3-X) 

The  torque  part of the  table is used  to  correct  f ir ing  t imes and to  
provide  correct  acceleration  estimates  to  the  a.ttittlde  rate 'filter, When 
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Quad 

A 
C 

. A  
C 

Quad 

B 
D 
B 
D 

- 

$uad 

A 
C 
A 
C 

Quad 

B 
D 
B 
D 

TABLE I I I 
Pitch  Jets  also Control f X Translation 

Jet Pitch Translation - - 
3 + -X 
1 + +X 
2 - +X 
4 - -X 

TABLE IV 
Yaw Jets  .also Control f X Translation 

- Jet Yaw Translation - 
7 + -X 
5 + +X 
6 - +X 

8 - -x 

TABLE V 
A-C Jets Controlling f Y Translation 

Jet Roll Translation 

13 + CY 
15 + -Y 
16 - -Y 
14 - +Y 

” - 

TABLE V I  
B-D Jets Controlling f Z Translation 

Jet  .Roll - Translation 

9 + +Z 

11 .i. -Z 

12 - -Z 
10 - +Z 
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9 ADD IN FAILS 

NO 1 
ADD IN TRANSLATIONS 

ADD IN ROTATION 
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T A B L E  LOOK UP 

I 

Fig. 3. 9 Logic for Rotation  Quads 
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Item 

1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
11 
12 
13 
14 
15 

It em 

1 
2 
3 
4 
5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 

Pitch 

0 
+ 
- 
0 
+ 
- 
0 
+ 
- 
0 
+ 
- 
0 
+ 
- 

Table 3  -VI1 
Jet  Selection for Pitch  Rotations 

X-Translation  Quad Fail 

Table 3  -VI11 
Jet  Selection  For YAW Rotations 

Je t s  

1 ,s  
23 4 
192 
1 
2 

33 4 
3 
4 

1 
4 

3 
2 

YAW X -Translation  Quad  Fail  Jets 

- 
0 
+ 
- 
0 
+ 
- 
0 
+ 

B 
B 
B 
D 
D 
D 

5 
8 

7 
6 

Torque 

0 
2 

-2 
0 

1 ,  
-1 
0 
1 

-1 
0 

1 
-1 
0 

1 
-1 

Torque 

0 
2 

-2 
0 
1 

-1 
0 
1 

-1 
0 
1 

-1 
0 
1 

-1 
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It  em 

1 
2 
3 

4 
5 
6 

7 
8 

9 
10 
11 
1 2  
13 
14 
15 

It em 

1 
2 
3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 

Table 3-IX 
Jet  Selection for A-C Quad  Roll 

Roll Y -Translation Quad Fail   Je ts  

0 0 
+ 0 13,15 

0 14,16 
0 + 13 , 14 
+ + 13 

+ 14 

- 

- 
0 
+ 
- 
0 

+ 
- 
0 
+ 

Roll 

0 
+ 
- 
0 
+ 

16,15 
15 
16 

A 
A 15 
A 14 
C 
C 13 
C 1.6 

Table 3 -X 
Jet  Selection for B-D Quad Roll 

Z-Translation  Quad  Fail  Jets 

I 

B 
B 
B 
D 
D 
D 

9 , l l  
10,12 
9,lO 
9 

10 
11,12 
12 

11 

11 
10 

-9 

12 

Torque 

0 
2 

-2 
0 

1 ’  
-1 
0 
1 

-1 

0 

+1 
-1 
0 
1 

-1 

Torque 

0 

2 
-2 
0 
1 

-1 
0 

1 
-1 
0 

1 
-1 
0 

1 
-1 
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two jet X-translation is required,   the  X-transhtion wi l l  normally  be  per- 
formed  by  the  same  quads  used  to  satisfy  the roll  commands. If a failure 
(pseudo o r  real) is present  however,  the  translation  will  be  performed  by 
the  alternate  quad  pair  provided no real fai lures  are present  on  these  quads. 

3 .2 .  6. 2. "Roll"  Translation  Quad  Logic 

If the  unused  roll  quad  pair has a translation  demand (+ - Y,on  A-C 
o r  + Z on  B-D),  then, we determine the appropriate jets to  fire, allowing 
for  failures,  by  reference  to  a  table  (See  Figure 3-10 and Tables 3-XI 
and 3-XII). A s  can  be  seen,  in cases of failure, we introduce  a  roll  torque 
and  thus, we must not make  the  translation if a previous  roll  demand is 
nullified. 

- 

3, 2.7. Counters  and  Timing  for  the RCS DAP 

Counter  T5 is provided  for  timing the iteration rate of the RCS 
digital  autopilot  and  other  autopilot  programs.  The  counter  may  be set to  
any  number,  and is incremented at 100 pps  causing  an  interrupt  (T5  RUPT) 
on  overflow.  Counter  T6 is provided  for  timing  the  length of fir ing of the 
Reaction  Control  jets.  The  counter  may  be set to  any  number,  and is 
diminished at 1600 pps when  the  T6  activity  bit is set. When the counter 
reaches  state  zero,   an  interrupt  occurs  on  the next  pulse (T6 RUPT)  and 
the  activity  bit is knocked down. 

A t  the  beginning of each  T5  interrupt  the GNC A / P  Control  discrete 
is examined. If no spacecraft  control is required,  T5 is reset   to   sample 
again  in one  second. A switch is a l so  set to  allow for  the  initialization of 
the  autopilot  variables upon resumption of GNC control,  During  this 
initialization  phase  (phase 01, all appropriate  variables,  counters,  flags 
and  switches  are  initialized.  In  addition  the  Kalman filter is activated  to 
reestablish the angular  rate  estimates  within one second.  During  this 
period  normal  autopilot  operation is inhibited.  Refer  to  Figure  3-1 1. 

Because cf the  length  oft he T5  interrupt  program it has been  divided 
into  two  parts,  phase 1 and  phase 2, to  prevent  excessive  delays  in  the 
execution of other  interrupts.  During  phase 1, T5 is reset to  begin  the 
execution of phase 2 in 20 ms.  The  vehicle  angular  rates  are  then  com- 
puted  (in  control  axes)  and  the  program  updates the att i tude  error  displays 
on  the FDAI. Every  tenth  i teration a program is called  under  the  executive 
to  compute  the  gimbal-to-control  axis  transformation  matrix,  The CMC 
is then  allowed  to  resume its p r e v i a .   a c t i v i t y .  
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NO 9 TABLE LOOK UP 

N O  
ADD  TRANSLATION 

4. 

Fig. 3. 10 Logic for "Roll" Translation  Quads 
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3 -XI A -C Y -Translation Only 

It em 

1 
2 
3 
4 
5 
6 
7 
8 

9 

It em 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Translation  Quad  Fail  Jets 

0 

+Y 
-Y 
0 

+Y 
-Y 
0 

+Y 
-Y 

13,14 
15,16 

A 
A 14 
A 15 
C 
C 13 
C 16 

3 -XI1 B-D Z-Translation  Only 

Translation  Quad  Fail - J e t s  

0 

+Z 
-Z 
0 

+Z 
-Z 
0 

+Z 
- Z  

9,lO 
11,12 

B 
B 10 
B 11 
D 
D 9 
D 12 

Roll  Torque 

0 

0 

0 

0 

-1 
+1 . 

0 
+1 
-1 

Roll  Torque 

0 

0 

0 

0 

-1 
+1 
0 

+1 
-1 
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During  phase 2, T5 is reset  to  begin  execution of phase 1 in 80 ms. 
Thus,  T5  alternates  between  phase 1 and  phase 2 with a basic  iteration 
rate of 100 ms. If manual  rotation  commands  are  present,  they are pro- 
cessed  in a manner  appropriate  to  the  mode,  and a flag is set indicating  to 
the  attitude  hold  logic  that a new attitude is being set, to  be  ca.lled  for  on 
resumption of attitude  hold. 

Alternatively, if there   were no rotation  hand  controller  demands,  the 
modes  are  examined,  and if in  "Auto", automatic  maneuvers are processed; 
if in  "Hold", a reference  attitude is held; if in  "Free",  the  minimum  impulse 
controller  inputs are examined  and  the  jet  selection  logic  made as before. 
The  f ir ing  t imes are then  computed  and  other CMC activity  resumed. 

3 .   2 . 7 .  1 Manual  Controls. 

The  manual  control  input  bits  are  sampled  every  iteration of the 
T5  interrupt, i. e. , every 0. 1 seconds,  except  for  the GNC control  bit, 
which is sampled  once  every  second after it has  been  turned off. The 
minimum  impulse  controller is sampled  only  when  in  the  "Free"  mode. 
A s  a resul t  of the  sampling,  manual  controls  will  be  quantized  in  time, but 
so rapidly  that  the  quantization  will not be  apparent  to  the  crew. 

In the  "Free"  mode  both  the  rotation  and  translation  controllers 
will  result  in  vehicle  acceleration.  The  combination of rotations  and  trans- 
lations is discussed  in  subsection 3. 2. 6. the  Jet  Selection  Logic.  The 
minimum  impulse  controller  fires a single  pulse (14  msec)  of rotation  for 
each  occurrence of the  discrete, i. e. , the  controller  must  be  returned  to 
the  central  position  giving a zero  discrete   before   anotk r pulse  can  be  fired. 
Single-jet  operation is obtained  by  the  use of pseudo fails as described  in 
subsection 3.2. 5. In the  "Auto''  and "Hold" modes  the  rotational  hand 
controller is mechanized  to  give a fixed  rate  on  each  axis.  This  rate  may 
be  chosen  from a discrete  set .   The  desired  rate is compa.red  with  the 
rate as derived by the filter, and, if the  difference  exceeds  some thres- 
hold,  the  reaction  jets  are  fired  for a length of time to   reduce  the  ra te  
error.  The  magnitude of this  threshold is based upon the  current  estimate 
of the rol l  inertia of the  spacecraft. A s  explained  before, a flag is set by 
a manua.1 rotation  to  indicate a.  new desired  attitude on return  to  the  att i tude 
hold. 

* 

3 . 2 . 7 .  2 Jet   Timing 

Each  T5  iteration  cycle, the jet  selection  logic  generates  two  words 
of.   instruction  for  each  axis of control:  "Word  9ne"  indicates  the jets to   be  
fired  for  combined  rotations  and  translations,  "Word Two" .indicates  which 
jets a r e  GO be  fired  for  translation  only, 

96The rate deadband is + 3 / 2  (minimum  impulse  torque)/(I-roll),  in  which I 
is manually  loaded. - 
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The  duration of the combined  translation  and  rotation  command, tf, includes 
the  corrections  for  the  number of jets used  in  generating  the  required  torque 
(see section 3. 2. 6. 1 ). Note that all jet  firings  a.re  limited  to a minimum 
of 14 ms   to   assure   the   f i r ing  of at least  a minimum  impulse  and  the  reversal 
of rate  in  the  limit  cycle.  (See  Figure 3- 12. ) 

If the  firing is less than 0. 1 seconds,  the  feedba.ck  acceleration 
t ime  for  the rate  derivation is set equal  to  the  command,  plus  any  effect 
due to  unbalanced  translation,  and  the  rotation  comma.nd is zeroed.  Other- 
wise t is l imited  to 0 .1  seconds,  the  command is proportionately  diminished 
and  the  angulhr  feedback  acceleration set equal  to  the  number of rotation 
jets  scaled  by  the  sampling  interval of 0. 1 seconds. 

f 

If the  f ir ing  t ime is not zero,  the  T6  counter is set to   interrupt  
after that  time,  the  jet  control  channel is loaded  with  "Word  One",  and tf 
is zeroed. On  the. occurrence of the  T6  interrupt  "Word  Two''  replaces 
"Word  One"  in the channel. 

In practice  the  T6  counter is shared  between three control  axes.  
When  there is more  than one fir ing  to  be  t imed,  the  shortest  is loaded  into 
T6 first. Subsequently,  the  counter is loaded  with  the  differences  between 
times.  However,  the  words are changed at the  appropriate  time as before. 

3. 2 ,  7. 3. Automatic  Thrusting  with  the RCS DAP 

F o r  small   values of V o r  in  the  ca.se of contingencies,  an  automatic 
g 

TVC  maneuver  using the RCS autopilot  may  be  employed. In this  instance 
the  steering  equations  will  develop  the CDU desired  angles  and  the V 
program  will   generate the automatic  translationa.1  commands.  The 
autopilot  in  turn  will  process these commands-  in a manner   s imilar   to   the 
manual  translation  discretes.  The  automatic  command  mast  also  specify 
the  number  jets  to  be  used  in performingx-translation. In the case of 
ullage  two  jets  will  be  used. 

g 
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3. 3 TVC  Digital  Autopilots 

During  SPS  thrusting  periods of the CSM, the CMC generates 
vehicle  attitude  commands  and  compares these commands  with  the IMU- 
measured  vehicle  attitude  to  generate a set  of a t t i tude  errors   expressed as 
rotations  about  the  pitch, yaw, and rol l  axes  of vehicle.  These  attitude 
e r rors   a re   genera ted   in   th ree   s teps :  

1. Transform  the  CMC-generated  increments  in  attitude  command 
into  equivalent  angular  increments of the IMU gimbals. 

2. Accumulate  the IMU angle  command  increments  and  compare 
with  the  measured IMU angles. 

3. Transform the angular   e r rors  of (2) into  pitch, yaw and  roll 
e r r o r  about  the body axes. 

The CMC t r e a t s  the control of each of the   th ree   a t t i tude   e r rors   as  a 
separate  problem.  Three  independent  control  signals  are  generated by the 
computer  to  control  the  vehicle  about  the  pitch, yaw and roll axes  in 
accordance  with  the  attitude  errors  about  these  axes. 

Implementation of roll   control is achieved  by  reaction jets whose 
firing is controlled by a separate roll autopilot  program  in  the CMC computer, 

Control of the  pitch  and yaw attitude of the  vehicle is achieved  by 
pitch  and yaw deflections of the  gimballed  rocket  engine of the CSM. These 
engine  deflections  are  produced  by  pitch  and yaw gimbal  servos  whose  com- 
mand  signals are generated by  independent  pitch  and yaw autopilot  programs 
in  the CMC computer. 

3. 3 . 1  TVC DAP Design 

The TVC  DAP programs  must  fulfill  the  primary  requirement of 
operating in  conjunction  with  the  external  guidance  loop  to  provide 
sa.tisfactorily  small  velocity  pointing  errors  at  thrust  cutoff.  The  DAP 
programs  must  also  limit  excursions  in  vehicle  attitude  and  in  thrust 
vector  in  such a way as  to  minimize  propellant  usage,  gimbal-servo 
clutch-wear  and  crew  malaise.  The  regulation of the ro l l  angle  within 
+ - 5 degrees of a preset  value by a simple r o l l  control  program is sufficient 
to  prevent  adverse  cross-coupling  between  pitch  and yaw controls  resulting 
from  the  effect of rol l   t ransients  on  the CMC matrix  transformations 
employed  to  generate  pitch  and yaw at t i tude  errors ,  

The  DAP  programs  must  operate  with  uncertainties in initial  con- 
ditions  and  with  vehicle  characteristics  which  are only roughly  defined 
pr ior   to   the 278 flight  and  which  also  vary  with  time  during  the  flight. 
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3, 3,  1. 1 Uncertain  Initial  Conditions 

The  performance of the TVC DAP programs is perturbed by the 
following  uncertainties  at SPS engine  ignition: 

1, Misalignment of the  thrust  vector  relative  to  the  vehicle  center- 
of-gravity,  Prior  to  thrust  initiation,  the CMC supplies  trim 
signals  to  the  engine-gimbal  servos  which  orient  the  thrust 
vector  through  the  estimated  position of the  vehicle c .  g. 

An e r r o r  in  the  c. g. estimation  and a misalignment of the 
engine  thrust  vector  relative  to its nozzle  center  line  can 
combine t o  produce as much as one-degree  misalignment of 
the  thrust  vector. 

2. Initial  turning  rates  in  roll,  pitch and  yaw.. . Out-of-nominal 
RCS-jet  performance  during  ullage  may  lead  to  turning  rates. 
at SPS ignition of  up to  one degree-per-second. 

3. Slosh-mass  displacement. . , Initial  displacements of the  fuel 
and  oxidizer  slosh  masses in the CSM tanks  may  be as much 
as 0.27 times  the  radius of the  tanks. 

3, 3. 1. 2 Variation  in  Vehicle  Characteristics 

The  dynamical  characterist ics of the  CSM-LM  docked  vehicle are 
sufficiently  different.from  those of the CSM alone as  to  require  the  develop- 
ment of separate  autopilot  programs  tailored  to  the  characteristics of each 
vehicle.  The  three  principal  differences  in  the  two  vehicles are: 

1. 

2. 

The  bending  mode  frequencies of CSM-LM  vehicle a r e  as low 
as  approximately 1 cps,  while  the  bending  mode  frequencies 
of the CSM alone are   more  than a decade  higher. 
There  are  substantial  differences  in  the  moment  arm of the 
gimballed  engine  to  the  center of gravity  and  in  the  vehicle 
moment of inertial  between  the CSM and  CSM-LM  Vehicles, 
A s  a result  of these  differences a given  deflection of the 
gimballed  engine of the CSM alone  produces  almost 4 t imes  
the  angular  acceleration  which would  be produced by the  same 
deflection  in  the CSM-LM vehicle. 
The  fuel  and  oxidizer  slosh  picture  in  the  CSM-LM  vehicle is 
different  from  the CSM alone,  because of the  additional  slosh 
masses  in  the LM tanks  and  the  effects of the  increased 
mass of the  overall  vehicle, 

3 - 3 0  



The  problem of minimizing  the  excitation of slosh  modes  and 
preventing  any  de-stabilization of these  modes is of comparable  importance 
in  both CSM and  CSM-LM  vehicles.  The  problem of avoidingthe  excitation 
of the  bending  modes  and  preventing  their  potentially  de-stabilizating 
influence is pr imari ly  a problem  in CSM-LM  autopilot  design. 

The  Pitch/Yaw DAP design f o r  the CSM alone is presented  in 
Section 3. 3. 2. The  Pitch/Yaw  DAP  design  for  the  CSM-LM is presented 
in  Section 3 .  3 .   3 .  

3. 3. 1. 3 The  Autopilot  Programs  and  Associa.ted  Guidance  Equations 

Programming  implications of the  autopilots  and  guidance  system, 
computer  utilization,  and  flexibility of performance  are  discussed  in 
Section 3. 3, 5.  The  stroking  test  to  definitively  determine CSM-LM bending 
modes is discussed  in  Section 3. 3. 6. 

3. 3, 2 CSM Pitch-Yaw  Autopilot 

Figure  3-13  shows a. schematic  block  diagram of one  channel 
(pitch or  yaw) of a pitch-yaw  autopilot  which  ca.n  serve a.s a basis   for  
describing  the  autopilots of both  the CSM and CSM-LM vehicles. For the 
sake of simplification  this  diagram  neglects  the  various  transformations 
involved  in  generating  the  pitch  and yaw att i tude  errors,  a.nd t reats   these 
e r r o r s  as if they  were  generated  by  the  comparison of command  and  feedback 
signals  expressed  in body coordinates.  The  role of the CMC computer  in 
this  autopilot is to  perform a dynamic  filtering  operation  on  the  sampled 
at t i tude  error ,  e W ,  a.s required  to  genemte a suitable  sampled  command 
ta  gimbal-servo, gc:K(t). A digital-to-ana.log  converter  changes  the  gimbal 
servo  command  signal to  an  analog  voltage  which  it  holds  for  each.  sample 
period.  The  output of this  digital-to-analog  converter is quantized  with 
increments Of 0 .  0237 degrees.  Both  the  command  signal  and  the  feedback 
signal  are  also  quantized,  with  increments of . 0111 degrees. 

The  operation of the CSM autopilot is best  explained  in  terms of 
the  mathematical  tools  by  which  the  autopilot w a s  designed.  The  design of 
the  autopilot  was  carried out  in t e r m s  of a linearized  model of the  vehicle, 
engine  gimbal  servo,  and  autopilot  filter  which  neglected  the  signal 
quantization  and  other  non-linearities  in  the  eingine-vehicle  system.  Using 
this  linearized  model,  the  characteristics of the  digital  filter  and  the 
engine-vehicle  system  can  be  described in t e r m s  of pulse  transfer  functions, 
which  can  be  conveniently  combined  to  describe  the  overall  system.  The 
use of these  pulse  transfel  functions  to  describe  the  system is il lcstrated 
inFigure 3-14. Here,  the  transfer  function of the  vehicle  plus  engine  gim- 
bal  servo  plus  digital-to-analog  convertcr is represented by the  pulse 
t ransform G*(s). 

3-31 



S Y N C H I O N I Z E D  U M R C R S ,  
SAMPLING  PERIOD = T 
/ _""""""_"" - _"" 1- "-""" "" 

1 
I 1 ATTITUDE 

B I A S  
/ 

D Y N A M I C  CHARACTERISTICS 
OF T H E   E N G I N E   G I M B A L  
S E R V O   A N D   T H E   V E H I C L E  

I 

F I L T E R  

V ( r l  
OUTPUT / 'ENGINE OUTPUT / 

' I  

J 

i 

Fig. 3. 13  Simplified  Schematic  Block  Diagram of One  Channel 
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This  transform  may  be  alternatively  expressed  as  the z t ransform,  

or  in   t e rms  of the w transform, 

D(w). The  open-loop  transfer  function of the  autopilot  system is then  given 
by the  product of the  two  component  transfer  functions, e. g. , D(w)G(w). 
The  overall  transfer  function of the  system is given  by 

The  autopilot  design  can  be  described  and  analyzed  conveniently  either  in 
t e r m s  of the z t ransforms or  in   t e rms  of the w transforms.  The z t ransforms 
offer  the  advantage  that  D(z)  can  be  translated  directly  into  computer 
program  equations.  The w transforms,on  the  other  hand  offer  the  advantage 
that  the  characteristics of the  engine-vehicle  system  and  any  variations  in 
these  characterist ics  can  be  readily  expressed  in  terms of the  poles  and 
zeros  of G(w). 

It can be  shown  that  G(wOw =ju  = G(ju)  when  plotted  versus u f o r  

O <  u < 00 represents  the real frequency  response of the  sampled  engine- 
vehicle  system  over the real frequenee  range 0 < w < w / 2  

That is, 

Real-frequency  response  function = 

S 

G*(jw) = G(j .) 
J " U T  for u = tan 

where 
T = sampling  period,  seconds 

ws = 2.rr = sampling  frequency,  radiansjsecond 

Similarly,  the  substitution of u = tanT  t ransforms U T  

D(ju)  G(ju)  and  into  open  loop  and  closed  loop  real-frequency D( 'u) G( ju) 

response  functions. It should  be  noted  that  for  most of the  frequencies of 
interest in the  autopilot  design  the  relationship  between u and u may  be 
approximated by U T  

u = T [ where  u<< 11 
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The  conventional,  open-loop  frequency-response  methods of design 
which  have  been  developed  for  continuous-data  systems  have  been  applied 
also  to  the  sampled-data  autopilot,  using  D(ju)G(ju). 

The  selection of the  compensa.tion  filters  for  the CSM alone a.nd for  
the  CSM-LM  docked  vehicle is strongly  influenced by stabil i ty  requirements.  
These  requirements  are  conveniently  described  in  terms of the  open-loop 
phase  characterist ics in  the  vicinity of the  frequency  values  where  the  open- 
loop  magnitude  approaches o r  c ros ses  0 db. 

In the  case of the CSM alone,  the  magnitude of the  uncompensated 
function, G(ju), drops off with  frequency  roughly as 1 / u 2  out to  the  slosh 
frequency  range,  andthen  somewhat  beyond  this  ra.nge.  The  slosh  resonances 
occur  near u p 0. 09 (or o = 4. 5 ra.d/sec).   Here,   there are severa l  
closely-spaced,  complex  zero-pole  pa.irs  produced  by  fuel  and  oxidizer  slosh 

, in  the CSM storage  and  sump  tanks. In t k  case of Flight 278 only  the  sump 
tanks  will  be  filled,  producing  two  slosh  modes,  each  resulting  in a complex 
zero  pair  followed  closely  (in  frequency)  by a complex  pole  pair,  Above  the 
slosh  frequency  range,  the  slope of the  magnitude  drop-off  becomes  more 
steep as the  result  of the  poles of the  engine  gimba.1  servo,  Present  bending- 
mode  data  indicates  that  the CSM bending-mode  resonances  can be 
neglected  in  their  effects  on  the  autopilots  stability  and  control  characteristics. 

The  phase  shift of the CSM open-loop  function,  G(ju), starts at a low- 
frequency  value of -180 degrees,  produced  by  the  rigid-body  rotation  relation- 

ship.  The  time  lags of the  engine  gimbal  servo  cause  this  negative  phase 
shift  to  increase  steadily  in  the  range of frequency  affected  by  the  compensa- 
tion filter. The  zero-pole  combinations  resulting  from  slosh  cause  the  phase 
angle  to rise almost  abruptly  by  nearly 180 degrees at the  slosh  zero  frequency 
and  to  decay  with  the  same  steep  slope  at  the  pole  frequency.  Thus,  the 
effect of the  slosh  zero-pole  combination is to  add a narrow,  almost  square, 
positive  pulse  in  phase  a.ngle of nearly 180 degrees  amplitude, t o  the  open- 
loop  phase  angle  curve  that would occur  in  the  absence of slosh. 

The  digital  filter  function of the  autopilot  program  for  both  pitch  and 
yaw control of CSM alone is a simple, first- order ,   z- t ransform  t ransfer  
functiona, 

whose  w-transform  representation is 

'K The  autopilot  program is so mechanized  that  the  filter  may  be  extended 
to  a third-order  filter  by  ma.nipulation of erasable  memory.  The 
generalized filter must  have  poles  in  the  unit  circle  and  zeroes  in  the 
double  unit circle.  
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This filter employs a sampling  time of T = 0.04 seconds,  resulting  in a 
low-frequency  proportionality  between  the real frequency, w , and  the  non- 
dimensional  frequency, u [ w = ju ] given by 

2 2 
w =  T u =   u =  5 o u  

The  gain  factor of the  f i l ter  is selected  to  produce a 0-decibel  crossover of 
the  open-loop  transfer  function,  D(ju)G(ju), at u = 0. 03 or IJ = 1. 5 rad/sec.  
f o r  a 26% full CSM. The CMC automatically  changes  this  gain  factor as a 
function of time  during  the  thrusting  periods so as to  maintain  the  crossover 
frequency at approximately  the  same  value. 

The  lead-lag filter function is designed  to  shape  the  open-loop  phase 
shift at the  main  0-db  crossover  frequency  and  in  the  vicinity of the  slosh 
resonances. A positive  phase  margin of 40 degrees  (where  phase  angle 
= -180 + 40 degrees) is produced  at  the  main  crossover  frequency.  The 
no-slosh  phase  angle is maintained at about  -150  degrees  in  the  slosh  region, 
as required  to  provide  over 30 degrees  positive  phase  margin  where  the 
slosh  resonance  peak  crosses 0 db. 

The  above filter function  appears  to  give  satisfactory  response 
characteristics  both  with  and  without the guidance  loop for  the  conditions 
of Mission 278. 

A s  mentioned  previously, one of the  major  obstacles  to  be  overcome 
by the  digital  autopilot is the  effect of a n  initial error  in  the  alignment of 
the  thrust  vector  through  the  vehicle  center of gravity.  This  misalignment 
causes  the*att i tude  error  to  increase  from  i ts   init ial   value of zero  to  approx- 
imately d cg/Kss,  where S c g  is the  angular  misalignment of the  thrust 
vector  and K is the  steady state gain of the  digital filter, a s  given by: ss 

Kss = D(w)Jw = = D(zDz = 1 

Thus,  in  the  steady state, the  value of the:att i tude  error  must  be  such that 
the  resulting  output of the  digital filter produces  an  engine  deflection  which 
is equal  and  opposite  to  the  initial  thrust  misalignment. It is important  to 
note  that  this  steady  state  attitude  error  produced by thrust  misalignment 
does not in  general  mean a steady state pointing error  in  the  velocity of the 
guided  vehicle,  because  the  external  guidance  loop w i l l  act  to  readjust  the 
attitude  command  signal  to  the  autopilot  to  compensate  for  this  attitude 
error.  However,  the  pointing  error  can  be  appreciable  during  the  short 
thrusting  periods  when there is insufficient  time for the external  guidance 
loop  to  react  to  the  thrust  vector  misalignment  before  thrust  cutoff. 
Investigations of the CSM autopilot  with  a  closed  guidance  loop  for  short 
thrusting  periods  indicate  that  the  resulting  pointing  errors are acceptable 

I (  I 
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f o r  Apollo  missions. 
The  value of Kss based  on  the  above  compensation  function is 0. 146, 

which  gives  an  approximate  steady-state  attitude  error of 6.87 degrees   per  
degree of misalignment of the  thrust   vector.  
3. 3. 3. CSM-LM  Pitch-Yaw  Autopilot 

One of the  problems of generating a final  design  for  the  pitch-yaw 
autopilot of the CSM and  CSM-LM  vehicles  has  been  the  uncertain  nature 
of the  data on vehicle  characteristics.  The  uncertainty  in  data  has  had a 
more  severe  effect  on  the  design of the  CSM-LM  autopilot  than it has had  on 
the  design of tile  autopilot of the CSM alone. Of very  great   concern is the 
uncertainty  in  the  bending  mode  characteristics of the  CSM-LM  vehicle. 
The  autopilot  design is predicated upon the  theoretical   spacecraft   character-  . 
istics presented  in  Section 6. If minor  modifications  in the vehicle  data 
occur  before the Mission 278 flight,  they  can  be  accommodated  be  means 
of manipulation of coefficients  in  erasable  memory. 

The  problem of selecting a compensation  filter  function  for  the 
CSM-LM system is complicated  by  the fact that  the  bending  modes of this 
vehicle  system  occur at lower  fre.quencies  than  those of the CSM alone,  and 
therefore  can not be  neglected  in  the  compensation  design.  The  most  recent 
theoretical  estimates  indicate  that  the first bending  mode  frequency  may  be 
as low as 1 cps, which is only a factor  of two  above the slosh-resonance 
region  (near 0 .5  cps).  The  problem is further  complicated  by  the fact that 
the  values of the  bending  mode  frequencies  are  presently  somewhat in 

doubt,  pending the completion of new theoretical  estimations. 
The  present  uncertainty  in  the  degree of separation of the  bending 

mode  frequencies  precludes  consideration of any  approach  to  compensating 
these  modes  on  an  individual  basis,  either by adaptive o r  non-adaptive  con- 
trol  functions.  Furthermore,  uncertainties  in  the  data  also  preclude  any 
assumptions  on  the  phase  behavior of the  higher  order  bending  modes, as 
required  for  their  phase  stabilization.  Only  the first bending  mode  can  be 
safely  phase-stablized at this  time;  the  remaining  modes  must  be  gain 
stabfized  (by  attenuating  their  peaks  below 0 db). 

An  autopilot  design  whose  stability is essentially  insensitive  to 
vehicle  bending  characteristics is planned for   Fl ight  278. This  design is 
based  on a drast ic  drop-off  in  open-loop  gain  starting  below  the  slosh 
frequency,  which  produces a very  conservative ga.in stabilization of the 
bending  modes at 1 cps  and  above,  The  filter  function  also  provides a 
phase  stabilization  in  the 0.5 cps   to  1 cps  region  which  allows  the first 
bending  mode  to  be  lower  than its “lcps  estimated  value.  Slosh  mode 
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stabilization is achieved  by a combination of gain  and  phase  shaping.  The 
insensitivity of this  autopilot  to  bending  characteristics is accomplished at 
the  expense of a decreased  autopilot  bandwidth  and a decreased  d-c  gain of 
the  filter  function  (compared  to  the CSM alone  system).  These.performance 
degradations would  significantly  impair  the  system's  ability  to  compensate 
for  thrust   vector  misalignment  were it not for  the  addition of a special  CMC 
computation  feature  that  corrects  for  this  misalignment  independent of 
autopilot  action.  The  logical  process  leading  to  the  selection of the  Flight 278 
Compensation is outlined  below,  followed  by a detailed  description of the 
278 autopilot  functions, 

The  use of a lead  compensation  such as that  employed  for  the CSM 
alone is not suitable  for  the  CSM-LM  because of the  need  to  gain  stabiliae 
the  higher  order  bending  modes.  The  lead  stabilization  diminishes  the  slope 
of the  gain  drop-off  beyond  the  main 0 db crossover  frequency.  With  this 
reduced  slope,it is necessary  to  lower  the  crossover  frequency  very 
drastically in order  to  achieve  the  required  attenuation at the  bending  modes. 
It can  be  shown  that  the  required  crossover  frequency is unacceptable, 
regardless  of whether  the  first  bending mo'de is phase-lead o r  gain  stabilized. 

If the first bending-mode  frequency  were  appreciably  higher  than 
its presently  estimated  value of 1  cps - of the  order of 2 cps - then a 
modification of the CSM - alone  lead  function w m l d  be  possible  that would 
phase  compensate  the  first  bending  mode,  gain  compensate  the  higher  modes 
and  allow  the  lead  compensation of the  slosh  mode  to  be  retained,  This 
modification  would  involve  an  appreciable  but  tolerable  reduction  in  the 0 db 
crossover  frequency  and  an  accompanying  reduction  in  the  break  frequency 
in  the  numerator of the  lead  compensation  function.  The  modification would 
replace  the  single  order  pole  in  this  function by two underdamped,  complex 
pole  pairs  whose  natural  frequencies  occur  between  the  slosh  and first 
bending  modefkequencies.  The  added  poles would produce a very  rapid 
change  in  the  phase  angle  between  the  slosh  and  bending  resonances, By 
the  proper  choice of natural  frequencies  and  damping  ratios  for  the two 
pole  pairs it is possible  to  achieve  almost  any  desired  phase  angle as 
required  to  phase  compensate  thef irst bending  mode  resonance ,. Further-  
more,   the  drastic  increase  in  the  rate of gain  drop off produced by these 
poles  facilitates  the  gain  compensation of the  higher  order  bending  modes. 
The  shape of the first bending  mode is such  that  a  positive  ex.cursion  in 
phase  angle of almost +180 degrees is produced by the  zero-pole  combination 
result ing  from  this mode. The  phase  stabilization of this  mode  may  be 
said  to  require  that  the  resulting  open  loop  phase  angle  come no closer  than 
+ - 35 degrees   to  180 degrees.  This  requirement  means  that  the  phase  angle 

, \ .  
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just  prior  to  the  bending  zero-pole  combination  must be between  -35 
degrees  and -145 degrees.  Assuming  that  the  open  loop  phase  angle  just 
following  the  slosh  frequencies is -180' t- 35' = -145', the  needed  phase 
change  for first bending  mode  compensation  ranges  from -250' to 360'. 
This  range would seem  to  give  ample  leeway  for  the  selection of the 
compensation  pole  pairs.  However,  this  compensation  approach  offers 
one main  difficulty:  the  undesirable  peaks  in  magnitude  resulting  from  the 
fact that  the  compensation  poles are underdamped. If the  slosh  and  bending 
frequencies are closer   to   each  other ,  a more  rapid  change  in  phase  yersus 
frequency  chan,qe is required,  necessitating  smaller  damping  ratios  in  the 
poles.  The  presently  specified  value of 1 c p s   f o r  the first bending  mode is 
not considered  sufficiently  separated  from the slosh  region  for  adequate 
stability  margins  to  be  produced by this  compensation  approach.  That is, 
the  resulting  resonance  peaks  between  the/  slosh  and  bending  frequencies 
would  be  too  close  to 0 db. This  compensation  approach  might  be  worth 
reconsidering if the new estimations  give a first bending  mode  frequency 
nea.r 2 cps. 

It should  be  pointed  out  that  one  other  approach  exists  for  producing 
a rapid  negative  phase  change  between  the slosh and first bending  mode 
frequencies,  This  approach  employs  an  added  complex  zero  pair  with a 
positive real part,  in  conjunction  with a complex  pole  pair  having a 
negative  real  part.  This  alternative  approach  offers  the  possibility of 
avoiding large resonance  peaks  in  producing a large  phase  change,  However, 
the  compensation  does not provide  the  needed  increase  in  gain,  drop-off 
rate  required  for  gain  stabil izing the higher  order  bending  modes,  and 
therefore w a s  rejected fo r  Flight 278. 

The  foregoing  discussion  has  covered  the  various  methods of 
compensating  the  bending  modes  that  would  not  alter  the  CSM-alone  approach 
of lead  compensating  the 0 db crossover  and  the  slosh  modes. A l l  of these 
methods  have  been  rejected on the  basis of present  bending  mode  data. 

The  next  logical  step  in  compensation  design is to  consider the 
possibility of altering  the  slosh  mode  compensation.  The  present  state 
of the  uncertainties  in the bending  mode  data  tends  to  rule  out all but  one 
such  possibility.  This  approach  involves a drastic  reduction  in  both  gain 
and  phase  prior  to  the  slosh  mode,  produced  by  two  underdamped,  complex 
pole  pairs.  The  damping  rationof 0 .  5 is employed  in  these  pole  pairs  to 
provide  the  maximum  rate of change  in  the  open-loop  phase  angle  consistent 
with a requirement of  no peaking  in  the  open-loop  gain.  This  compensation 
produces  an  open-loop  phase  angle of  "35 degrees  in  the  slosh  frequency 
region,  thereby  phase  stabilizing  the  slosh  modes. It also  produces  an 
attenua.tion of roughly'  -30 db  in  the  slosh  region,  which  may  be  sufficient 
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to  gain  stabilize the slosh  modes.  The  very  rapid  drop-off  in  gain  above 
the  slosh  frequency is more  than  sufficient  to  gain  stabilize  any  bending 
mode occurring  at 1 cps  and  above.  The  filter  function  even  guards  against 
the  possibility of a first  bending  mode less than 1 cps by providing a phase 
stabilization of such a bending  mode  between 0.  5 cps and 1 cps. 
Unfortunately,  the  added  phase  angle  at low frequencies  produced by these 
compensation  poles  requires a reduction  in  the 0 db crossover  frequency 
(to f = 0.05  cps)  and  an  accompanying  reduction  in  the  break  frequency of 
the  single  zero  that  provides  the  phase  lead  at  the  main  crossover  frequency. 
These  reductions  decrease  both  the  bandwidth  and  d-c  gain of the  compen- 
sation  filter  to  the  point  that  the filter is no longer  ca.pable of compensating 
for  the  effects of an  initial  thrust  misalignment,  Thus,  the  d-c  gain of 
the filter implementing  this  approach is only -0. 03 for  a 42% full CSM-LM 
yielding a steady-state  at t i tude  error of -33 degrees  per  degree  misalign- 
ment of the  thrust  vector.  However, a method to  compenstate  for  this 
deficiency  has  been  developed.  This  method  employs a computer  program 
to  generate  an  estimated  correction  to  the  initial  gimbal  trim  signal, as 
shown  in  Figure 3-15. The  correction is computed  and  inserted  approximately 
2-3 seconds after thrust initiation (after thrust  has  reached a steady-state 
condition  and  after one period of slosh  oscillation  has  elapsed. ) 
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The  t r im or  gimbal  bias  correction  computation is based  on  the 
double  integration of a  simplified  rigid-body  equation of motion: I 

L/ 

I 8 = T 1 x [$: (t) + 5' bc] 
* .  

in  which 
J I = moment of inertia  about  the  appropriate  axis 

8 = vehicle  angular  acceleration  about  the  appropriate  axis 
T = engine  thrust 
jX = moment a rm  ( f rom hinge - point  to c. g. ) 

&$)= \ d c ( t -  7) 
7 = approximate  time  delay  for  engine  gimbal  servo ' 

.. 

&@= engine  gimbal  command  supplied  by  autopilot  filter 
gbC= initial  offset of the  thrust  vector  (to  be  computed as bias  

correction). 
Integration of the  rigid-body  equation  gives 

t 
0 (t) = + K J Ql(t)dt + [ K ] $be + e(0) 

t2 
d 

0 

,_.' 

X = dummy  variable of integration 
K = T i x / I  

The  evaluation of this  relationship at t = 0, t = 7 and t = 2T0 yields 
8(2T0) - 2 @(TO) + e(0) d:$t)dt - j r$( t )dt  

'bc = 
- 0 

KT: ' T O  2 

This  expression is evaluated  by  the CMC from  the  measured  autopilot 
system  behavior  over a 2To  sec.  period. 

The  effects of propellant  slosh  were not  included  in  the  foregoing 
derivation.  However, it can be  shown  that  these  effects  can  be  reduced  to 
an  acceptable  level if a good estimate of the  period of the  predominate 
slosh  mode is available.  This  minimization is accomplished by  making 
To = slosh  mode  period,  resulting  in  a sbc computation  time of two  slosh 
periods. 

Slosh  effects  can  also  be  reduced by averaging  two  computations of 
r/ ,$ taken  over  the  f irst  and  second  halfs of the  slosh  cycle,  where  To=( 1/4) x 

(slosh  period).  This  latter  approach is planned for  Mission 278.  
The  bias  correction  scheme  effectively  neutralizes  the  initial  thrust 

misalignment,  The  low-bandwidth  autopilot  achieves  the  following: 
1. phase  stabilizes  the  slosh  mode  at 0 .5  cps, 
2. phase  stablizes  the first bending  mode  also,  out  to 2 cps,  and 
3. gain  stabilizes  any  bending  modes  occurring  above 2 cps. 

. I  
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The filter function,  D(z), of the  Mission 278 autopilot  for  the CSM-LM 
vehicle is as follows: is7 

- " (z-Pi) 

D(z) = 
e i..: 

iT" (z-gi) 
h = t  

where KC = 1.638 x 

T = sa.mpling  time = 0.08  seconds. 
, and  where  the  zeros  and  poles of D(z),  and  their  corresponding  factors, are 

as follows: 

Zeros:  
3 

z = 0.61088 
z = "0. 9920 
z = +O. 9920 
z = +O. 4279 i j 0.6821 
z = +O. 7521 2 j 0.4858 

Poles: 

z = 0,000 
z = 0 ,  5385 
z = 0.5385 

7 0,9257 +_ j 0.1129 
z = 0.9257 & j 0.  1129 

Corresponding  Factors:  
( Z  - 0. 61088) 

(Z2 - 0.85582 f 0.6483) 
( Z 2  - 1.50422 + 0. 8016) 

Z 

(Z - 0. 5385) 
(Z  - 0.5385) 
(Z 2 - 1.85152 + 0.8698) 
(z2 - 1,8515 + 0.8698) 

3. 3. 4. Roll Autopilot 
During  thrust  vector  control  using  the SPS engine,  "roll  control" 

is effected  by  maintaining  the  outer  gimbal  angle (OGA) close  to a preselected 
value.  Prior  to  ignition  the  astronaut  may  roll  the  vehicle  to a perferred 
orientation, if desired,   The OGA corresponding  to  the  orientation at 
ignition  will  be  maintained  throughout  the  powered  maneuver.  It i s  expected 
that  under  nominal  conditions  the  inner  and  middle  gimbal  angles wil l  be 
near   zero at the  s tar t  of a major  powered  maneuver. A s  a resul t  OGA 
control is equivalent  to  roll  control. With a sizeable  initial MGA (e, g . ,  45') 
some  roll  motion  will  occur but this is not considered  significant. 

The  roll  autopilot is an  adaptation of the LM p-axis  control as 
documented  in  Chapter 111 of R-499,  7/65.  The  phase  plane  switching  curve 
is shown  in  Figure  3- 16 for  convenience.  The slope of the  straight  line is 
chosen at K =-Os 2/sec/degree  which is a good compromise  between  fuel 
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1, 

usage  and  spped of response. 
Since  the  autopilot  operates  in a thrusting  environment,  subject  to 

disturbing  torque  generated by actuator  limit-cycling  and  cross-coupled 
inertias,  minimum  impulse  performance 'is unlikely.  Two-jet  firing is 
assumed  and  the  roll  inertia is continually  recomputed  during a firing.. A 
limit  cycle  rate of 0. 1°/sec  yields  satisfactory  fuel  economy  for  an  undis- 
turbed  flight,  Since  disturbances wil l  be  significant  any  attempt  to  constrain 
the  rate  to a smaller  value would  be  futile. By sampling  every 112 second 
and  simply  deriying  the OGA rate  by  differencing,  the  theoretical  accuracy 
due to  quantization is .0222'/sec.  Thus  at  this  sampling  rate , 1°/s,ec 
can  be  detected  quite  easily.  The  deadband  has  been  set  at + 5' which is 
adequate  for  this  mode. 

- 

Since  roll  control  during TVC is not a precise  function  the  design 
philosophy,  correspondingly,  has  been  kept  simple.  However  in  order  to 
increase  reliability  during  this  automatic  sequence; i. e. , the  astronaut 
canpot  exercise  manual  control in the  primary mode,  the  following  features 
have  been  included  in  the  roll  autopilot: 

(1) the  maximum f ir ing  t ime  for  any one f i r ing is set   at  2. 5 sec. 
(2) following  any  firing,  there is a delay of at least  1 / 2  sec.  before 

the  next  firing.  This  delay  enhances  the  rate  estimation  and  breaks up 
long  maneuvers  into  2.5  sec.  firings  and  at  least 1 / 2  sec,  measurements. 

(3)  Each  jet   pair   f ires  al ternately.   That is, if two  consecutive 
posit ive  roll   f ir ings  are  required,   these wil l  consist of separate  jet-pairs. 
Roll  control  can  remain  operative  under a combination of jet   failures,  
3.3.5,  The TVC Digital  Autopilot  Program and Associated  Guidance 

E quat  ions, 
The  connection  between  the  guidance  equations  and  the  digital 

autopilots is i l lustrated  in  Figure 3-1 7. The  gimbal  angle  commands  are 
updated  every 2 seconds.  The  filter  inputs  are  updated  each  filter  iteration 
period  (each 40 m s  or  each 80 ms);  The  gimbal  angle  commands  are 
interpolated  between  updates  in  order  to  realize a smoother  command. - 

From a programming  point of view a digital  filter is a difference 
equation (or se t  of equations)  in  which  old  outputs  and  inputs are processed 
through  appropriate  gain  coefficients.  The Laplace t ransform,  of a  delayed 
unit  impulse is simply  e-sT o r  l /z .  Regarding  the,   sampbd  data as 
mathematical  impulses,  the  resulting  polynomials  in z represent  a difference 
equation  involving  present  and  past,  inputs  and  outputs. 
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3. 3.5,  1. ' Time  Variable   Parameters  

The  control  loop  gains  are  made  time-variable  to  offset  the 
variation of control  effectiveness (T1 / I  ). In  particular,  the  desired 
gain: 

x YY 

I- 1 LK (Tlx/Iyyd DESIGN 
Kp(t) = 

[Tlx/Iyy] CURRENT 
t 

Analysis  shows  that K (t) can  be  approximated  by a linear  function 
P 

of elapsed  time  for a particular  burn: 

K (t) = K (0) - K 9 (t - to )  
e 

P P. P 
The start burn  value, K (O), is computed  on  the  basis of nominal  gain  and 
keyed  in  values of T . 1  x a.nd 'I k is a stored  constant . 

form of the  equation: 

P 
YY' P 

P 
Mechanization of variable K within  the CMC requires  a discrete  

Kp (nT) = Kp ((n-1)T) -AKp 

where AK = T(K 1, and  the  initial K (0) is a s  defined  above, 
P  P  P 

The  constants  differ  significantly  for LM on  and LM-off burns,  Two 
sets of these  parameters   are   required  to   c losely  match the desired K (t). 

P 
Empirical   data is similarly  employed  to  estimate  the roll acceleration 

during a burn-and  the  slosh  period at engine  ignition, 
3. 3.5, 3. ~ Computer  Timing  and  Storage  Estimates 

For   Fl ight  278 the  LM-docked  digital  autopilot  will  operate at a 
basic  interval of 80 ms.  That is, the  pitch  and yaw filters are called, 
alternately,   every 40 ms.   Each filter requires   an  interrupt  time of about 
5 ms.,   thus  the filters are expected  to  occupy , 125 sec. every 1 sec. o r  
12. 5% of main   f rame  t ime.   For  LM-off, the  interval is 40ms.  with  an 
interrupt  time of 1. 25 ms. o r  only 370. The  roll  autopilot  (described else- 
where)  operates  every 1/2 sec.  and  occupies  an  additional 1% of computer 
t ime,  Thus for Flight 278, the  autopilot  functions are expected  to  take less 
than 1570 of main  frame  t ime  during a powered  maneuver.  Based on Block I 
experience  for  steering  and  matrix  updating  and  taking  into  account  the 
increased  speed of the  Block I1 interpreter,   the  steering  equations  for 
Flight 278 will  be  solved  every 2 sec.,  occupying 0.5  sec.of  computer  time 
or  2570. Thus  for  guidance,  steering  and  autopilot  a  powered  maneuver  can 
be  expected to take 4070 of main  frame  t ime. 
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Thus z + N1 z + ... + N .  z + N , _ l  z +  Nr r r-1 r-i 

D(z) = Kc 
1 

z + D~ Z s - l  +... + D. z - j  t D ~ - ~  + D~ S 

J 

For   Fl ight  278, with LM attached  the  coefficients Ni, D .  a r e  
J 

N1 7 - 2.971 

N2 = - 3.195 

N3 = - Q.409$ 

N4 7 - 2.518 

N5 = 2.963 

N6 = - 1.510 

N7 = 0.3124 

Dl = - 4.7798972 

D2 9.4452763 

D3 = - 9.8593475 

D4 = 5.7231811 

D = - 1.7484750 5 
D6 = 0.21933335 

and  the  difference  equation  for  the  filter  may  be  written 
. .  

where 
Ek 5 filter  input 

bl( 5 filter  output 

A schematic of this  implementation is shown  in  Fig.  3- 18. Note 
that  the  coefficients Ni a r e  held  in  single  precision  while  the D. ' s  a r e  
double  precision  constants.  The  multiplications E k N k  a r e   S P X S P  
but the Dk d k ' s  must  be  performed  as  DPX DP, 

J 

For  Flight 278,  with LM off, 

a. f a l  Z 
-1 

bo + bl  Z - l  
D(z) = Kc 

where 
a. = 1 bo = 1 

a1 = - 0.98 b l  = c.64 

Tl,e fi l ter   gains  for both LM . on  and off autopilots are time 
varying  quantities  reflecting  the  torque  to  inertial  ratio of the  vehicle 
during SPS burn,  The  selection of the  gains  and  their   variations  are 
commented upon in  the  next  section, 
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The  f i l ters  (LM on  and  off)  and  roll  control  require  approximately 
1500 fixed  locations.  The filter gains,  coefficients  and  roll  control 
acceleration  estimate are carried  in erasable, In  'addition,  provision is 
made  for  the  astronaut  to key in the  pitch  and yaw actuator  tr im  angles  be- 
fore  thrust.  The  total  erasable  load  will  be  close  to 110 regis ters .  

3. 3. 3.6 The  Stroking  Test 

For  Mission 278, the TVC autopilot  includes a means for rigorously 
exciting  the  bending  modes of the  vehicle  through  lateral  thrust  excursions 
in order  to  definitively  evaluate  those  modes.  The  basic STROKER program 
provides  for a sequence of as many as four  different  strokes.  Each  stroke 

' is characterized  by N cycles of saw-tooth  commands  to  the SPS pitch  engine 
actuator of period T. A l l  Strokes  command  sawtooth  ramp  slopes of appro- 
ximately  O.l/rad/sec.  The STROKER tes t  is expected  to  be  initiated  after 
approximately 5 seconds of SPS burn  by  means of V74E through  the DSKY. 
It may  be  terminated at any  time  by V75E. A full  four  strokes, would  involve 
approximately 1 2  seconds of excitation, 
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3. 4 Entry  Autopilots 

The CM body  attitude  control  during  the  entry  phase  commences 
5 set. after CM-SM separation  and  continues  until  drogue  chute  deployment. 
During  this  interval, several tasks  must  be  performed. 

g<O. 05 1. Provide  attitude  hold  from 5 sect after sepa'raiion  until 
crew  input of entry  roll   at t i tude,  
2, Initiate  and  perform  maneuver  to  bring CM from  separation 
attitude  to  entry  trim  attiiude. 

' 3. Hold entry  attitude  with  respect  torelative  velocity  vector. 

g>O. 05 4. Follow  roll  commands  issued  by  Entry  Guidance  and  per- 
* 

form  coordinated  turns  with rate damping, 
5. Maintain  attitude  hold  and rate damping at end of final 
phase  when  the  velocity  drops  below  1000ft/sec.  until  auto- 
pilot is disabled. 

These  tasks  require  several  distinct  autopilot  control  modes. 
Further,  the  autopilot is required  to  provide a display  presentation 

to  the FDA1 needles as follows: 
Extra  Atmospheric  DAP-The  three  att i tude  errors.  
ro l l  Re - R, yaw PC - P, and  pitch aC - 1y are presented 
each  0.1  second. 
Atmospheric  DAP-  The  only  presentation is r o l l e r r o r ,   c o r -  
rected  for  shortest   angular path,  on a 0.1  second basis. The 
pitch  and yaw needles are not ,driven. 

Regarding  modes,  the  Entry  DAP  does not recognize  any  mode 
except  automatic.  Manual  take-over by the  pilot  will not affect DAP  action, 
nor its display  presentation,  The  disabling of DAP jet discretes  is effected 
by  hardware  outside  the CMC. 

When  SM-CM separation  occurs,  adequate  clearance  between CM  and 
SM is needed  before  initiating  the  CM  reorientation  maneuver.  In  the  inter- 

J Val while  clearance is being  established, CM attitude  control  disable wi l l  
prevent  any  firing  that m y  cause  re-contact. ' A f t e r  the  interval,  the 
entry  conditions are established as commanded  attitude  angles:  Roll  attitude 
a8 was specified  by  keyboard  entqy,  zero  beta,  and  trim  angle of attack. 
The  extra  atmospheric  DAP  performs  the  control  according  to  the  above 
requirements.  Specifically,  ,these are Tasks  numbered 1, 2, and 3 above, 
occuring  for  g KO. 05. For  g > 0.05,  the  atmospheric  DAP is in  control  and 
does  Task 4 and 5, as described  below. 

* Although  damping  commences at 0.05 g, roll   commands wil l  not  be issued 
until 0. 2 g. 

0 
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The  terminal  phase of extra-atmospheric  return  to  the  earth  at  a 
specified  landing  point is achieved by Entry  Guidance,  utilizing  atmospheric 
aerodynamic lift. The  guidance  equations  determine  proper  orientation of 
the  l if t   vector  relative  to  the  trajectory  plane  as  the  means of control  in 
achieving  the  desired  landing  point.  The  component of lift in  the  plane of 
the relative velocity  and  the  position  vector  controls  the down range  flight. 
Cross   range is controlled  by  the  out-of-plane  component of lift. By  rolling 
the CM about  the  velocity  vector,  orientation of the  lift  vector is achieved 
such  that  the  desired  in-plane  component  obtains.  The  out-of-plane,  com- 
ponent of lift  causes  lateral  drift of the  vehicle.  This  sidewise  motion is 
used  for  plane  changing, if any is needed,  Otherwise lateral dr i f t  is an  un- 
wanted  by-product of the  steering,  and is constrained  by  causing  the CM 
to   ro l l  so  as to   reverse   the  s ign of the  out-of-plane  component of lift, 
Since  the  in-plane  component is the  fundamental  controlled  quantity, it 
is important  that its sign  be  unchanged  during  lateral  reversals or switchings. 
In effect this  demands  that  the CM roll predomina.ntly  through  the  smaller 
of the  two  possible  angles  at  lateral  switching  time. In an  exceptional  and 
infrequent  case  Entry  Guidance  insists  on  rolling  over  the  top  without 
regard  for  the  angle  size,  and  the  switch LATSW is set  to  inform  DAP. 
Thus  Entry  Guidance  provides a single  output  quantity,  commanded  roll 
angle  Roll C, to  be  achieved  by  the CM. 

Within  ihe  atmosphere  the CM is aerodynamically  stable, a property 
that  simplifies  the  autopilot  design. In pitch  and yaw, since  stability is no 
problem,  simple  rate  dampers are indicated.  Furthermore,  aerodynamic 
forces  can  be  utilized  to  do  most of the work during a coordinated  turn.  The 
roll   axis  torque of the CM is mostly  inertia , having  negligible  damping  and 
cross-coupling  terms. A simple  predictive  a.utopilot  utilizing  the  phase  plane 
is used. 

Table 3-XI11 summarizes  the  major  entry  events  that   effect  the DAPs. 
3.4. 1. . Coordinate  System 

Trajectory  Triad 

The  Inertial  Measurement Unit is the  source of input data  for  Entry 
Guida.nce  and  the  autopilots,  Accelerations  in  the  form of velocity  increments 
are  provided by the PIPA s, and  the  gimbal  angle  values are commmunicated 
by  the  CDU's.  The  coordinate  systemused  during  Entr,y is defixed  in 
Figure 3;19. During  entry  the  axis of symmetry of the CM is pointed  back- 
ward  along  the  trajectory  and  the  triad  used  by  the  autopilots is -UVA, 
UYA, UNA. In the  figure, the body axis set UEX, UBY, UBZ is shown 
f o r  ROLL C = 0 (corresponding  to  lift up) and  for QL = at (co'rresponding  to 
trimmed  flight). 
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TABLE 3-XIU. OUTLINE OF ENTRY  EVENTS 

EVENT CONTROLLING  ACTION 
~ 

Separation + 5 sec  

Establish 

Entry  conditions 

g > . 0 5  

~~ ~ 

Set Rc: SpeaifiedBy  KeyBoarc 

PC = 0 

ac = at ( t r im) 

~~~~ ~ 

R, given  By 

Entry  Guidance 

Rc  Remains  Constant 

~~ 

Drogue . 
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Roll  Damping 

0, CY Attitude  Hold 

l'al > 135 

Roll  Damping  Ip) 

0, a Attitude  Control 

k 0  9) 

45. < 1.1 c 135  

R, p, CY Attitude  Control 

(r, P I  4) 

laic 45 

R, /3, a Attitude  Control 

(P8 r8 4) 

R Attitude  Control 
q, r Damping  (coord. ) 

R Attitude  Control 
q, r Damping  (coord. ) 
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R, VREL 
PLANE \ 

-LOCAL HORIZONTAL 

BODY AXES DRAWN FOR LIFT  UP ROLLC = 0 

C R  = UNIT (c) 
VRCEL = 7- WE x i;i 
UVA = UNIT ( V ~ E L )  

UTA = UNIT  (UTA x 5)  
UGA : UFA  UVA 

Fig. 3-19 Entry  Autopilot  Coordinate  Triads 
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Body Triad 

The body axis   t r iad of the C M  is defined  relative  to  the  platform  axis 
se t  in Figure 3-  20 in   terms of the  three  gimbal  angles.  When all th ree  
gimbal  angles  are  zero,   the body set UBX,  UBY, UBZ and  the  platform  set 
UPX, UPY, UPZ  coincide. A t  other  t imes  the body set is obtained  from 
the  platform  set by  using  the  Euler.  gimbal  sequence;  inner,  middle, Outer, 
abbreviated I, M, 0. These  rotations  are  pictured  in  Figure 3-20 along 
with  the  transformation  equations, (I). With these,  the  autopilot  determines 
the CM unit  body t r iad UBX,  UBY,  UBZ expressed in  platform  coordinates, 

(11). 
Angular  Velocity  Measurement  in CM Body Axes 

The  body  angular  velocities,  roll p, pitch q,  and  yaw r are   measured  
in  the  positive  sense  about  the  respective  axes UBX, UBY, UBZ and a r e  
obtained  from  the  gimbal  angle  rates  using  the  sequence I, M, 0 of 
Figure 3-20. When  the  gimbal  angles  are  zero, body axes  coincide  with 
platform  axes  and  the  rate p, q, r are  equal  to  the  respective  gimbal  rates 
0 ,  i, M. When  the  gimbal  angles.are not zero,  the body r a t e s   a r e  obtained 
from  equations (111) of Figure 3-20.  

Measurement of the  gimbal  rates, and hence of the body r a t e s  is 
not continuous,  but  occurs  at  regular  time  intervals as indeed  do all   calcu- 
lations done by  the AGC. The  basic  computation  cycle  for  Navigation  and 
Guidance is 2 seconds.  Body  rates  must  be  determined  more  frequently , 
and  a  computation  cycle of 0 . 1  second is used.  Thus  each  interval T = O .  1 
second,  the  gimbal  angular rates required by (111) are   measured  as CDU 
angle  differences  in  the  manner 

07% A 0  = Ok - Ok-l 
and is illustrated  in  detail  in  Figure 3 -  32. Using  the  measured  gimbal 
differences 07,  IT, M7, (111) yield  body  rates as differences p7, q7, r7. 
These  differences  represent body rates  that  are exact  only if the  angular 
accelerations are zero.  A better  estimate is obtained  from  the  measured 
p7, q7, r7 by the  simple  algorithm 

. . .  

A? - he 
Aq + 

9 7 e A 6  = 0 

2 
where  the  subscript - 0 refers-to  the  previous  value of a difference  and 1 
referes  to  the  present  value.  For each body rate  in  turn,  substitute  the 
present  difference and the  previous  difference  in  place of the  thetas, as 
shown in Figure 3-33. By previous  difference,  the  previous result of 
(111) is meant, not the  previous  average.  This  fact is not made  explicitly 
in  the  referenced  figure. 

- 
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I. M. 0, Sequen 

f UP2 

PY 

UBX (;WY) UBX = (B :o io) (s; CM c r  SM 8) (; ; 1) [;;;) UPX (I) 

-so co 

BODY TRIAD  EXPRESSED  IN  PLATFORM COORDINATES 

VEX = (CM CI, SM, - SI  CM) 
UBY = ("CO CI SM + SO SI , CO CM , CO SI SM + SO CI ) (11) 
UBZ = (SO CI SM + CO S I ,  -SO CM, -SO SI SM + CO CI) 

BODY ANGULAR VELOCITIES 

p =  0 + SM 
q =  C M C O t h S O  
r =- i  CM SO + k co 

Where SM = SIN M ETC. 

(111: 

Fig. 3-20 Platform to Body Transformation 

3 -57 



CM Body  Attitude 

The CM attitude  angles are defined  relative  to  the  trajectory  triad 
-UVA, UYA, UNA and  the  body t r iad  UBX,  UBY, UBZ. Both a re   expressed  
in  platform  coordinates.  The  defining  Euler  sequence R, p, CY is pictured 
in  Figure 3-  21 along  with  the  transformation  equations (I). When all angles 
a re   zero ,  UBX points  along  the  negative  relative  velocity  vector  away  from 
the  heat  shield,  and UBY lies  along  the  normal  to  the  trajectory  plane. UBZ 
lies  in  the  trajectory  plane  and  points  along  the  lift  vector.  The  condition 
R = 0 corresponds  to  posit ive  l if t  o r  lift up. Rotation of the body t r iad  by 
rolling  about UBX ( - W A )  through  the  angle R, causes  the  lift  to  have a 
component  out of the  trajectory  plane.  The  direction of UBZ can  be  called 
UL since it points  in  the  direction of .the  lift  vector.  The  direction of UBY 
can  be  called YBN since fo r  any R it points  in  the  nominal  direction  for Y 
body. That is, it is normal  to  the  relative  velocity,  lying  in  the UNA, UYA 
plane.  The  second  rotation is yaw  about UL through  the  angle P. The last 
rotation is pitch  about UBY through  the  angle CY, shown  negative  in  the  picture. 
The  result of the  final  rotation is to  locate  the  actual CM unit  body t r iad 
UBX,  UBY, UBZ relative  to  the  trajectory  triad -UVA, UYA, UNA in   t e rms  
of the  Euler  attitude  angles R, p, CY. The  equations  for  calculating  the  angles 
R, p, CY and  also  their.  derivatives are summarized  in  Figure 3-a& 

For  the  approximations involved  in  mechanizing  the  attitude  rate 
equations,  see  the  block  diagram,  Figure 3-33. 

The  equations of Figure 3-22  neglect  the  effect of Y , In cases  
where rE changes  rapidly,  can  be of the  order of 2 to  3 /sec fo r  a 
short  period of t ime (of order  20 sec)  Bnd occur  for  relatively  large r,. 

A.pproximate  inclusion of the  effect of rE is done  with the  equations of 
Figure 3-23. By correcting  the body r a t e s  and then  using  the  corrected 
values  wherever  required  in DAP, control of CM with  respect  to  the 
velocity  vector is maintained.  The  level  above  which dE correct ion is 
applied is set   arbi t rar i ly  at l/2'/sec. 

EO 

The  application of equations of Figure 3 - 2  1 through  Figure 3 - 23 is 
diagramed  in  Figure 3-  24 and 3-  25. Program  CM/POSE is called by 
Entry  Guidance  to  establish  afresh  the CM attitude  angles R, p, CY. 
Since  CM/POSE  requires  position  and  velocity,  it is called  at  some  time 
after  navigation is completed  and  thus  at  roughly 2 second  intervals,  The 
attitude  angles  which  are  calculated  (in  the  figure: NEWR, NEWp, NEW@) 
were  valid at the  time at which  position  and  velocity  were  valid:  at  the PIPA 
read  time.  To  obtain  the  present  attitude  angles,  the NEW angles  must  be 
corrected for any  increment  accrued  in  the  interval  between p I p A  read  t ime 
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Rpa SEQUENCE 

LOCAL HORIZONTAL 

Fig. 3.21 CM Body Attitude  Angles - Definition 

3 -59 



Combine  matrices  in  Fig.  3-21  into  single  matrix,  Calculate 
Attitude  angles  as for CALCGA. Obtain  body  angles  from 

For  updating  angles R, p, a between  matrix  calculation,  integrate 
the  rate  equations 

c p i l = p c a + r s a  

l L q  + Ii s p  

a 

P =-p Sa + r C a  

Thus 

a+a + 6 7  

Fig. 3-22 Computation of CM Body  Attitude  Angles 
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To approximately  correct for rE in rate control  relative 
to  relative  velocity  vector,  use 

With  these,  the  attitude  rate  equations  keep  the same form 

a 

CP R = prel Ca + r r e l  SLY 

P =-prel SLY -I- r r e l   C a  

cy = qre l  + R S p  

. 
0 0 

Fig, 3-23 Gamma Dot Correction  to CM Body Rates 
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to  the  present.   This is easily done  since a,n independent  integration of 
att i tude  rates is done each  0.1  second  to  maintain R, P, a. When  the NEW 
values  are  corrected,   they  replace R, P, Q. Thus  CM/POSE  prevents 
accumulation of e r r o r  in  attitude  resulting  from  integration  by  providing  a 
fresh  reference  roughly  each 2 seconds. 

Two  comments  are  made  concerning;  CM/POSE.  The  test  to  see if 

V is less   than 1000 ft/sec  provides  warning  that  subsequent  calculations of 
UYA wil l  be  unreliable  because UR and UVA approach  co-linearity.  The 
error  committed  in  using  an old  value of UYA affects  only  the  measure of 
roll,  and is not important at this  stage.  The  other  comment is that  the 
calculation  for # E  is chosen  to  be  more  accurate  in  the  region  where E 
is of possible  interest. 

3.4.2.  Extra  Atmosphere DAP 

The CM  autopilot  function  outside  the  atmosphere is fundamentally 
attitude  control  in  all  axes.  Inside  the  atmosphere,  attitude  control is 
used  only  for  roll,  and  rate  damping is used  for  pitch  and yaw. To 
minimize  the  size of the  DAP  software,  multiple  use is made of program 
logic  where  ever  permissible. 

It is convenient  to  categorize  DAP  action  outside  the  atmosphere  in 
t e r m s  of the  size of Q, as is suggested  by  the  attitude  rate  equations of 
Figure 3-,22. By quadranting iu relative  to 45O, the  attitude  rates  can  be 
considered as being  controlled  by a singlebody  rate.  In P for  example,  
if bl> 135  then r is the  predominant  term  and P e r r o r   c a n  be  assigned  to 
the yaw axis,  Of course,   this  breaks down if p is several   t imes  greater  
than r, o r  if CY is near  135. However,  the  technique  has  merit.  In 
Figure 3- 26 the  assignment of theEder   a t t i tude  errors   to  body axes  in  this 
manner is summarized.  The  region la1 > 135 (case 1) corresponds  to  the 
initial  phases of separation  maneuver. It is desirable  to  enforce rate 
damping'  in roll in  this  region  since it keeps p small .   Besides,   there  will  
be  ample  time  to  complete a roll  maneuver  in  the  other  regions.  The 
att i tude  system  used  for P and Q is intended  to  execute  maneuvers at 2O/sec. 
However,  cross  coupling  between  thrusters  makes  an  upper  bound  necessary. 
For  this, 4'/sec is used, In the  interval 45O< brl< 135O(case 2),  r o l l   e r r o r  
and P error  interchange  axes.  A l l  three axes ale now attitude  controlled 
and  obey  the  same  phase  plane  logic.  The rates when  not  in  dead  zone  can 
be  more  than  2O/sec  but  less  than  4O/sec.  In  the  interval h\< 4<(case 1 
again) ,   rol l   error  and P e r ro r   r e tu rn   t o   t he i r  p;-oper : axes,  Control of 
q and r is the  same as w a s  described  above. But here ,   rol l   control   re turns  
to  the 2 sec  predictive  attitude  system. A test  must  be  made  to  recognize 

0 

0 
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SUMMARY O F  CM BODY ATTITUDE  ANGLE  CONTROL BY ASSIGNMENT 
OF ATTITUDE  ERRORS TO BODY  AXIS DAP 

- r Axis YAW ERROR = SGN (Ca) (PC -/3) 

(However, if  CCY negative, do rate damping only in ro1.1. Set 
,ROLL ERROR = 0)  

2. IF -COS (45) COS CY < COB '(45) 

- r Axis YAW ERROR = SGN (SCU) (RC - R) 

p  Axis ROLL ERROR = SGN (-Sa) (8, - P )  

3. FOR ALL CASES 

q Axis  PITCH  ERROR (CY, - p') - 

Fig.. 3-26 Extra Atmosphere At.titudk Error Assignments 
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the  transit ion of Icu\across  the 45O boundary  and  to assure that  the  p  jets 
are off. This is necessary  since  the  t ime  interval  unti l   the  next 2 second 
update is not  known. It is interesting  to note  that  in  general (3 will  be 
essentially  zero  by  this  time, so any  remaining  roll   error  will  be nulled  in 
a coordinated  manner.. . a desirable  featvre as the CM nears   the 
atmosphere. 

The  attitude  commands  for  the  extra  atmospheric  phase of flight  were 
discussed  earlier,  and are outlined  in  Table 3-XIII. 

Before  progressing  further, a description of the  sampled  attitude 
DAP is helpful,  Discussion of the  predictive 2 second DAP is included  in 
the atmospheric  section,  even  though its services   are   used  outs ide  the 
atmosphere, 

The  logic for  the  sampled  attitude DAP is common  to  al l   those  axes 
operating  at  the T = 0.1  second  interval.  The  basic  phase  plane  logic is 
given  in  Figure  3-27a.  To  be  specific, let X = LY -a be the e r r o r   a n d  
V = q be  the  velocity. 

C 

Both  X  and V are  to  be  kept  within  specified  limits: the range 
( -Vz,  Vz) for  V  and  the  range  (-Xz,  Xz)  for X. Within the a r e a  bounded  by 
these  l imits,   jet ' thrusters are turned off. If 1x1 < Xz, but  V >+Vz , 
negative  jets are desired and are  indicated by the  minus  sign.  Similarly, 
if V  exceeds  the  low r bound, positive jets are;required.  If IVl < +Vz, 
and  X  >+XZ,  positive jets are required  to  establish a positive  velocity  to 
reduce  the  error  X. A s  indicated,  the  positive jets remain  on  until at 
a sample  interval  V  has  exceeded Vz,  when all jets are turned off. The 
positive  velocity  causes  the  point (X, V) to drift  leftward. At a  subsequent 
sample  instant, X is observed  to  be less than Xz but V>+Vz and  negative 
je t s  are actuated,  In  this  manner  arbitrary  initial  conditions (X, V) of 
reasonable  value are caused  to  enter  the  central  box. If these  were  the 
only  jet  thrusters orif there   were no cross  coupling,  this would be  the 
whole  story,  However,  coupling  from  thrusters  on  other  axes  causes 
the  velocity  to  increase  above Vz by an  undesirable  margin.  The  addition 
of the  upper bound at 2Vz constrains  V  to  have  acceptable  values. 

In  actual  operation  both X and  V are separately  tested  against   l imits,  
A tag is set to   zero  if the  limit is not exceeded,  and  to + - 1 bit  depending  on 
the  sign of the  limit  exceeded. In Figure  3-27b  the  pairs of signs refer t o  ~ 

the  result  of both tests, where  the  two  tags are shown  in  the  order (X, V). 
The  tags are combined  in a "logical or" using  ones  complement  arthmetic 
to generate a single  tag.  The  resulting  tag is used  to  select  the  proper 
jet  code from a list for the axis  being  controlled.  When  a  jet  code is 
executed,  only  the  jets  designated  by  the  code are f i red  or  a r e  left on if 
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Fig. 3-27 Phase  Plane Logic for  CM Attitude DAP 
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already  firing,  All  other  jets are quenched. A tag of value  zero  quenches 
any jets that  might  be  firing. 

The  flow  diagrams  that  apply  to  the  extra  atmospheric  DAP are 
Figure  3-32  through  Figure-3-35.  Subsequent  figures  also  apply, but a r e  
not discussed  yet. 

3.4, 3. Atmospheric  DAP 

Before  entering  the  atmosphere, all att i tude  errors  will   be at null 
or nearly so, and the DAP  mode  characterized  by Id) < 4 5 O  (case 1) in 
Figure 3-26 ,  When  the 0.05 g  level is sensed  by  Entry  Guidance, a switch 
is set. The  DAP  observes  the  switch  and  changes  the q and r control   to  
pitch  and yaw dampers.   The  roll   system is already  activated  and  performing 
and is ready  to  accept  commands  when  issued by Entry  Guidance.  Later on, 
when  the  kepler  phase is entered,  the  DAP  slips  easily  back  into  the  mode 
of case 1 and as easily out again. 

3.4. 3. 1. Functional  Behavior of Atmospheric  Autopilots 

In  Entry Guidance, control is based  on  the  components of lift in 
and  normal  to  the  trajectory  plane,  components  that are specz ied   in   t e rms  of 
an  angle  defined  the  same as R but  having  value  ROLL C. If the CM is t o  
achieve  the  desired lift direction,  then  the Y body axis  must  lie  along YBN. 
This  condition is met  when /3 = 0. Thus  one  property of Entry  autopilot is 
to  keep f l  = 0 and  another is to  have  the  actual  vehicle  roll  angle R agree 
with  the  desircdvalue ROLL C. 

Within  the  atmosphere,  aerodynamic  forces  tend  to  keep P essentially 
zero,  and a, assumes a t r im  value at 2 -22' so that  attitude  control is 
required only in  roll.  A s  the CM rolls,  UBY should  remain  normal  to UVA. 

When p = 0 and a, is constant,  such a maneuver  causes UBX to  describe a 
cone of angle 2a about -UVA while UBZ similarly  describes a cone  about 
+WA.  Thiscondi t ion of rolling  about the velocity  vector, or making a 
coordinated  roll, is equivalent  to  requiring  that  the CM angular  velocity 
vector lie along -UVA. In the  atmosphere  then,  coordinated  roll  maneuvers 
are enforced  by  the  angular rate autopilots  already  required to damp 
pitch  and yaw body rates  caused  by-dynamic  behavior of the CM. 

Figure 3-  2 1  shows  that for  the  nominal  case, p = 0, only roll  and 
yaw rate are present if the  body  angular  velocity is to  lie along -UVA. 
Further ,  this angular  velocity is equal  to  the rate of change of roll angle 
R. A  third  property of the  atmospheric  autopilot is that it enforce  the 
'proper  proportionality  between yaw and  roll rate necessary  to  produce 
coordinated roll. 
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3.4.. 3. 2. Pitch  and Yaw Digital  Autopilot 

In  the  atmospheric  mode, rate damping is used  to  maintain  pitch 
and yaw angular  velocities  within  prescribed  limits.  The  digital  autopilots 
perform  this  function  in a discontinuous  manner  by  producing a control 
action  each  time new  input data  are  available.  Thus,  the  pitch  and yaw 
autopilots are exercised  each . 1 second  immediately  following  the  measure- 
ment of angular  velocity. 

Pitch  Damper  DAP 

The  pitch  axis  autopilot  for  the CM performs rate damping  action 
using  the  simple  logic of Figure 3-28, which is the  single  axis  representa- 
tion of Figure 3-27. A s  long as sampled  pitch rate is less than 2O/sec., 
no action is taken  and  the jet thrus te rs  are off. Whenever  sampled 
pitch  rate  exceeds 2'/sec., the  jet   thrusters are activated  to  produce 
opposing  torque,  The  jets,remain  firing  until  the  pitch rate is observed to  
be less   than 2'/sec. Because of the  digital  nature of rate measurement, 
jet  switching is based  on  the  value of the  rate at the  time of measurement, 
which  in  general wil l  not be  exactly 2'/sec. Hysteresis,  a resul t  of the 
. l  sec.  interval  between  control  actions, is present  at the  nominal 2'/sec. 
switching  discontinuity  and  prevents  the  formation of high  frequency  limit 
cycles  in  presence of pitch  acceleration,  The  hysteresis  zone is of varia.ble 
width  and  can  be a s   l a rge  as twice  the  total AV achievable  by  the  jets  in  one 
sample  time  (Figure 3-28).  

Yaw Damper  DAP 

The yaw axis  requirements  are  somewhat  different  than  pitch,  The 
CM must  roll  about  the  velocity  vector  in  order  to  maintain  nominal t r i m  
attitude  and  to  keep  the  stagnation  point  in a fixed  region  on  the  heat 
shield.  Figure 3-29 illustrates  the  situation  in  the UBX, UBZ plane.  The 
UBY component of VREL is kept  essentially  zero  by  the  aerodynamic  force 
so that  the  velocity  shown  can  be  considered  to  be  the  total  velocity VREL. 
In the  coordinated  turn  illustrated,  the  angular  velocity  vector  lies  along 
-VREL if the  angular  velocities  in yaw  and rol l  are related  by 

r = -p t a n l o t  I 

if pitch  angular  velocity q = 0. Even  when  the  latter  condition is not exactly 
fulfilled,  the  equation is still useful. 
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During  periods of angular  acceleration  in  roll,  a corresponding 
acceleration  in yaw is quickly  established  and  supported  by  aerodynamic 
forces.  W e  utilize  these  forces  to  encourage  the CM to  make a coordinated 
turn.  The  bulk of the  work is done  by  the aerodynam!cs  with  the yaw jet 
thrusters  operating  only as needed  according  to  Figure 3-,20. The jets 
fire when.necessary  to  keep  the  vehicle  within  the  central  band,  .This'allows 
r to  be  proportional  to  p  and at the  same  time  keeps yaw oscillations  damped 
to  within + - 2O/second. ' 

The yaw damper  operates  at   the . l  second  sample  interval 
established by the  angular  velocity  measurements  and  exhibits  the  same 
switching  boundary  hysteresis as the  pitch  damper. 

The  flow  diagrams  that  apply  to  the  atmospheric  (damping)  DAP  for 
q and r are  in  Figure  3-32  through  Figure 3-34. 

3.4, 3. 3, Roll  Attitude  Control 

Every 2 seconds  during  the  entry  phase,  Entry  Guidance  provides a 
roll  command  ROLL C. It examines  vehicle  current  position  and  velocity 
and  also  landing  point  position,  decides  on  the  proper  orientation of the lift 
vector,  and  generates  the  commanded  roll  attitude of the CM necessary  to  
achieve  that  orientation.  The  roll  autopilot  uses  the  command  ROLL C, the 
present  roll  attitude R and roll rate p  to   generate   f i r ing  t imes  for   the jet 
thrusters .  In general ,   there  are  three  t ime  intervals  generated  each 
2 seconds.  Two are thrust  durations,  and  one is quiescent  duration.  Having 
obtained  the  time  intervals,  there  remains  the  bookkeeping  task of implement- 
ing  the  result of the  calculations. 

Bookkeeping consists of maintaining a short  list containing  pairs of 
entries: a jet thruster  selection  code  and a t ime duration: The jet code 
specifies  which  jets  are  to be turned  on  or'off  and  the  time  duration  specifies 
the  interval  until  the  next  change  in jet activity  occurs.  Bookkeeping is 
car r ied  out  with  the  aid of the  TIME  3  preset   t imer (WAITLIST) in  the AGC. 
The list contains  onlyentries  which  can  be  executed  within a single  two 
second  interval, 
3.4. 3.  4. Logic  In  Phase  Plane  with  Controi  Line 

The  roll  model  for  the CM is a simple  inertia  which  makes  the  phase 
plane  an  attractive  tool  because  motion is described  by  straight  lines  and 
parabolas.  The (X, V) phase  plane of Figure  3-30 is used  where 
X = ROLLC-R  and V = R. When  the CM has  the  commanded  attitude,  both 
X and V are zero  and  the point (X, V) representing  the state of CM motion 
is at the  origin.  While not necessary  to  the  understanding of the  roll  DAP 
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operation,  bear  in mind the  fact   that   roll  rate p is related to R by  cos CY 
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The  control  logic  will  predict VD, and  specify a burn  t ime. But the  actual 
jet acceleration is only  half of that of a1 so that  at  the  end of the  burn,  the 
velocity  will  be half  way between V and VD. If K is suitably  chosen,  the 
predicted  total   trajectory  t ime  will   exceed T. When  the  next  update  occurs, 
the  same  process  recurs  and  eventually  the point (X, V) will  be  to  the  left 
of the  control  line. In this  region  there is no first   burn,  so the  predicted 
trajectory  and  the  actual  trajectory  will   agree.   The  point  will   approach 
the  origin  without  overshoot. On  the other hand, let  both  fuel  systems  be 
active  and  have  acceleration al. Let 2a = al. In this  case  the  predicted 
trajectory  and  the  actual  trajectory  will   agree  unti l   the  second  burn  starts.  
The higher  acceleration wi l l  cause  twice  the AV and result in  undershoot of 
the  origin.  However  convergence is rapid. 

The  shortest  angular  path  test  consists of asking  whether  the  point 
(X, V)  lies  inside  the  contours at + 180 o r  outside of them.  (Figure  3-30). 
In the  nominal  single  fuel case, any  point (X, V) inside  the  contours  con- 
s iders   the  or igin as its terminal  point.  Points  outside  these  contours  should 
consider + 360 as their  origin.  Such  points X are shifted  by -360  sgn(X)  and 
thereby  appear  inside  the  contours so far as the  phase  plane  logic is 
concerned.  Such a shift is necessary  since  physically -360, 0, and 360 
are the  same CM attitude.  Furthermore it is necessary  that  the  contour 
dividing  the  regions of stable  nodes  be  dynamic rather tha.n  geometric. 
Otherwise  there  exists a region  between  the  dynamic  countour  and  the 
geometric one where  points  will  initially head for the origin as node,  but 
the  trajectory  will   carry  across  the  geometric  countour  and  then  head  for 
360 as the  proper  node, This   resul ts  not only  in  taking  the  longer  path,  but 
also  in  taking a longer  time  to  do it. The  acceleration  a.ssociated  with  the 
shortest  path  contour of Figure  3-30 is that  for  the  single  fuel  jets. 

- 

- 

The  dead  zone  utilized  for  the r o l l  attitude is the  parallogram of 
Figure 3-31. The  shape is chosen  to  provide a smaller  limit  cycle  ampli- 
tude  for a given  zone  width  Xz.  The  effective  dead  zone on a T = 2 second 
basis  i s  nearly  rectangular  since Xz = Vz T. The  intercept VI is intended 
to  keep  the  limit  cycling  velocity  at a value less than Vz and is used  to 
specify  control  line  intercept Xs.  

Control  policy is outlined  in  the  three  flow  charts  starting  with 
Figure 3-36.  In the first, r o l l   e r r o r  is established.  Because of symmetry,  
the  control  equations are instrumented  only  for  the  rhp,  where the plane 
is bisected  by  the  terminal  trajectory, To determine  which half  plane 
contains (X, V),  evaluate the equation  for  the  termina.1  trajectory at the 
initial poi.nt (X, V). If the  point is in  the  lhp,  reverse  the  sign of 
variables  to  reflect  about  the  origin  into  rhp. If the  point (X, V) is to  
the  right of the  maximum  velocity  trajectory  through X = VM/K, 

3- 7 5  



V 
t 

I 

Fig, 3-31 Roll System Dead Zone 



then  thrust  up ( o r  down) t o  V = VM. If the  point is to  the  left,  and  below 
the  control  line,  thrust up to  Vd. But if the  point is to  the  left  and  over  the 
control  line,  keep  the  present  velocity as the  drift  velocity if Vd<V.  In 
all   cases  calculate  the  complete  trajectory  to  the  origin.   The  equations  are 
summarized  in  the flow chart. 

The  result of the  trajectory  calculations are three  t ime  intervals:  

tonl  the  time  to  thrust  from V t o  Vd (o r  VM) 
toff the  time  required  to  drift at Vd (o r  VM) 
ton2  the  t ime  to  origin on terminal   t ra jectory  f rom Vd (or  VM) 

Intervals  tonl  and  ton2 are firing  intervals  and toff is quiescent  interval. 
The  attitude  system  can  generate  three, two,  one o r  none of the  time  in- 
tervals.  None occurs  if the  point (X, V ) lines  within  the  deadzone  at  the 
or igin.   Je ts   are  quenched, if on, and  the  program  exits. 
3. 4. 3. 5. Timetest  and  Jetcall. 1 

The  program  portion  named  TIMETEST,  Figure 3-39, examines 
the  three  possible time intervals  and  prepares  to  execute  them in sequence 
if 

1, no interval is less than  two  centiseconds 
2. the  sum of the  intervals  plus  time  used  in  computationis less 

than  two  seconds. 
Time  intervals  which  fail  to  meet the above  requirements  are  ignored,  and 
the  jet  codes  corresponding  to  such  intervals are appropriately  executed. 

The  program  portion  named  JETCALL1,  Figure 3-40, performs 
the  actual  bookkeeping  with  the  jet list, executing  the jet codes and 
establishing WAITLIST calls as   required.  

3.4.4.  DAP  Flow  Chart  Summary 

The  Entry  DAP is described  by  the  flow  charts  starting  with 
Figure 3-  32 andcontinuing  through  Figure 3-  40 This  chain of event starts 
with  gimbal  angle  readout  and is followed  by  body rate calculation,  attitude 
rate  calculation  and  attitude  angle  integration.  Immediately  following  rate 
determination  the  sampled  DAP is entered.  Covered  in  the  next  two  figures 

are  those  autopilot  functions  that  are  implemented  on the sampled 0 . 1  second 
basis.  The 2 second  predictive  roll  DAP starts with  Figure 3- 36: and 
continues  through the processing of waitlist  time  calls,  Figure  3-40. This 

set  of diagrams is presented as a block since  it   represents  the  complete 
sequence of events  associated  with  DAP update;;. Of importance  also  are 
the  calculations  that  are  required  to  establish  the body attitude  Euler  angles 
that  appear  in  Figure 3-24 and  Figure 3-  25. The  program for these 
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Fig. 3 - 3 2  Gimbal Angle Rates 
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calculations  runs  somewhat  independently of the DAP. 
3. 5 Saturn  Control  Functions 

The GNC system  provides  rate  command  signals  to  the  Saturn  auto- 
pilot  during  the  coast  phase of earth  orbit  and,  upon  command,  provides 
att i tude  error  signals o r  rate command  signals  during  second  stage  boost. 

6-th  order  polynomial, a nominal  spacecraft  attitude  profile  which is com- 
pared  with  spacecraft  attitude  and  the  difference  displayed  to the crew  on  the 
FDA1 attitude-error  needles, A t  any  t ime after first-stage  cutoff, the crew 
mgy  energize  the  "Spacecraft  Control of Saturn"  discrete  to  the GNC and 
cause  the  attitude  errors  to  be  transmitted  also  to  the  Saturn  autopilot. 
Thereafter,   Saturn  will   exercise  thrust   vector  control s o  as to  null  the 
e r r o r s ,  

During all stages of boost*  the CMC generates,  by  means of a stored, 

The  crew  may  override  the  polynomial  by  means of RHC'activity.  In 
order   to   render   the CMC sensit ive  to RHC commands  (and  zero  and  disable 
the  polynomial),  the GNC A / P  discrete  must  be  transmitted.  Thereafter, 
the CMC regards  RHC commands as body-axis rate commands  and  transmits 
these  commands  to  Saturn as d-c  voltages. No RHC activity  results  in  the 
command of zero  rate. The  value of the  constant  rate  command is originally 
0. 5'/sec. It may  be  changed  to 4'/sec, 0. 2'/sec o r  0.05°/sec  by 
manipulation of the first octal  digit of Noun as described  in  Section 3. 2. 5 .  - 

The RHC control of rate  during the coasting  phase is identical . The 
error  needles  reflect   the  value of the  rate  command, 

':c It is presumed  that the MSC supplied  polynomial  will  cover the entire 
boost  trajectory. 
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4. GNCS OPERATIONAL MODES 
4.1 CMC Sequence  Control 

To efficiently  coordinate  the  design of the CMC Sequences, as well as define 
the  astronaut  and  ground  control  procedures  with  respect  to  the GNC system, it is 
necessary  to  define  the  operating  inter-relationships  between  the GNC system,  other  
S/C  systems,  the  astronauts  and  the  ground. 

In   pr imary GNC control  modes  the CMC can  automatically  compute  required 
mission  parameters  and  automatically  command  both GNC and CSM subsystems.  Com- 
plete  automation of this  control  throughout a mission is neither  feasible  nor  desirable. 
For pr imary  as well as secondary GNC control  modes  .the  astronauts  and/or  the  ground 
must be  capable of INITIATION,  MODIFICATION (to a limited  degree), o r  INTERRUP- 
TION of automatic CMC sequences.  These  procedures  must  be  thoroughly  defined  to 
design  the CMC sequence  logic  for  astronaut/ground  participation. 

4. 1. 1 CMC Sequence  Initiation 

4 . 1 . 1 . 1  CMC PROGRAMS 
Due  to  the  random  time  sequencing of many of the CMC tasks  the  de- 

sign of "building  blocks'' of sequences  which  can  be  utilized  at  varied  times  and 
in  varied  circumstances  offers  the  best   method of accomplishing  these tasks. 

These  "building  blocks"  must  incorporate  sufficient  logic  to  clearly  define  the 
particular  t ime  and/or  application-for which  they are used.  They  must  also ' .  

standardize  astronaut/CMC  communication  procedures,  ground/CMC  com- 
munication  procedures  and GNC and SCS Mode  determination. 

A logical  establishment of these  building  blocks  has  been  made  using 
the PROGRAM capability of the  CMC,  supplemented by simpler  routines not 
requiring  identification as a PROGRAM. The PROGRAMS, their   associated 
routines  and  the  crew  checklist  are  outlined  in  detail  in  Section 4.4.  

PROGRAMS in  process  in  the CMC a r e  identified by the PROGRAM light 
on  the  Keyboard  and  Display  panels.  During  the  display of this PROGRAM num- 
ber,   the CMC can  be  programmed  to do  anything  within  its  total  capability.  The 
CMC w i l l  be  pre-programmed,  however,  to  display a PROGRAM number  only 
in response  to  the  initiation of a specific  mission  task  and wi l l  continue  this 
display and the  pre-programmed  sequence of computations  and  displays for 
the  specific task until PROGRAM completion o r  termination. 

PROGRAMS may  always  be  initiated by manual DSKY keyboard  entry 
(Astronaut) or by CMC UPLINK  Command  (ground). In certain  cases PROGRAM 
initiation is automatically  done  by  the  previous PROGRAM. The  diagrams of 
Section 4 . 4 ,  however,  show PROGRAM selection as it should  occur  nominally. 
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4.1.1. 2 Special CMC Routines 

The CMC Sequences  include  many  routines  and  subroutines  not  spec- 
ifically  identified with a PROGRAM. The  majority of these  are  automatically 
performed  in a particular  computation o r  control  sequence  and  involve no not- 
ification  to  the  "outside  world"  that  they  are  in  process.  While  they  may  oc- 
casionally  be  referred  to  in  this  document  their  large  number  alone  requires 
that  detailed  descriptions be restricted  to  special  CMC program  documents, 

Several   special   routines  are  described  in  detail   herein,   however,   be- 
cause of one o r  more  of the  following  characteristics: 

(a) The  routine  involves CMC communication  with  the  astronaut. 
(b)  The  routine is of importance  in  understanding  the PROGRAMS. 
(c)  The  routine  involves  significant  sequences of CMC/Astronaut 

action  but  could  be  performed  while  certain PROGRAMS are in 
process.  

These  routines are normally  called  by  the CMC. If the  routine  requires 
CMC/Astronaut  communication, it w i l l  s t a r t  with a particular  display  which 
acts  as a key  to  the  astronaut  that  the CMC has  automatically  entered  the rou- 
tine.  The  majority of these  routines  may  not  be  initiated  by DSKY entry or  by 
CMC UPLINK  command;  however,  there are exceptions  to  this  rule. 

4.1. 2 CMC Sequence  Modification 
Modification of a "normal" CMC sequence  associated  with a particular 

PROGRAM or  routine is possible,  but  only  in a limited  sense. When Astronaut 
action is implied by CMC request,  he  sometimes  has  the  alternative of not 
completing  this  action  and so notifying  the  CMC.  The CMC sequence w i l l  pro- 
ceed;  however,  the  result is usually  system  operation  in a less than  optimum 
configuration. 

Dming  certain CMC calculation  procedures  the  astronaut/ground is 
given  the  opportunity to modify/change  the  inputs  to a certain  specific  calcu- 
lation  to  force  desired  results. 

4.1.3 CMC Sequence  Termination 

Once  an  automatic  sequence  has  been  initiated  the  astronaut  always  has 
the  capability  to  end  it  at  any  time,  This  can  be  done by a DSKY entry  selecting 
a new PROGRAM (for  instance CMC IDLING PROGRAM ( P O O ) :  DSKY entry 
"VERB 37 ENTER 00 ENTER")  which w i l l  terminate all displays  and  control 
sequences  associated  with  the  previous PROGRAM,  and s tar t   the  new  PROGRAM. 
In  certain cases (described  below) a PROGRAM may  be  terminated  by a sp-  
ecial  DSKY entry  (for  instance "TERMINATE";  VERB 34 ENTER). 
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4.2  CMC/Astronaut/Ground  Communications 

4.2.1 CMC / Ground  Communications 

The  CMC/Ground  Communications are  via  the CMC UPLINK  and 
DOWNLINK and  are  described  in  detail  in  Section 2. 

4.2.2  CMC/Astronaut  Communications 

The  Display  and  Keyboard  logic  in  the CMC processes  information  ex- 
changed  between  the CMC and  the computer  operator.  This  information is 
exchanged  via  the  Display  and  Keyboards (DSKYS) of which the re   a r e  two,  one 
at  the  Main  Display  Console  (MDC)  and  one  at  the  Lower  Equipment  Bay  (LEB). 

The  modes of operation  are  basically: 
(a)  Display of Internal  Data - This  includes  simple  displays  and 

periodically  updated  displays of data;  and  displays of requests 
for  operator  action  required by the CMC. 

(b)  Loading of External  Data - the  process of inserting  data  into  the 
CMC via  the DSKY. 

(c)  PROGRAM o r  ROUTINE Calling - Initiated by operator  action  via 
the DSKY. 

The  following  paragraphs  and  Table  4-1  provide a limited  description 
of the DSKY and the  crew/DSKY  operating  procedures.  They  are  included  here- 
in  to  facilitate  the  reader's  understanding of the PROGRAM logic  in  Section 4 . 4  
and do not  comprise a complete  instruction  manual for the  use of the DSKY. 
F o r  detailed DSKY operating  instructions  refer  to  other  MIT  documents. 

4.2. 2.  1 The DSKY (Refer to Fig.  4-1) 

(a )  UPLINK ACTY  LIGHT - Is  energized  by  the  first  character of a 

DIGITAL  UPLINK message  received by the  CMC. If the  light is 
not extinguished by the UPLINK transmission it should be ex- 
tinguished by crew use of the  RSET or KEY REL  buttons  when  the 
UPLINK transmission is complete. 

(b) NO ATT LIGHT - Is energized when  the CMC is in  operate  mode 
and there is no inertial  reference; i. e.  the ISS is off, caged, or' 

in  the  coarse  align  mode. 
(c )  STBY LIGHT - Is energized when the CMC is in  standby  mode. 

Is  deenergized when  the CMC is in  operate  mode. 
(d) KEY REL LIGHT - 1,s energized when an  internal  sequence  attem- 

pts  to  use  the DSKY, but  finds it busy  due  to  independent  operator 
action  (any  keyboard  depression  except  RSET).  Until  the  operator 
releases  the DSKY (by  pressing  the KEY REL  button)  the  internal 
sequence  may  be  forced  to  hold. 
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TEMP LIGHT - Is energized when the  stable  member  temper- 
ature is outside  the  design  limits (126. 3'F to  134.3'F). 
GIMBAL  LOCK  LIGHT - Is energized when  the  middle  gimbal  an- 
gle  exceeds t 70' f rom its zero  position. When the  middle  gimbal 
angle  exceeds 85' from  its  zero  position  the CMC automatically 
commands  the  coarse  align  mode  in  the ISS to  prevent  gimbal 
oscillation.  The NO ATT  light w i l l  then  be  energized  (see(b) 
above). 
PROG  LIGHT - Is energized when a PROGRAM ALARM occurs. 
Refer  to  paras.  4.3.3 ( d l  and  4.3.4. 
RESTART  LIGHT - Is energized  when a RESTART occurs.   Refer 
to  para.  4. 3.1 ( j ) .  
TRACKER LIGHT - This  light is inoperative  on  the CMC 
DSKYS. 
OPR ERROR LIGHT - Is  energized when the DSKY operator 
performs  an  improper  sequence of key  depressions.  The  light 
is de-energized  by  pressing  the  RSET  button,  Refer  to  para. 
4. 2 .  2.11. 
COMP ACTIVITY  LIGHT - Is energized when the  CMC is occupied 
with  any  internal  sequence.  It is not an  indicator of whether  the 
operator  may  use  the DSKY or whether the CMC is not capable of 
handling  further  computation. 
Display  Panel - Consists of  24 electroluminescent  sections  ar-  
ranged  as  in  Figure  4- 1. Each  section is capable of displaying 
any  decimal  character o r  remaining  blank,  except  the 3 sign 
sections  (RlS, R2S,  R3S). These  display a plus  sign, a minus 
sign, o r  a blank.  The  numerical  sections are grouped  to  form 
3 data  display  registers,  each of 5 numerical  characters;   and 3 

control  display  registers,  each of 2 numerical   characters.   The 
data  display  registers  are  referred  to as R1, R2, R3. The  con- 
trol   display  registers are known as VERB, NOUN, and PROGRAM. 

At maximum  activity,  two  display  characters  and a sign  may  be 
updated on the  Display  Panel  approximately  every . 1 second, 
KEYBOARD - Contains  the  following  buttons: 

VERB - Pushing  the  button  indicates  that  the  next  two  num- 
erical characters  keyed  in are to  be  interpreted  as  the 
Verb  code. 

NOUN - Pushing  the  button  indicates  that  the  next  two  numer- 
ical   characters  keyed  in  are  to  be  interpreted as the Noun 
Code . 
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-t and - SIGN KEYS - Used for sign  convention  and  to  iden- 
tify  decimal  data. 

NUMERICAL KEYS ( 0  thru 9 )  - Self explanatory, 

CLR  (CLEAR) - Used  during a data  loading  sequence  to  blank 
the  data  display  register  (Rl,  R2,  R3)  being  used. It al- 
lows  the  operator  to  begin  loading  the  data  word  again. 

STBY - Used  to  put  the CMC in  standby  and  operate  mode. 
Pushing  button  always  changes  present  mode,  STBY 
LIGHT (see  above)  indicates  present  mode. 

KEY REL. - Gives  the  operator's  permission for internal se- 
quences  to  use  the DSKY. It is recommended  that  the  op- 
erator   re lease  the DSKY by  pushing  this  button  whenever 
he is temporarily  finished  with  the DSKY. 

ENTR  (ENTER) - Is  used  in  two  ways: 
(1) To  execute  the  Verb/Noun now appearing on the  Verb 

and  Noun  lights. 
(a) To  accept a data  word  just  loaded. 

M E T  (RESET) - Turns off alarm  conditions on the DSKY 

providing  the  alarm  condition  has  been  corrected. 
4 . 2 . 2 . 2  Verbs  and  Nouns 

The  basic  language of communication  between  the  operator  and  the 
DSKY consists of the  Verb  and  Noun.  The  Verb  Code  indicates  what  action is 
to be  taken  (operation):  The  Noun  Code  indicates  to  what  this  action is ap-  
plied  (operand). 

Verb Noun codes  may be originated  either  by  manual  operation o r  by 
internal CMC sequence. 

The  standard  procedure  for  manual  keyboard  operation  consists of a 

sequence of 7 key  depressions: 

VERB v1 v 2  NOUN N1 N2 ENTR 

The VERB  key  depression  blanks  the  Verb  lights on the  Display  Panel (VD 1 
and VDZ), and  clears  the  Verb  Code  register  within  the  computer.  The  next 
two  numerical   characters  punched  in  are  interpreted as tk Verb Code (V 
V2). Each of these  characters  is displayed  in  the  Verb  lights  on  the  Display 
Panel as i t  is punched  in.  The NOUN key  operates  similarly for the NOUN 
lights  and Noun Code register.  

1' 

The  depression of the ENTR  key  causes  the  performance of the  Verb- 
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Fig. 4-1 Display  and  Keyboard Assembly - 
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Noun combination  appearing i n  the  lights  at  the  time of depression.  Thus  it  
is not necessary  to follow  any order  in  punching  in  the  Verb or Noun Code. 
They  may be  done in  reverse   order ,  o r  an  old  Verb or  old Noun may  be  used 
without  repunching  it. 

No action is ever  taken in performing  the  Verb-Noun  combination  until 
ENTER is pressed. If an e r r o r  is noticed  in  either  the  Verb Code o r  the Noun 
Code before  the  ENTER is pressed,  correction is simple.  Merely  press  the 
VERB or NOUN key  and  repunch  the  originally  intended  code,  without  neces- 
sarily  changing  the  other.  Only when the  operator  has  verified  that  the  des- 
ired  Verb and Noun Codes  are in  the  lights,  should  he p re s s  the  ENTER  key 
and  execute  the  Verb-Noun  combination, 

A Noun Code can  refer to a  group of computer  erasable  registers,  a 
group of counter  registers,  o r  may  serve  merely as a label. A label Noun 
refers  to no particular  computer  register,  but  conveys  information by i ts  
Noun  Code number  only.  The  group of regis ters   to  which a Noun  Code re fers  
may  be  a  group of 1, 2,  o r  3 members.   These  are  generally  referred  to  as 
1 -, 2-, or 3- component  Nouns.  The  component is understood as a component 
member of the  register  group  to which  the Noun refers.   The  machine  addresses 
for  the  registers  to which a Noun refers  are  stored  within  the  computer in 
Nom  Tables.  

A single Noun Code refers  to a group of 1 -, 2 - ,  or 3 -  component  mem- 
bers.  It is the  Verb Code that  determines which  component  member o€ the 
Noun group is operated on. Thus,   for  instance,   there  are 5 different  Load 
Verbs.  Verb 21 is required  for  loading  the  first  component of whatever Noun 
is used  therewith;  Verb 22 loads  the  second  component of Noun; Verb 2 3 ,  the 
third  component;  Verb 24, the f i r s t  and  second  components of the Noun;  and 
Verb 25 loads all three  components of the  Noun. A similar  component  format 
is used  in  the  Display  and  Monitor  Verbs. 

When  the  Decimal  Display  Verb is employed, all the  component  mem- 
be r s  of the Noun being  used  are  scaled as appropriate,  converted to decimal, 
and  displayed  in  the  data  display  registers. 

Decimal  data is identified, by a + o r  - sign  preceding  the  5  numerical 
chapactem. If decimal is used  for  loading  data of any  component of a multi- 
component  Load  Verb,  it  must  be  used  for all components  of  that  Verb.  Thus 
no mixture of decimal and octal  data is permitted  for  different  components of 

"3 
.! 'C 

,j. j : %$* > ' ,. 'I-..; the  same  Load Verb: (If this is violated,  the  Operator  Error.alarm is turned 

on. 1 
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There  is a class of Verbs  called  Monitor  Verbs  which  display  data 
every  one  second.  Once a Monitor  Verb is executed,  the  data  on  the  Display 
Panel  continues  to  be  updated  until  the  Monitor is turned off. 

The  Monitor is turned off by; Proceed/Proceed without  data  (V33E), 
Terminate  (V34E),  and  internal  program  initiation of the  Keyboard  and  Dis- 
play  System  Program, or  by a Fresh   S ta r t  of the  CMC. 

Monitor  action is suspended  (but  not  ended)  by  the  depression of any 
key,  except  Reset.  This  turns  on  the KEY REL LIGHT  immediately.  Monitor 
action  continues  after  the  Keyboard  and  Display  System is released,  Thus  i t  
is possible  to  suspend a monitor  while  the  operator  loads  some  data, o r  re- 
quests  another  display;  and  to  return  to  the  original  monitor  when  his  inter- 
vention is concluded. 

After  any  use of the DSKY, the  numerical   characters  (verb,  noun  and 
data  words)  remain  visible  until  the  next  use of the DSKY. If a par t icular  
use of the DSKY involves  fewer  than 3 data  words,  the  data  display  registers 
( R l ,  R2,  R3)  not  used  remain  unchanged  unless  blanked  by  deliberate  program 
action. 

The DSKY procedures  above  were  described  for  manual  operation, 
however  the  principles  described  remain  the  same  for DSKY operation  by  the 
internal CMC sequences. 

A s  outlined  in  the  Mission PROGRAMS (section 4 .4)  the  majority of 
DSKY operations  are  originated  by  the  internal  programs. 

The  most  commonly  used CMC originated  verbs  in  the  Mission 
PROGRAMS are of the  following  categories: 

(a) DISPLAY - To  display  data  to  the  operator.  DISPLAY  verbs 
present  data  computed by the  mission  program. 

(b) LOAD - To  request  a data  load as described  in  detail  below, 
(c) PLEASE  PERFORM - To request  an  action  from  the  operator 

who then  notifies  the CMC that  he  has  complied as described  in 
detail  below. 

(d)  PLEASE MARK - To  request  the  operator  to  push  the "MARK" 
button  for  an  optics  ,sighting. 

CMC initiated  Verb/Noun  combinations are either  statically  displayed o r  
flashed. If static they  identify  data  displayed  only  for  operator  information 
requiring no response  from  him. ' If the  Verb/Noun is flashing,  appropriate 
operator  response is required as dictated by the  Verb/Noun  combination.  In 
this  case  the  internal  sequence is interrupted  until  the  operator  responds  ap- 
propriately,  then  the  Verb/Noun  flash is terminated  and  the  internal  sequence 
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is resumed, 

It is important  to  respond  to a flashing  Verb/Noun  with  only  one of the 
proper  responses o r  else  the  internal  sequence  that  called  the  display  may 
never be resumed. 

An appropriate  operator  response  to a flashing  Verb/Noun  should  be 
an  ENTER,  Recycle  (V32E),  Proceed/Proceed  without  Data (V33E),  o r  a 
Terminate  (V34E).  The  internal  sequence  response  to  any  one of these  op- 
erator  responses  varies  according  to  the  Verb/Noun  flashing  and  the PROGRAM 
in  process  as described below  and in  Section 4 .4 .  

4. 2.2.3  Acceptance of Keys 

The  numerical  keys,  the CLR key,  and  the  sign  keys are rejected if 

struck  after  completion  (final  ENTER) of a data  display o r  data  load  Verb:  At 
such time, only  the  Verb,  Noun,  Enter,  Reset, o r  Key  Release a re  accepted. 
Thus  the  data keys  are  accepted  only  after  the  control  keys  have  instructed  the 
program  to  accept  them. 

Similarly  the plus (+) and  minus ( - )  keys are accepted  just  before  the 
first numerical   character  of R1, R2, or R3 is punched  in,  and  at  no  other 
time. 

The 8 o r  9 key is accepted  only  while  loading a data  word  into R1, R2, 
or  R3 which was preceded  by a plus o r  minus  sign. (If this is violated,  the 
Operator  E r ro r  Alarm is turned  on. ) 

If more  than two numerical  characters  are  punched  in  while  loading 
the  Verb, Noun, o r  Program  code, or more  than  f ive  numerical   characters 
while  loading a data word,  the  excess  characters  are  not  accepted. 

4. 2 . 2 . 4  Release of Keyboard  and  Display  System 

The  Keyboard  and  Display  System  Program  can  be  used  by  internal 
computer  programs.  However,  any  operator  keyboard  action  (except  Reset) 
makes  the  Keyboard  and  Display  System  Program  busy  to  internal  routines. 
The  operator  has  control of the  Keyboard  and  Display  System  until he wishes 
to  release it. Thus  he is assured  that  data  he  wishes  to  observe w i l l  not be 

replaced  by  internally  initiated  data  displays.  In  general,  it is recommended 
that  the  operator  release  the  Keyboard  and  Display  System €or internal  use 
when he  has  temporarily  finished with i t .   This is done  by  pressing  the Key 
Release  button. 

If an  internal  program  attempts  to  use  the  Keyboard  and  Display  System, 
but  finds  that  the  operator  has  used  it  and not yet  released  it,  the  Key  Release 
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light is turned  on. When the  operator  finds  it  convenient,  he  sould  strike 
the  Key  Release  button  to  allow  the  internal  program  to  use  the  Keyboard  and 
Display  Panel. 

4 .2 .2 .  5 DISPLAY - Verb/Noun  Flashing 

This is an  internally  initiated  action.  The  appropriate  operator  re- 
sponse  to a flashing  DISPLAY  Verb/Noun  combination is: 

Correct  the  data  (See  Section 4 . 2 . 2 . 6  below..) Perform  the 
appropriate  load  verb  sequence. Upon the  final  ENTER,  the 
internal  sequence  proceeds  normally. 
Recycle  (V32E) - This  causes  the  program  to  return  to a pre-  
vious  location. 
"Proceed/Proceed Without  Data"  (V33E). This  indicates  acc- 
eptance of the  displayed  data,  and a desire  for  the  internal  se- 
quence  to  continue  normally. 
"Terminate"  (V34E).  The  operator  wishes  the  internal  sequence 
to  cease  operation. 
Note:  That  only  three  responses  are  legal  for  any  given  Verb/ 

Noun Flash. 

4 . 2 . 2 .  6 LOAD - Verb/Noun  Flashing 

Whenever  any  data is to be  loaded  the  Verb/Noun  flashes.  The  flash 
occurs  whether  the  data  load is initiated  by CMC or  by the  operator.  The 
appropriate  data  display  register  (Rl,  R2, o r  R3) is blanked  in  anticipation 
of the  data  load.  Data is loaded  in  5-character  words  and is displayed  char- 
acter-by-character;   in one of the  5-position  data  display  registers  as  it is 
keyed  in. 

Numerical  data is considered  decimal i f  the  5-character  data  word is 
preceded by a plus o r  a minus  sign; i f  no sign is supplied  it is considered 
octal.  The  plus  and  minus  keys are  accepted  only when  they precede  the 
f i rs t   numerical   character  of the  data  word;  they are   ignored  a t  any other 
time.  Decimal  data  must be  loaded  in  full  5-numerical-character  words 
(no  zeros  may be suppressed);  octal  data  may be  loaded  with  high order   zeros  
suppressed. If decimal is used  for  any  component of a multi-component  Load 
Verb,  it  must  be  used  for  all  components of that  Verb. No mixing of octal 
and  decimal  data is permitted  for  different  components of the  same  Load  Verb; 
it  must  be  used  for  all  components of that  Verb, No mixing of octal  and  decimal 
data is permitted for different  components of the  same  Load  Verb.  (If  this  prin- 
ciple is violated,  the  Operator  Error  Alarm is turned  on.) 
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The  ENTER  key  must  be  pressed  after  each  data  word.  This  tells 
the  program  that  the  numerical  word  being  punched  in is complete.  The  flash 
is turned off after  the last ENTER of a loading  sequence is pressed.  

A s  data is loaded, it is temporarily  stored  in  intermediate  buffers. 
It is not  placed  into its final  destination, as specified  by  the  Noun  Code,  until 
the  final  ENTER of the  load  sequence is punched  in. 

If an  a t tempt  is made  to  key  in  more  than 5 numerical   characters  in 
sequence,  the  sixth  and  subsequent  characters are simply  rejected.  If the 8 
or 9 key is punched  during  an  octal  load (as identified  by  lack of a sign  entry), 
i t  is rejected  and  the  Operator Error Light is ,turned  .on. 

In  multi-component  load  situations,  the  appropriate  single  component 
Load  Verbs are flashed  one  at a time.  The  computer  always  instructs  the 
operator  through a loading  sequence.  For  example,  consider a three-component 
loading  sequence.  The  operator (or  the  internal  program)  initiates  the se- 
quence by selecting  VERB  25,  "load 3 components of:" (any noun w i l l  do). E. 
The  Verb Code is changed  to 21 ,  "load first  component  of:, ' I  and  the  flash is 
turned  on,  VERB 2 1  continues  to  be  flashed as the  operator  punches  in  the 
first   word of data.  When  the  ENTER is pressed,  the  Verb  Code is changes to 
22 .  Flashing  continues  while  the  operator  punches  in  the  second  data  word. 
When ENTER is pressed,  the  Verb  Code is changed  to  23,  "load  third  com- 
ponent, ' I  and  again  the  flash  continues  while  the  third  data  word is punched  in. 
When ENTER is pressed,  the flash is turned  off,  and all three  data  words are 
placed  in  the  locations  specified by the Noun.  Throughout  the  changing of the 
Verb  Codes,  the Noun  Code was left  unchanged. 

The  CLEAR  Button is used  during  data  loading  to  remove  errors  in 
R1, R2, o r  R3. It  allows  the  operator  to  begin  loading  the  data  word  again,  It 
does  nothing  to  the  PROGRAM,  Noun, o r  Verb  lights.  (The  Naun  lights are  
blanked  by  the NOUN key;  the  Verb  lights,  by  the  VERB  key. ) In  the  following 
discussions,  the  term  Clearing  Function w i l l  be  used  to  mean:  blanking  the 
data  display  register of interest  and  placing +O into  the  buffer  storage  register 
associated with  that  display  register. 

For  single  component  Load  Verbs  the  CLEAR  button  depression  per- 
forms  the  Clearing  Function  on  which,ever  register is being  loaded,  provided 
that  the  CLEAR is punched  before  the  data  ENTER.  Once  the  ENTER is de- 
pressed,  the  CLEAR  does  nothing.  The  only  way  to  correct  an  error  after 
the  data ENTER fo r  a single  component  Load  Verb is to  begin  the  Load  Verb 
a gain. 

For the 2 -  or 3- component  Load  Verbs,  there is a backing-up  feature 
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of CLEAR.  The first depression of the  CLEAR  key  performs  the  Clearing 
Function  on  whichever  register is being  loaded.  (The  CLEAR  may  be  pres- 
sed  after  any  character,  but before its ENTER, ) Consecutive  depressions 
of CLEAR  perform  the  Clearing  Function  on th.e data  display  register  above 
the  current  one,  until R1 is cleared. Any attempts  to  back-up  beyond  R1 
are  simply  ignored. 

The  backing-up  function of CLEAR  operates  only  on  whatever  data is 
pertinent  to  the  Load  Verb which  initiated  the  loading  sequence. For example, 
i f  the  initiating  Load  Verb w a s  a load  second  component  only,  no  backing-up 
action is possible. 

The  appropriate  operator  response  to  an  internally  initiated  Yerb/Noun 
for  LOAD therefore  becomes: 

(a) The  final  ENTER of the  Loading  Bequence,  after  which  the  internal 
sequence  proceeds  normally, 

(b)  "Proceed/Proceed  Without  Data"  (V33E).  This  indicates  the  oper- 
a tor  w i l l  not  load  the  requested  data  and  desires  the  internal  se- 
quence  to  continue as best  it  can. 

( c )  "Terminate"  (V34E).  The  operator  wishes  the  internal  sequence 
to  cease  operation. 

4 . 2 . 2 .  7 PLEASE  PERFORM - Verb/Noun  Flashing 

This is always  an  internally  initiated  action, as operator  response is 
always required  to  the  "please  perform''  request,  the  verb-noun is a lways  

flashed,  and  the  internal  sequence is interrupted.  The  ' 'please  perform''   verb 
(50) is usually  used with  the  "checklist"  noun (25 )  with  an  appropriate  "check- 
l i s t  code"  number  in R1. The  appropriate  operator  response  is:  

(a) ENTER  to  indicate  that  the  requested  action  has  been  performed. 
The  internal  sequence  continues  normally. 

(b)  "Proceed  Without  Data"  (V33E).  The  operator  chooses  not  to 
perform  the  requested  action, but desires  the  internal  sequence 
to  proceed as best  it can. 

(c)  "Terminate"  (V34E).  The  operator  chooses  not  to  perform  the 
requested  action  and  desires  the  internal  program  to  cease  op- 
eration, 

The 'I please  perform"  verb (50) is also  used with  "Change of PROGRAM" 
noun (07)  and  "Engine  on Enable J '  noun (11). Its use  in   these  cases  i s  sub- 
ject to the PROGRAM in  process  and is best  described  by  referral  to  Section  4.4. 
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4.2.2.8  PLEASE MARK 

The  ' 'please  mark"  verb (51) is flashed  when  the CMC is prepared  to 
accept  optical  sighting data upon  the  pushing of the "MARK" button.  The  logic 
associated with  the  "please  mark"  function is completely  described  in 
Section  4.4. 

4. 2 . 2 . 9  Machine  Address  to be  Specified 

There is a class  of Noun available  to  allow  any  machine  address  to be 
, used.  These  are  called  "Machine  Address  to be  Specified"  Nouns. When the 

ENTER  which  causes  the  Verb-Noun  combination to be executed  senses a 
Noun of this  type,  the  flash is immediately  turned  on.  The  Verb  Code is left 
unchanged.  The  operator  should  load  the  5-octal-character  complete  mach- 
ine  address of interest.  It is displayed  in R3 , r s  it is punched  in. If a n   e r r o r  
is made  in  loading  the  address,  the  CLEAR  may be used  to  remove it. Press ing  
ENTER  causes  continuation  in  executing  the  Verb. 

4. 2. 2.10 PROGRAM Selection 

To  change  the PROGRAM the  sequence is: VERB 3 7  ENTER.  This 
causes  the Noun display  register  to  be  blanked  and  the  Verb  Code  to  be  flashed. 
The 2 character  PROGRAM code  should  then  be  loaded. For verification  pur- 
poses,  it is displayed as it is loaded  in  the Noun display  register.  The  ENTER 
causes 1) the  flash  to  be  turned  off, 2 )  a request €or the new PROGRAM to  be 
entered,  and 3) a new PROGRAM Code to  be  displayed  in  the PROGRAM dis- 
play  re  giste r . 
4.2. 2. 11 Alarm  Philosophy 

The  Operator  Error  Light is turned  on  when  the  operator  performs  some 
improper  sequence of key  depressions. 

Illegal  Verbs,  Nouns,  and  Combinations 

The  simplest   alarm  si tuation is an  attempt  to  use  an  undefined (or  
spare)   Verb Code o r  Noun Code.  The  Alarm  light is turned  on  when  the 
ENTER is pressed  that  attempts  to  execute  the  Verb/Noun  combination. No 
further  action is taken. 

It is possible to choose a Verb  that is defined  and a Noun that is defined, 
but  have  the  combination of Verb  and Noun  be illegal  (for  example,  the 
"decimal  display"  Verb  used with a Noun which.is  restricted  to  be  "octal 
only").  The  alarm  light is turned  on at the  ENTER  that  attempts  to  execute 
the  Verb/Noun  combination. No further  action is taken. 

Violation of the  following  principles  causes  the  Operator  Error  to  be 
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by V N  followed by up 
to   three  avai lable   regis ters  of 
information,  R1,  R2, R3. 

ASTRO 
ASTRONAUT Response 

RESPONSE 

No CMC 
Action 

Kev  in  "PROCEED/ 
PROCEED W / O  ' 
DATA" 

(V33E) 

CMC assumes  
displayed  data 
is co r rec t ,   t e r -  
minates  flashing 
Verb-Noun, and 
continues 

Key  in  Varies  with 

(V34E)  progress 
"TERMINATE" program  in  

to  earlier  point 

i 
1 

Press "MARK" button 
(MARK" 

CMC Not 
Awaiting 
ASTRO 

V-N- Static 

No CMC 
Action 

No CMC 
Action 

No CMC 
Action 

No  CMC 
Action 

REQUEST FOR ASTRO ACTION I REQUEST  FOR  DATA LOAD I REQUEST  FOR  OPTICS MARK 

Request  identified by V50 
("Please  Perform"),  N-id- 
entifying a function  to  be  per- 
formed o r  a  check  list,  one 

on that  check  list. 
reg is te r  R1  identifying  function 

ASTRO 
Response 

CMC assumes 
ASTRO com- 
plied,  termi- 
nates  flashing 
Verb-Noun,  and 

CMC assumes 
ASTRO did  not 
comply,  termi- 
nates  flashing 
Verb-Noun,  and 
continues 

Request  identified  by V 
and  type of data  by N -. 
Loaded  data  appears  in 
registers  R1, R2,  ,,R3. At 
completion,  key  in  ENTER". 

Request  identified  by  V51. 
A t  completion of "MARK"s 
identify  target  (f inal   entry is 
"ENTER'? 

F R e s p o n s e  Always  Awaiting 

CMC 
Always  Awaiting 
ASTRO  Response 

V-N- Flashing  V51  Flashing 

CMC takes  loaded  data, No  CMC Action 
terminates  f lashing  Verb- 
Noun and  continues I 

CMC assumes  no data  
available,  terminates 
flashing  Verb-Noun,  and 
continues if possible 

No  CMC  Action 

I - 
Varies  with  program  in P rogram  in   p rog res s  

is terminated. program  in  
process  

process .  
~ 

Incorrect  
Response I Incorrect  response I NO CMC action 

I 

If displpy is not in   use  wil l   d isplay V05N56 and  the  present  2  optics  angles 
and  t ime  for a minimum of 10 secs .  

CMC reads  2  optics  angles,  
3 CDU angles,   and  t ime, 
terminates  f lashing  Verb- 
Noun if a suitable  number 
of marks  have  been  n.ade 
and  continues 

ASTRONAUT RESPONSE  TO DSKY DISPLAYS 

AND CMC RESULTANT ACTION 
Table 4-1 



turned  on. No further  action is taken, 
An undefined (or spare)   Verb must not  be  used. 
An undefined (or  spare)  Noun must  not  be  used. 
In  octal  display  and  monitor  verbs  and all load  verbs,  the 
component  number of the  verb  must  not  exceed  the  number 
of components  in  the noun. (Note, all "machine  address  to  be 
specified"  nouns  are  considered 1 component,  except noun 01 
which may be used with any  verb. ) 
The  octal  display  and  monitor  verbs  must not  be used with a 
"decimal  only"  noun. 
The  decimal  display  and  monitor  verbs  must  not  be  used  with 
an  "octal  only" noun. 
The dp decimal  display  and  monitor  verbs  (07.17)  must not be 
used with mixed  nouns  (codes 55-77). 
No load  verb  may be used  with  a noun restricted  to  be "no load". 
A l l  nouns  having  the  split  MIN/SEC  scale for any  component  are 
"no  load"  for  the  entire noun. 
An input  code  other  than  those  which  are  defined is received  from 
the  Keyboard, 
The  contents of the  register  used  to  determine which  Display 
Panel   character  is to  be  lighted  has  exceeded its limit .  

Illegal  Data a.nd Recycle 

Many  legal  Verb/Noun  combinatians  require  the  loading of additional 
data  (either  numerical o r  machine  address).  It is ,possible  that  the  data  sup- 
plied  may itself be improper for the Noun selected.   Examples  are:  (1) the 
numerical  data  exceeds  the  maximum  value  allowed  by  the  scale  factor as- 
sociated with the Noun,  and ( 2 )  decimal  data is loaded  into  an  "octal  only'' noun. 

In general,  the  offense is detected  at  the  final  ENTER of the  loading se- 
quence.  The  alarm is turned  on  and  a  recycle is performed  back  to  the  beg- 
inning of the  loading  sequence.  The  flash is left on, and  the  data  display  reg- 
ister  associated with  the first data  word  in  the  sequence is blanked  again. It 
is necessary  for  the  operator  only  to  supply  the  data  again;  he  need not attempt 
to  re-execute  the  Verb/Noun  combination.  (Note, i f  decimal  data is supplied 
for the  address of a  "machine  address  to  be  specified" noun, the  alarm  and 
recycle are performed  at  the  ENTER  immediately  following  the  address  word. ) 

Violation of the  following  principles  causes  the  Operator  Error  to  be 
turned  on,  and a recycle  to  be  performed. 
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The  address  keyed  in  for a "machine  address  to  be  specified" 
noun must  be  octal. 
In  multi-component  load  verbs, no mixing of octal  and  decimal 
data is permitted.  All  the  data  words  loaded  for a given noun 
must  be either all octal o r  all  decimal. 
Octal  data  must  not  be  loaded  into a "decimal  only'' noun. 
Decimal  data  must not  be loaded  into  an  "octal  only'' noun. 
Decimal  data  loaded  must  not  numerically  exceed  the  maximum 
permitted by the  scale  fa.ctor  associated with the  appropriate 
component of the  noun. 
Negative  decimal  data  must  not  be  loaded  using  the Y optics 
scale.  
A l l  3 words  must be loaded  for  the  Hours,  Minutes,  Seconds 
scale.  
When loading  with  the  Hours , Minutes,  Seconds  scale,  the  min- 
utes  must  not  exceed 59; the  seconds  must not exceed 59;99; 
the  total  number  must  not  exceed 745 hours,  39 minutes, 14. 55 
seconds. 
Two  numerical  characters  must  be  supplied  for  the PROGRAM 
Code  under V37. 

Opera tor   Er ror  and  Key  Rejection 

There   a r e  two  situations  which  cause  the  Operator E r ro r  light  to  be 
turned on and  the  offending  key  depression  to  be  simply  rejected.  These are: 

1) An attempt  to  ENTER a decimal  data  word  having  fewer  than 5 

numerical  characters.  The  ENTER is simply  rejected,  The 
f lash is left  on  and  the  Verb  Code is not  advanced.  Thus it is 
possible  to  supply  the  remaining  numerical  characters  and  to 
press  ENTER  again  for  the  same  data  word. O r  the  CLEAR 
key  may  be  used if  the  operator  wishes  to  begin  loading  the  of- 
fending  data  word  again. 

2 )  An 8 or  9 is punched  while  loading  a  word  which w a s  not  preceded 
by a plus or  minus  sign.  The 8 or  9 is simply  rejected,   The re- 
maining  characters  may  then be  supplied o r  the  offending  word 
removed  and  its  loading  begun  again. 
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4. 3 GNCS Failure  Monitor 

The GNCS performance  and  operational  readiness  are  self-monitored 
and  caution  and  warning  information  are  displayed  to  the  crew.  Two  warning 
( r ed )  lamps are actuated by the GNCS on the  Caution/Warning Panel: CMC 
Warning  indicates  computer  failure; ISS warning  indicates  failure of the 
inertial  subsystem.  Also a GNCS Caution  (amber)  lamp is actuated  to  in- 
dicate  non-critical  problems  in  the  system.  Further  detail  regarding  the 
caution  items is displayed by means of the DSKY event  lamps  and  the 
DSKY data  registers  ( in the  event of a program'alarm).  The  failure 
monitor  mechanization is shown in  Figure 4. 2.  

4.3.1 CMC Warning 
A CMC warning  alarm is generated  in  the  event of CMC 

power  fa i lure ,   scaler   fa i lure  of either of two types,   res tar t  o r  
counter  fail  during CMC operate or in  response  to an a la rm test pro-  
gram. A s  is shown in Figure 4-2 a scaler   fa i l  o r  prime  power fail 
results  in  immediate  alarm  indication  whereas  the  other  inputs  are 
buffered by a filter s o  as  to  prevent  momentary  transient  disturbances 
which recover  from  causing a warning  alarm.  In  this  subsection  the 
various  inputs  and  conditions  associated with CMC warning  are  de- 
fined. 

SCAFAL - Occurs if scaler   s tage 17 (1. 28 sec  per iod)   fa i ls   to  
produce  pulses.  This  provides a check  on  the  timing for  al l  
logic  alarms. 
COUNTER FAIL - Occurs  if counter  increments  happen  too 
frequently or else   fa i l  to happen  following  an  increment  request 
"Too  frequently"  means  continuous  counter  requests  and/or 
incrementing  for  from , 0625 ms  to   1 .875  ms.  
SCADBL - Occurs if  the 100 pps  scaler  stage  operates at a 
pulse  rate of 200 pps o r  more.  

PARITY  FAIL - Occurs if any  accessed  word  in  fixed o r  e r a s -  
able  memory whose address is octal 10 o r  greater  contains  an 
even  number of "ones". 
R U P T  LOCK - Occurs  if interrupt is either  too  long o r  too in- 
frequent.  The  criterion  for  "too  long" is phase  dependent 
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varying  from 140 ms  to 300 ms.  Likewise  the  criterion  for 
"too  frequent"  varies  from 140 ms   to  300 ms .  

TC  TRAP - Occurs  if  too  many  consecutive  TC o r  TCF  in-  
s t ruct ions  are   run o r  TCF  instructions  are  too  infrequent.  The 
criterion  for  "too  many"  varies  from  5 ms to 15 ms  durat ion.  
The  criterion  for  "too  infrequent"  varies  from  5  ms  to 15 m s  
absence, 

NIGHT  WATCHMAN - Occurs  if the  computer  should fail to 
access  address 67  within a period  whose  duration  varies  from 
. 6 4  sec  to  1.92  sec. 

V FAIL - Occurs  if  the CMC voltages (28, 14, 4) a r e  out of 
limits.  This  signal  produces  STRT 1 if  it stays  on  for a period 
of between 157 and 470 p sec.  If the  computer is in  the STAND- 
BY mode,  an  input  to  the CMC WARNING FILTER is generated 
simultaneous  with STRT 1. The  following  criteria  apply for 

V FAIL: 14 V Supply 7 16V 
4 v Supply 7 4.4v 14 V Supply < 12. 5V 
4 V Supply < 3.65V 28 V Supply <-22.6V 

STANDBY - This is a  signal  which  turns  on  RESTART  and 
turns off the  switchable +4 and +14 voltage,  thus  putting  the 
CMC into a low power  mode  where  only  the  scaler,  timing 
signal,  and a few auxiliary  signals  are  operative. STANDBY 
is initiated  by  first  setting  the  ENABLE STANDBY outbit 
(CH13 B l l ) ,  and  then  pressing  the STANDBY button  on  the DSKY 
for a time  which  varies  from  .64  sec  to  1.92  sec,  at  the  end 
of which  time  the STANDBY  LIGHT is turned  on. ( A l l  CMC 
alarms  are  inhibited  during  the  standby  mode  with  the  exception 
of CMC Warning,  which  can  be  caused by  VOLTAGE  FAIL or  
SCALER  FAIL;  and  TEMPERATURE  CAUTION,  which  can  be 
caused  by  TEM  ALARM;.)  Normal  operation is resumed by 
pressing  the STANDBY button  on  the DSKY again,  time of de- 
pression  same  as  above. 
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RESTART - RESTART  occurs at next  time 1 2  following  occur- 
rence of any  one o r  more  of the  parameters  shown  in  Figure 4-2  

except OSCILLATOR FAIL, 

RESTART  occurs  immediately  and  forces  time  counter to 
1 2  upon  occurrence of OSCILLATOR FAIL,  (See  paragraph 
"1" below. ) 

RESTART  causes  the  computer  to transfer cont ro l   to  
address  4000 as soon as it disappears. It se t s  a flip-flop  which 
lights  the  RESTART CAUTION lamp  in  the DSKY. The  Flip- 
flop is reset   e i ther  by the ALARM  RESET  hard-wired  signal or  
by  the CAUTION RESET  outbit CH 11 B 10. ALARM  TEST 
operates  the  lamp  but not the  flip-flop. 

WARNING FILTER - This  circuit  is used  to  operate  the CMC 
WARNING output  following  repeated o r  prolonged  occurrence 
of parameters  shown  in  Figure 4-2.  All   occurrences of these 
signals are stretched so that no more  than  one  input  to  the  f i l ter  
is generated  in  each 160 millisecond  period.  Approximately six 
consecutive  stretched  pulses  cause CMC WARNING to   t u rn   on   fo r  
about 5 seconds.  Non-consecutive  stretched  pulses  may  also 
cause CMC WARNING after an  interval  dependent  on  the  frequency 
of the  pulses.  The  output  will  not  occur if input pulses  occur  at  
a frequency of less than 0. 9 pps; and the output  will  remain op if 
pulses  occur at a trequency of 0.7 pps or more.   The  threshold 
of the  f i l ter   resumes its normal  level  with a time  constant of 
many  seconds after the filter has  received  inputs,  An  immediate 
rese t  of the  CilE  FAIL  due  to a WARNING FILTER  output is 
therefore not  possible. 

OSCILLATOR FAIL - Occurs if the  oscillator  stops. Has 
nominal  250-millisecond  delay  to  keep  signal  present after the 
osci l la tor   s tar ts ,  Also occurs  when CMC is in STANDBY 
because of loss  of power  to  front  end of circuit,  This  gives 
250-millisecond  delay  in  starting  when CMC comes out of 
STANDBY into  OPERATE,  Causes  immediate restart without 
waiting  for  time  pulse 12. 
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4.3.2 ISS WARNING 

The ISS WARNING signal is the  logical "OR" of the  follow- 
ing  parameters,   any one of which wi l l  cause   an  ISS WARNING under 
the  following  conditions: 

(a) IMU F a i l  
(1) IG Servo Error - greater  than  2.9 m r   f o r  2 sec 
(2) MG Servo   E r ro r  - greater  than  2.9 mr for  2 sec 
(3)  OG Servo   E r ro r  - greater  than 2.9 m r  f o r  2 sec 
(4) 3200 cps - decrease   to  5070 of normal  level 
( 5 )  800 wheel  supply - decrease to 5070 of normal   level  

These  parameters  are generated  in  the  Inertial  Subsystem. 
However,  the  "FAIL"  signal  itself is under CMC program  control . 
It is ignored  by  the CMC program  when  the GNC system is in  the 
Coarse  Align Mode and  during  the  5  second.  interval  following 
Coarse Align.  During  this  mode the servo  errors   normally  exceed 
the  above criteria. 

(b)  PIPA  FAIL 

Occurs if no pulses arrive from  a  PIPA  during a 312. 5psec  
period, o r  e lse  if both  plus  and  minus  pulses  occur, o r  if a "long 
time"  elapses  without at least  one  plus  pulse  and at least one  minus 
pulse  arriving,  By  "long  time" is meant a period of between  1.28 
sec  and  3.84  sec. 

This  FAIL  signal is generated  totally  within  the CMC and  thus 
is completely  under CMC program  control. Its generation is enabled 
by  the CMC only  during CMC controlled  translation o r  thrusting 
maneuvers. 

(c) ISS CDU FAIL  (Monitored  for  each of 3  CDU's) 

(1) CDU f ine   e r ror  - in  excess of 1. OV r m s  
(2) CDU c o a r s e   e r r o r  - in   excess  of 2.5V r m s  
(3)  READ  COUNTER limit  cycle - in   excess  of 160 cps 
(4) COS ( 8 - b ) - below 2. OV 
(5) +14 DC Supply - decrease  to  5070 of normal  level 

These  parameters  are generated  in  the  Inertial  Subsystem. 
However,  the "FAIL" signal  itself is under CMC program  control. It 
is ignored  by  the CMC program  when  the G&N System is in  the CDU 
Z e r o  Mode. During this. Mode the CDU errors   normally  exceed  the 
above criteria. 
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4. 3.  3 GNCS Caution 

The GNCS Caution  lamp is actuated by the  following un- 
desirable  but  non-critical  events: 

CMC Restart  during  Operation,  In  the  event of Restart   during 
operate a latch is set in  the CMC which  maintains  the GNCS 
Caution  alarm  and  the  RESTART  lamp on the DSKY until  the 
latch is reset by  program o r  until  the  latch is manually reset 
by ALARM RESET. For further  detail  see section 4. 3 .4 .  

Temperature out of Limits.  The CMC receives a signal  from 
the IMU when  the  stable  member  te'mperature is in  the  range 
126.3'F t o  134. 3'F. In'the  absence of this  signal,  the  Caution 
alarm  and  the  TEMP  lamp on  the DSKY are actuated. 

Gimbal  Lock.  When  the CMC determines  that  the  middle  gimbal 
angle (MGA) of the IMU is greater   than 70°, the  Caution  alarm 
and  the  Gimbal  Lock  lamp  on  the DSKY are actuated,  When 
MGA exceeds 85' the ISS is downmoded to  Coarse  Align and the 
No Attitude  lamp  on  the DSKY is actuated, 

Program  Alarm.  Under a variety of situations a program  a la rm 
is generated.  Figure 4-2  illustrates  one  example,  that of PIPA 
fail when  the  vehicle is not in a thrusting  mode,  Under  program 
control  the CMC inhibits this alarm for  10 sec after system 
turn-on.  The  program  a.larm.  actuates  the  Caution  alarm  and  the 
Program  lamp on the DSKY. F o r  further  information see 
section 4.3.4. 

4.3.4 . Restart   and  Program  Alarms 

When the  Restart  cr Program  Alarm  lamps  are illuminated 
on  the DSKY, either V 05 N 31 will  automatically  appear  on  the DSKY 
with a key  to  the  source of the  alarm  displayed  in R 1  or by astronaut 
call up from the DSKY this  information  can be made  available. 
This  allows  the  astronaut  to  identify  and  normally  correct  the  alarm 
condition.  The  listing of program  a la rms  is included  in  Section 4. 4. 
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PROGRAM CAUTION 
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4 . 4  Logic/Timeline/Ckcklist   Diagrams 

These  diagrams  outline  the  detailed  logic of the  inter-relationship  between  the 
CMC/Crew/Ground. For ease  of correction  and  reproduction  the  diagrams  have  been 
incorporated  on IBM cards  and  are   presented  as  a computer  printout. 

The  diagrams  contain  seven  columns: 

(1) Program  Control 
The  sequence  logic  and  interface 

( 3 )  Ground  relationships of the  CMC/ground/cre w 
(4) Crew 
(5)  Crew  Checklist - A checklist  corresponding  to  the  crew  activities 

of (4) above, 

(6) Time - The  time  required  to  perform  the  individual  sequences  des- 
cribed  in ( 2 ) ,  (31, (4)  above. 

(7) Total  Time - The  time  required  to  perform a PROGRAM or ROUTINE, 

To effectively  construct a nominal  mission  timeline  columns (6) and (7) must 
be  completed  for  each PROGRAM or  ROUTINE. 
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FIG. 4-3 I N F L I G H T   A L I G N M E N T   L O G I C  - C S M l l M U   A L I G N   P R O G R A M  ( P 5 3 )  

ATT M A N  

ATT MAN 

C A  

STAR SIGHT fLAG 

G 
ATT MAN 

CA = COARSE ALIGNMENT 

FA = FINE  ALIGNMENT 
D€fINITfONS : 

ATT M A N  = ATTITUDE  MANEUVER 
AS],  AS2 = STAR SlGHTlNGS  WITH  OPTICS  INITIALLY  POINTED BY THE C M C  
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APOLLO COMPUTER LOGIC CHECKLIST INTEKFACE 

PROGRAM - ROUTINE INDEX 
>- 
w 

'a 
PJ MISSION 276 - CMC PROGRAMS AND ROUTINES 

PHASE PROGRAM 
NUMBER 

PROGRAM TITLE 

PRE- 

AND 
LAUNCH 

SERVLCE 

BOOST 

COAST 

00 

01 

02 

0 3  

04, 

05 

06 

07 

CMC IDLING 

PRELAUNCH.  INITIALIZATION ** 
GYRO CONPASSING **- 
OPTICAL! VERfFICATION OF AZIMUTH$ ** 
INERTIAL REFERENCE wt 

GNCS  START UP 

GNCS POWER DOWN 

SYSTEMS TEST (NON-FLIGHT) ** 

10 """"+ 

11 EARTH 3RBIT INSERTION  MONITOR 

12 

13 ""-* 
14 ""-* 
15 ""-e 

16 

17 

""* 

""* 
"e"* 

20 RENDEZVOUS NAVIGATION 

21 GROUND TRACK DETERMINATION 

22 ORBITk NAVIGATION 

23 CISLUNAR MIDCOURSE!NAVIGATION 

REV 5 11/02/66 



L 
1 

h 
3 

I Z  
1\11 

c m  



INDEX/CSM/Z 

55  

5 6  

57 

EkTRY 60  

6 1  

62 

6 3  

64 

65 

66 

67 

A0ORT 70 

71 

7 2  

73 

74 

75 

76 

77 

""..* 
""-* 
""-* 

""* 
HANEUVER  TO CM/SM SEPARATION ATTITUDE 

CM/SM SEPARATION AND PRE-ENTRY  MANEUVER 

ENTRY I N I T I A L I Z A T I O N  

POST 0.05G 

UPCONTROL ** 
BALLIST IC  ** 
FINAL PHASE 

""-e. 

""-* 
""-* 
""-* 
LM  TRANSFER PHASE 1NIT. IATION  (TPI )  TARGETING 

LM TRANSFER PHASE  (MIDCOURSE)  TARGETING 

-""+ 

""* 

ROUTINE REV-DATE ROUTINE. T I T L E  

PROGRAM SELECTION CHECK 

IMU STATUS CHECK . 
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APJLLO COYPUTER LOGIC  CHECKLIST  IVTEWFACE 

PURPOSE: 

CMC I D L I N G  PROGRAM ( P  00) REV 6 1 0 / 3 1 / 6 6  

(1) TO PROVIDE  A PROGRAM  TO F U L F I L L  T;IE FOLLONIhG  2EOJIREMENTS: 

(A)  PROVIDE AN INDICATION TO THE CREW THAT  ThE CMC IS ENGAGED I N  NO CONTROL OR COMPUT 
MIGHT  RElUIRE  CONSIDERATION  F3R  COORDINATION  dITH OTHER CREW  TASKS I N  PROGRESS. 

ATIONAL  OPERATIONS WHICH 

( 6 )  TO MAINTAIN THE SNCS I N  A C O W I T I O N   HERE RANDOM MANUAL ATTITUDE 1IAIUEUVERS CAN bE MADE BY THE CREliv WITH 
MINIMAL CONCERN FOR THE GNCS (SEE ASSUMPTI3N 3 ) .  

(C)  MAINTAIN THE CMC I N  A CONDITIJN OF READINESS FOR ENTRY INTO ANY PROGRAM THAT  NEED NOT BE PRECEEDED B Y  ANOTHER 
SPEC1 F I C PROGRAM. 

ASSUMPTIONS: (1) THE CKC I S  Oh. 

( 2 )  THE IMiJ MAY OR YAY N3T  BE ON. IF ON THE IMU I S   I N E R T I A L L Y   S T A 6 I L I Z E D  BUT hOT  NECESSARILY  ALIGNED TO AN 
ORIEhTATION  NHICH IS KEJOdV TO THE CMC. 

( 3 )  I F  NON-GNCS CDNTROLLED ATTITUDE MANEUVERS AHE WADE try THE CREM CARE MUST 6 E  TAKEN T O  A V O I 2  IMU GIMBAL LOCK. THE 
I Y U  GIMBAL  ANGLES MAY BE  YONITORED BY OBSERVING THE ICOUS (V16 &20) OR BY MONITORING THE FDA1 aALL (THE  BALL  REPEATS 
IMU  GIMBAL ANGLES ONLY WHEN THE GNCS iS SELECTE3) 

(4) DURIkG  Tr i IS  PR3GRAM THE CHC ERASAaLE STORAGE M A Y  BE I N I T I A L I Z E D  B Y  KEYING I N  V36E  (FRESH  START).  THIS  nOULD BE 
DONE ONLY AT I N I T I A L  GNCS STARTUP (SEE  PO51 OR  WHEN THE CONTENT OF THE CMC ERASABLE STORAGE IS I N  QUESTION, I F   T H I S  
ENTRY IS PERFORMED THE CYCSS KkOWLEDGE OF THE PRESENT STATE VECTOR  AND THE  PRESENT I M U  ORIENTATION  (REFSkMAT) IS . 
INVALIDATED. 

( 5 1  ThE PROGRAM  YAY BE MANUALLY SELECTEC; BY THE AST20NAUT BY DSKY EiilTRY OR AUTOMATICALLY  SELECTED BY S P E C I F I C  
PROGRAMS. T A I S  PROGRAM CANNDT BE SELECTED  DURING  Td2USTING OR ENTRY PROGRAMS. 

PRGG 
CON1 

AGC G43UidD 

CMC  PROG 
SELECTION . 

a ... . 
"""""""""" 

DO PROGRAM SELECTIOIV 
CdECK ROUTIh€ ( R o l l  .o.................. . 

CRELw CHECKLIST 

CREW PROG 
SELECTION . 

0. .  . 
"""""""""" I &EY V37E OOE 
KEY It$ CMC I D L I N G  
PROGRAPi (PO01 

J37E OOE 
"""""""""" 

TIME  TOTAL 
T I k E  

*IO 

9 

.2I) 
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- .  

. . 
"""""""""" I 1  PERFCJRI~I  PROGRAM SELECTIOlv CHECK .................... DO PROGHAhl SELECTION  ROUTINE ( R o l l  
CHECK ROUTINE (201) 
"""""""""" 

"""""""""" 

""""""") . . """""""""_ . 
START CMC I D L I N G  .................... 
PROGRAM (POO) 
DISPLAY PROGRAM 00 
"""""""""" . . 
"""""""""" 

TERMINATE AVERAGE G 
ROUT I NE . . 
"""""""""" 

RESET  FOLLOWING 
FLAGS:  RENDEZVOUS* 
UPDATE*  TRACK* PRE- 
FERRED  ORIENTATIONI 
TRIM-  OPTICS  ENABLE 

~ ~" "_ 

"""""""""" . . . """"""""_ 
EXTRAPOLATE  STATE 
VECTOR FORdARD TO 
PRESENT TIME EVERY 
9 MIN. 
"""""""""" 

"""""""""" 

PERFORM DSKY TEST 
UPON  COHMAND ..................... 
"""""""""" . 

. 

. . 

MONITOR DSKY: 
OBSERVE DISPLAY OF 
PROGRAM 00 
"""""""""" . . . . . . . . . . . . . . . . . . . . . . . . . . 
"""""""""" 

PERFORM DSKY TEST 
I F  DESIRED 
"""""""""" . . . 

"""""""""" """""""""" 

PERFORM C  RELAY PERFORM C  RELAY 
TEST UPON C O W " D  w................... 'TESTS IF DESIRED 
"""""""""" . """""""""" 

ff 30 

CHECKLIST 
NOTES: 

1. GNCS ATTITUDE CONTROL IS AVAILABLE &4G 
BY MtAluS OF STANDARD RCS  DAP 
PROCEDURES. 

2. ORBIT PARAMETERS MILL aE  DISPLAYED 
BY SELECTIOh OF R 30 (V64E).  

3. GNCS DATA WILL BE  DISPLAYED BY 
MEANS OF STANDARD DSKY PROCEDURES. 

Y50 

i f60 

4. NEd PROGRAM  MAY BE SELECTED BY 
V37EXXE 

270 





APOLLO COMPUTER LOGIC CHECKLIST INTERFACE 

(3) THIS PROGRAM DOES  NOT INCLUDE TURN ON OF THE OPTICS. THESE QROCEDLR€5 ARE U S E D  IN T)(Isf: - W E R E  OPTICS 
USE I S  REWIRED. 

(.I# ONLY I N  CASES. OF EMER%NCY  SHOULD. THE ISS BE POWERED W N  WON0 THE .5FMIoBY UmOnILm BY urrrUlIM6 IUU WATER 
POWER OFF ( I N  HTR. MNA-OFF:  AND IHU HTRt MNB-OFF) IF IW HEATER POWER I S  nR N 4 u 3 .  20 HIuyuTrS YITH THE 
IMU OPERATE POWER. OFF+-OR LONGER THAN 10 MINUTES WITH fMJ OPERATE  POWER -1 'HIE Us CU-TIOIS fs  )dD U W E R  VALID, i 

ERASABCE STORAGE. THE  UPDATE  PROGRAM (P27) WOULD HAVE TO BE DONE TO U M €  'FHE ST- VI- WQ, .EOlWUT€R: .CLOCK TIME. 
THE COIIPUTER POWER, I S  SWITCHED OFF I T  WLLL  BE  NECESSAR% TO PERfORH A FUESH SfAKf (Y3&€) TO UITTLUSZE THE 

15) THE CMC I f  CAPABLE OF MAINTAINING~ AN  ACCURATE VALUE OF 6 R O W  EL- TIWE -1 F O R ,  OYCY 23 MRS Ut4EU I N  W E  
STArSOBY MODE. If THE CMC I S  NOT  BROUGHT OUT OF  THE S T A W Y  U)NDIllON To- RUlllfN6 to1rOnm # . B E  c2) W V E )  AT LEAS 
ONCE WWIIN  23 HOURS THE CMC VALUE OF*GET MUST BE UPDATED BY P W M  2'7. 
( 6 )  Tf4E P M A C I  IS. SELECTED BY THE ASTRONAUT  BY OSTW ENTRY. 

PROG' 
CON1 

CWC GROUND CREW OeEucUsr 

"""" 
I S  CMC I N  STANDBYT- 
tCMC SFAWD6Y LIGHT/ 
PB ON fHE MAIN AkD 
LE6 DSKYS IS ON.). 
" 

O Y  ON 

/z 

a 

*LO 



"""""""""" 

PERFORM RESTART .................... 
"""""""""" . . . . . . . . . . . . . 
DISPLAY PROGRAM -- """""""""" . 

(OLD PROGRAM) .................... 
"""""""""" . 

"""""""""" . . . . /3 -. 

. . . . . 
"""""" 

PUT CMC I N  WER- 
ATE MODE BY 
PRESSING STANDBY 
BUTTON """""""_ ~~ ~ ~~- . . 
"""""-". 

a 

OBSERVE STANDBY 
LIGHT TURN OFF* 
""""". . . . . 
""""""". 

OBSERVE CflC 01s- 
PLAYS OLD 
PROGRAM 
"""""""t . . . 
""""""", 

PRESS ALARM 
RESET 
""" . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -----------~ . 
MONITOR DSKYS 
AND GNCS ALARM. 
DISPLAYS. CHECK 
ALL GNCS  ALARMS 
TO BE CLEAR . 
""""-I"-. . . 

e 

. . . 
""""""" 

KEY IN CNCS 
STARTUP PROGRAM. 
(PO51 

V37E OSE 
"" . . """-""" 
DO PROGRAM SELECTION 
CHECK ROUTINE ( R O l l  """""""""_ 

Y20 

#30 

1160 

Y 7 0  
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I 0 P05/CSM2/278 
0 

0 

e 
0 

<' .- - 
s I ., 

C""""""""" ,. .- """"""""_ 
t. " STRRT CNCS x.> MONITOR DSKY: 

a PROGRAM 05 > DISPLAY PROGRAU 05 
STARTUP PROGRAM ~ P ~ 5 ~ o o o o o o o o o o o o o ~ o o o o o a  OBSERVE DISPLAY OF 

"""""""""* """""""""_ 
0 

e 
0 """""""""_ 

IS STANDBY FLG  SET? 

O N  O Y  

""""""""" 

0 

0 

""""""" 

0 

0 

I 
RESET STANDBY 
FLAG 
"""""""" 

0 

e 
0 

UPDATE CMC CLOCKS 
"""""""" 

""""""" 

0 

0 

0 

"""""" 

WAIT 3 SECONDS. 
"""""""" 

0 

0 

0 """""""""- 
0 

0 

0 

FLASH VERB-NOUN TO 

a PERFORM ISS TURN ON: 
o o o o e e e o o  REOUEST PLEASE 

HOLD V50  N25 
R1-00060 
RZ-BLANK 
R3-BLANK 
"""""""" 

lp 

3"""""""""- 

a MONITOR DSKYt 

e VERB-NOUN  TO REOUEST 
o o e o o e e e o o o e e o e e e o e o  OBSERVE FLASHING 

fSS TURN ON 
"""""""""" 

0 

0 

0 

0 """""""""" 

0 DO I hANT TO  TURN ON 
0 I MU? 
0 """""""""" 

a O Y  ON 
0 

0 

a 0 

0 0 
"""""""""" """" 

WAIT FOR KEYBOARD e 

ENTRY 
KEY IN 

~ ~ o e e e e e o o o e e e e e e e e o ~ o e e o o ~ ~ e o e  PROCEED 
a 0 V33E 

"""" 

0 0 

0 0 

0 0 

0 a 
0 0 

Y80  

190 

1.100 

#110 

1.120 

#130 
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"""""_ 
CMC RECEI- 
VES IMU OP- 
ERATE AND 

QUEST BITS 
TURN 01'4 RE- """""_ 
"""""" 

SET COARSE 
ALIGh El\rABLE 
B I T .  (CCIUSES 
ALL  GIMBALS 
TO DRIVE TO 
ZERO) 
"""""" 

"""""" 

SET ZERO CDU 
B I T .  (ZEROS 
I C D U   G I I ~ B A L  
ANGLE 
COUNTERS) 
"""""" 

"""""" 

UJAIT 90 SEC 
"""""" 

"""""" 

SET B I T  
CAUSIhG 3E- 
hOVAL OF 
TURN Ch 2 E -  
GUEST B I T .  
"""""" 

. 

. 

. . 

* 

"""""""" 

SET CONTROL 
S~UITCHES PER . CHECKLIST I N -  

0 * 0 0 * * 0 e * * * * * * * * * * o *  CLUDIlvG IMU MODE . S k I T C H  TO 
OPERATE. 
"""""""" 

* 

* 
"""""""" 

OBSERVE NO AT1 
LIGHT COME ON. 
WAIT 90 SEC FOR. 
COMPLETION OF . TURN ON SEQUENCE 
AEvD LIGHT TUiZN 
OFF 
"""""""" 

* 

0 

* 

e . 
* 

* 
e 

* 
e . 
e * 

e . . e 

* . 

# 140 

#150 

#160 

P170 



e . 
"""""" 

RESET COARSE 
ALIGN  EhABLE 
AND  ZERO CDU 

INERTIAL) 
"""""" 

TERMIElATE FLASH  UPON 
RECEIPT OF ENTER  OR 
NEW PROGRAM 

.E 
mN 

.P 

.T 
m R  

*E 
00 

mR 
.C 
e E  

e mE 
e eD 

"""""""""" 

. 
e 

. . """"""""_ 
RESET IMU ORIEN- 
TATION  KNOWN  FLAG e 
(REFSMFLG) e ""-"""""" 

e 
e . 

""""""""" 

SET ISS ZERO FLAG 
(ISS ZERO  IhDICA- 
TES IMU OPERATE e 
BIT IS PRESENT 
AND IMU TURh-OFF e 
REQUEST B I T  
REMOVED) """"""""_ e 

. 
e 
e 

e 

e 
e 

e e e e e m o e m o m * m m * e m m e m  KEY I N  ENTER 
"""""" 

e """""" 

"""""""""" . 
GO TO CMC IDLING e e m e m m e m m e m m m m m m . m e m  OBSERVE  TERMINATION 
TERMINATE  PO^ A ~ J D  e MOIVITOR DSKY: 

"""""""""" 

PROGRAM ( P O O )  OF PO5  AND  DISPLAY 
"""""""""" OF PO0 

"""""""""" 

e 
e . 
e 

e 

Y 1 9 0  

# Z O O  

Y220 

it230 
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U 

In 
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0 
a 

ln 
0 
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X 
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"""""""""" """""""""" 

START GNCS 
POviER DOWN 
PROGRAM (PO61 
DISPLAY PROGRAM 06 

~ ~- 

MONITOR  DSKY: 

OF PROGRAM 06 
m m m m m m m m m m m o m m m m m m m m  OBSERVE DISPLAY 

"""""""""" 

"""""""""" 

"""""""""" 

CrlECK DISCRETESm 
' IS IMU OPERATE B I T  

PRESENT? 
"""""""""" 

Nm m Y  

POSS 

. m m m m m m  

HOLD 

FLASH VERB-NOUN 
TO REOUEST 
PLEASE PERFORM 
IMU POWER  DOUJR: 

V50   N25  
R 1 - 0 0 0 6 1  
R2-BLANK 
R3-BLANK 

"""""""" 

w 

"""""""""" 

MONITOR  DSKY: 
OBSERVE VERB-NOUN 

PLEASE PERFORM8 i # U  
m m m m o m m m m m m m m m m m m m m m  FLASH TO REOUEST 

POWER DOWN 
"""""""""" 

O Y  mN 

"""""""_ 
DO I IXSH TO 
POWER  DOWN 
THE IHU? """""""_ 

m Y  mN 
w . 

"""""""" """""_ 
WAIT FOR KEY-. 
BOARD ENTRY * m o m * m * * m * m * m m o o m m o ~  MODE SWITCH 

w 
TURN I H U  

TO STANDBY. """""_ 
"""""" 

w 

* * m m * * * * m m m o o m m m m m m m  KEY IN ENTER 
"""""". 

Y30 

Y40 

Y50 



21 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TERMINATE  FLASH 
UPON  RECEIPT OF 
PROCEED OR ENTER 
"""""""" 

.P 

.R 

.O 

.C 

.E 

.E 

.G . . . . . . . . . . . . . . . . 

.E 

.N 

.T 

.E 
mR . 

"""C" 

RESET IMI, 
ORIEi4TA- 
T I O N  
KNOWN 
FLAG  (REF 
SMFLAS) """"_ . . . """"_ 
RESET ISS 
ZERO FLAG """"_ . . 

e 
"""""""""" . FLASH VERB-NOUN TO ....... REQUEST PLEASE  PER- 

HOLD 
. FORM CMC  POWER DDwiJ: 

V50 N 2 5  
R 1 - 0 0 0 6 2  
RZ-BLANK 
R3-BLAbiK 

"""""""""" . . . 
e 
e . . . . . . . . . . . . . . . . . 

. . . . . . . . . ........................... . 

. .................... . 

. . . . . . . . . . 
e . . . . . . . . . . . . . . 

. . . . . . . . . . . 
""""" 

KEY I N  . 
PROCEED 
""""" . . . . . . . . . . . . 

e . . . . . . . . . . . . 

POb/CSMZ/278  

Y80 

# 100 

1110 

11120 

"""""""""" 

MONITOR DSKY: 
OBSERVE VERB-NDJfi 
FLASHIlvG TO REQJEST 
PLEASE  PERFORY CMC 
POWER DOWN """""""""_ . . . 
"""""""""" 

DO I &ISH TO POWER 
DOkN THE CMC? """""""""_ 

.Y .k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P 0 6 / C S M 2 / 2 7 8  . . 
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22 

- . . . . . . 
"""""""""" """"""_ 
WAIT FOR-KEYBOARD .................... KLY xri ENTER 
EYTRY . (r\iOTE: THSS 

IS THE ONLY 
CASE WHERE AN 

TERMINATE  FLASH JPON 
RECEIPT OF PROCEED 
"""""""""" 

. e "-""" 
RESET IMU 
DRIENTA- 
TION . 
KNOWN . 
FLAG (RE- 
FSHFLG) 
"C""" . . . 0 

0 . . . . 0 . . . . . . . . . . . 

ENTER MUST BE 
MADE PRIOR T3 
CHEW CONCUR-- 
RENCE k I T H  
AN  CMC RE- 
QUEST FOR PER- 
FORE4ANCE.) """"""_ . . . 
""""""L 

PRESS STANDBY 

SERVE STAEUD 
BY LIGHT COME 
ON 

BUTTON. OB- 

""""""_ . . . ... 
R 

E X I T  PO6 

""" 

1 . . . . . . . 
e 
a . . . . . . 
e . . 
a . . . . . 
e . . . . . 
e 

Y130 

t140 

2150 

. . . . . . . . . . . . . . . . . . . 
a . . . 

Yl60 



-"""" " _ ~  ~ . 

RESET IS5 
ZERO FLAG """"- 

e 
8 

e """"- 
SET STAND-. 
BY FLAG e """"_ 8 

e e 
8 8 

e e """"_ 
STORE CMC 
CLOCK e 

T IME 0 """"_ 
e e 

e 8 

e e 
e . 8  8 

8 

E X I T  PO6 e 

e 

e 
e 

"""""""""" 

TERMINATE PO6 AND e 

GO TO CkC IDLING e O 8 * e 8 0 8 8 8 8 8 8 * 8 * 0 8 8 *  

PROGRAM (PO01 8 

"""""""""" 

e 
e 
e 
8 

0..  

e 
E X I T  PO6 

e 

e 

e 
e 
e 
8 

e 
8 

e 
e 
8 

8 

e 

e 
8 

0 

e 

e 
e 

e 
8 

e 
8 

e 

e 
8 

8 

e 

8 

0 

8 

e 

8 
"""""""""" 

MONITOR DSKY: 
OBSERVE TERMIQATIOk 
OF PO6 AND DISPLAY 
OF PO0 
"""""""""" 

E X i T  PO6 

Y 1 9 0  

+200 

*210 





AP3LLO COYPUTER L O G I C  CHECKLIST  IhTERFACE 

EARTH ORi3IT INSERTION MOYITOR PROGRAM (P11) REV 6 10/31/66 

PURPOSE: (1) TO INDICATE TO THE  ASTRONAUT  THAT  THE CMC HA5 aECESVED THE LIFTOFF DISCRETE. 

( 2 )  TO  GENERATE  AN  ATT1T;IDE  ERROR INDICATION ON THE FDA1 EQUAL TO THE DIFFERENCE BETWEEN  THE CURRENT VEHICLE 
ATTITUDE AND  THE CMC COMPJTATION OF T4E NOMINAL VEHICLE  ATTITUDE PROGRAM BASED UPON A STORED POLYNONIhAL. I F  THE 
SATURN  CONTHOL SUITCH IS HOVE0 TO THE  SPACECRAFT  CONTROL POSITION THESE ERROR SIGNALS WILL BE SENT TO THE  SATURN  AUTO- 
PILOT, THESE  ERR3R SIGNALS MAY ALSO BE REPLACED BY ROTATION HAND  CONTROLLER SIGNALS AS DESCRIBED I N  SECTION 3 OF R547 
VOL I. 

(3) TO DISPLAY CYC COMPUTED.TRAJECTORY PARAMETERS. 

ASSUMPTIONS: (1) THE PROGRAM IS NORMALLY AUTOMATICALLY SELECTED BY THE GYRO COMPASSING PROGRAM ( ~ 0 2 )  WHEN THE CMC RECEIVES THE 
LIFTOFF DISCRETE FROM  THE SIVB. I N  THE  BACKUP  CASE I T  WOULD HAVE BEEN SELECTED BY KEYING I N   v 7 5  ENTER AS NOTED 
EARLIER 11'4 P02. 

PRQC 
CQNT 

CMC G33UND CREM 

CMC PROG 
SELECTION 

0 

0 . 
e * .. . 

""""""""" 

DO PROGRAM SELECT ION e DO PROGRAM SELECTION 
"""""""""" 

CHECK ROUTINE ( R Q l )  O O O D D O D ~ ~ J D O ~ O ~ D D ~ O ~  CHECK ROUTINE '(301) 
""""""""" """""""""" . 

-. 
-t 

"""""""" """""""""_ 
START €01 MONITOR. 
PROGRAM (P11) 
DISPLAY PRO6RAM 11 

0 MObITOR DSKY: 

PHOGRAH 11 
D D ~ . D D D O D O . O . . , . D . D ~ .  OBSERVE DISPtAY OF 

""""""""_ """""""""" . 
* 
* """"_ 

ZERO C K  CLOCK 
"""""" . . . 

0 

0 

s 

CHECKLIST TIME TOTAL 
TIME 

#10 

Y 3 0  

P l l / C S H 2 / 2 7 6  
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"""""""""" 

SEND  EFFECTIVE TIME 
OF LIFTOFF ON 
DOWNLINK 
"""""""""" 

"""""""_ 
TERMINATE GYRO- 
COMPASSING """""""_ 

0 

0 
"""""""" 

CaLL AVERAGE 
G INTEGRATION 
WITH  DELTA V 
INTEGRATION 
"""""""" 

0 
"""""""" 

SET ISS ZERO 
FLAG 
"""""""" 

0 

0 
"""""""" 

COMPUTE  REFSMHAT 
""""""""S 

0 
""""""""_. 
SET IMU ORIEN- 
TATION KNOWN FLAG 
(REFSHFLG) 
""""""""_. 

0 
"""""""""" 

CALL  ROUTINE  TO 
LOAD ICDU DACS vJITH 
PITCH. ROLL- AND YAd 
ATTITUDE  ERRORS DE- 
RIVED FROh PRESENT 
ATTITUDE AND STORED 
BOOST POLYNOMINAL. 
"""""""""" 

0 

0 

"""""""""" 

VERIFY AUTOMATIC 
START OF DIG1 TAL 
EVENT TIMER 
"""""""""" 

MONITOR : 
"""""""""" 

(A) FDAI: 
.....m.m.n..o.m*m00. ATT E R R 3 R 5  LESS 

ATT RATES LESS 
THAN -- DEG 
ThAh --DEWSEC 

BALL INDICATES 

a40 

Y60 

+70 

f9Q 
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. . . . . 
"""""""""" 

DISPLAY ON DSKY: 
V06 h40 
R 1  - v1 
R2 - H DOT 
R3 - H 

VI- INERTIAL VELO- 
CITY MAGNITUDE* I N  
FPS TO NEAREST FPS 

H DOT - HATE OF 
CHANGE OF VEHICLE 
ALTITUDE ABOVE 
LAUNCH PAD RADIUS. 
I N  FPS TO 
NEAREST FPS 

H-VEHICLE  ALTITUDE 
ABOVE  THE  LAUNCH 
PAD RADIUS. I N  NAUTI- 
CAL MILES TO 
NEAREST 01  NM 
"""""""""" 

"""""""""" 

TERMINATE P l l  
AND GO TO PO0 
"""""""""" . . . . . 

0. .  

EXIT   P11  

I N I T I A L   V E H I -  
CLE ROLLOUT 
AND THEN GRAD- 
UAL PITCHOVER. 

(€3) DSKY: 
R l - V I  INC2EASING ................... R2-H DOT  FOLLOWS . NOMINAL  HISTORY 
R3-H INCREASING 

"""""""""" 

"""""""""" 

VERIFY SATURN 
SHUT DONN 
"""""""""" . . . 
"""""""""" 

. .m~m...t. . . .m... . . . .KEY IN REQUEST . FOR  CMC IDLING 
PROGRAM (PO01 ' 

V37EOOE 
"""""""""" . 

0 ... . 
E X I T  P11 

P l l / C S M 2 / 2 7 8  I 

#loo 

*110 

# 1 2 0  

Y130 
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APOLLO COMPUTER L O G I C  CHECKLIST  INTERFACE 

RENDEZVOUS NAVIGATION PR3SRAM (P20)  REV 7 1 0 / 3 1 / 6 6  

PURPOSE: ( 1 )  TO CONTROL THE CSM ATTITUDE AND OPTICS TO ACOUJRE.THE LM I N  THE SXT F I E L D  AND  TO POINT THE CSM  TRANSPONDER AT THE 
LM. 

( 2 )  TO UPDATE EITi lER THE L I ~  OR CSM STATE VECTOR (AS  SPECIFIED BY THE ASTROIUAUT  BY DSKY ENTRY) ON THE BASIS OF OPTICAL 
TRACKING DATA. 

ASSUMPTIONS: (1) THE IS5 YAY BE I N  STAXDBY OR OPERATE.  THE GNCS.START UP PROGRAM (PO51 AND THE IMU  ORIENTATION 
DETERMINATION PROGRAM (P51) WOULD NORYALLY 5E COMPLETED  BEFORE  THE SELECTION OF THIS PROGRAM,  NO PREFERRED ORIENTATlON 
IS SPECIFIED OR REWIRED FOR THIS PROGRAM AS THE ATTITUDE MANEUVER ROUTINE  (R60) CAN ALWAYS CALCULATE A VEHICLE  ORIEN- 
TATION ABOUT A SPECIFIED TRACK AXIS ( I )  (REFER TO PREFERED TRACKING  ATTITUDE  ROUTINE ( R 6 1 ) )  THAT CAI\ AVOID  GIMBAL 

THE IS5 THUS MAY aE: 
LOCK  FOR  ANY INEi3TIAL IMU ORIEKTATION. 

(A) OFF (STANDBY). 

(3) ON* AHD  NOT ALIGIJED  SINCE TURN ON. 

(C) ON AND A T  AN INERTIAL  MIENTATION KN3dN ONLY INACCURATELY BY  THE CMC,  1.E. HAVING BEEN ALIGNED AT 
LEAST 3NCE SINCE-TURN ON BUT NOT WITHIN THE LAST "HRS. 

( D l  ON AND AT AN INERTIAL  O2IENTATION  KNWN ACCURATELY  BY  THE CMCI  1.E. HAVING BEEN ALIGNED  WITHIN 
THE LAST --HRS. 

I F  ( A )  IS TRUE  PROGRAM 0 5  SELECTION dILL BE REQUESTED BY THIS PROGRAM. 
I F  (8) IS TRUE  PROGRAM 51  SELECTION d I L L  BE REQUESTED BY THIS PROGRAM. 
I F  (C) I S  TRUE  THE CMC MAY OR MAY N3T HAVE A  SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE  THE PROGRAM. 
IF (D) IS TRUE  THE  CMC HAS A SATISFACTORY.INERTIAL REFERENCE TO ACCURATELY  COMPLETE THE PROGRAM. 

( 2 )  THE  GNCS IS I N  CONTR3L OF THE VEHICLE I N  THE AdTO MODE I N  THE NOMINAL CASE. 

( 3 )  THIS PR3GRAY IS DESIGNED FOR  ONE  MAN OPERATION. 

(4) AN OPTIClN IS PROVIDED THE CREW  AT THE BEGiNNINL D f  THE PROGRAM  TO DEFINE THE STATE VECTOR  TO BE UPDATED BY THE 
TRACKING PROCESS. THIS OPTION MAY BE CHANGED AT ANY T IME LATER BY ONE OF THE FOLLOWING ENTRIES: 

V--E UPDATE LM STATE VECTOR 
V--E UPDATE CSFl STATE VECTOR 

(5 )  THE OPERAT13N OF THE PROGRAM INCLUDES THE FOLL3I ING FLAGS: 

RENDEZVOiJS FLAG- CONTROLS'THE PERMANENT TERMINATION OF THE TOTAL RENDEZVOUS NAVIGATION PROCESS. THIS  PROGRAM 
WILL ONLY RUN OR RESUME RUNNIlvG WHEii THIS FLAG IS SET. SET BY P20  SELECTION- RESET BY SELECTION OF CMC 
IDLING PROGRAM(PO0) OR BY V"E. 

TRACK FLAG- CONTROLS  THE  TE%PORARY TERMINATION OF THE TOTAL RENDEZVOUS NAVIGATION PROCESS. RESET OF.THIS  
FLAG INTERRUPTS THE AUTOMATIC ATTITUDE  MANEJVER/OPTICS  POINTING PROCESS,  AS  WELL  AS THE STATE VECTOR UPDATE 
PROCESS. THE SET OF THIS  FLAG ENABLES ALL THESE PROCESSES.  SET  BY P20r 349 359  3 6 r  749 AND 75 SELECTION. 
RESET A T  THE START OF  AND SET AT  THE END 3f P407 41- ,47-9 52.9 AND .5'3r RESET ALSO BY PZO TERMINATION. 

UPClATE FLAG- CONTROLS  THE  TEMPORARY TERMINATION OF THE STATE VECTOR UPDATE PROCESS  ONLY.  SET BY P 2 0 r   P 3 4 r  
3 5 r  7 4 9  AND 75 SELECTION. RESET AT END OF P349 359 74r  AND 75.  ALSO RESET BY P36  SELECTION* AND BY P20  
TkRYINATION. ALSO RESET AND SET AT THE BEGINNING AND  END RESPECTIVELY OF P 4 7 r   5 2 r   5 3  AND THE  TARGET DELTA V 
ROUTINE (R32). SET  AT  END 3F P40r  41. RESET I N  40r 41. 



PROG 
CONT 

STATE VECTOR FLAGS (LM AND  CSM) - DEFINES THE STATE VECTOR  TO Bt UPDATED BY THIS  PROGRAM. SE B! SUMPTION(+). 

OPTICS ENABLE  FLAG - CONTROLS AUTOMATIC 3PTICS  POSITIONING BY THE AUTO OPTICS  POSITIONING  ROUTINE  (R52). 
WEN THE TRACK FLAG I S  RESET  DURING  THRilSTING  OPERATIONS I T   I S  REQUIRED TO I N H I B I T  AUTO OPTICS  POINTING 
UNTIL  THE CSM HAS  BEEN RETU~NED TO THE PaEFERRED  TRACKING  ATTITUDE TO PRECLUDE AN ALARM DUE TO EXCESSIVE SXT 
THdNNI3N ANGLES. 

( 8 )  STATE VECTOR dPDATES BY P27  ARE DISALLOWED  DU3ING THIS  PROGRAM. 

( 9 )  THIS PHOGRAW I S  SELECTED  BY THE ASTRONAUT  BY DSKY ENTRY. I T  MAY BE TERMINATED ONLY BY THE SELECTION OF THE CMC 
I D L I N G  PROGRAM (POO) OR BY V"E. PO0  SELECTION MILL TERMINATE P20 AND  ANY  OTHER  PROGRAM I N  PROCESS AND ESTABLISH POO. 
ALL OTHER  PRDGRAMS SELECTED WILL CHANGE  THE  PRO6RAM  NUMBER DISPLAYED ON THE DSKY BUT WILL NOT TERMINATE P2O. T H I S  PRO- 
GRAM I S  THEREFORE DESIGNED TO OPERATE AUTOMATICALLY AND SIMULTANEOUSLY  WITH ANOTHER  PROGRAM WITHOUT REQUIRING  USE OF 
THE DSKY UNLESS NOH-NOMINAL CIRCUMSTANCES REQUIRE CNC COMMUNICATlON  WITH THE ASTRONAUT. 

(10)  RENDEZVOUS DATA PRDCESSING  ROUTINE CAN BE I N I T I A T E D  BY V--E. 

CMC GR3UND CREY CHECKLIST TIME  TOTAL 
TIME 

oCREVI 
.PROGRAM 
.SELECTION 
. .  

0..  . 
"""""""""" 

"""""""""" . KEY IN RENDEZVOUS 

(P20)  
DO PROGRAM .....eew.......*.... NAVIGATION PRDGRAM 
SELECTION CHECK . 
ROUTINE ( R o l l  V37E20E 

3""""""""" 

c20 

"""""""""" . . . 
"""""""""" 

START RENDEZVOUS 
NAVIGATION PROGRAM 
(P20)  . 
DISPLAY  P20 
"""""""""" . . . . . . . 

"""""""""" 

DO PROGRAM SELECTION 
...*.........c....+m CHECK ROUTINE (R01) 

"""""""""" 

"""""""""" .................... MONITOR OSKY: . OBSERVE DISPLAY 
OF PZO 
"""""""""" 

#30 
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. . . . . 
"""""""""" 

DO IMU  STATUS CMECK m m m * m * * * * * * m * . m * . * m .  DO IMU STATUS  CilECK 
"""""""""" 

ROUTINE  (R02)  CHECK ROUTINE  (R02)  
"""""""""" """""""""" . . . 
"""""""""" 

SET  RENDEZVOUS F L 4 G  
"""""""""" . . . 
"""""""""" 

SET  TRACK FLAG 
"""""""""" . . 
"""""""""" 

SET  UPDATE  FLAG 
"""""""""" 

. 
"""""""""" 

BLOCK UPLINK ACCEPT- 
ANCE OF STATE 
VECTOR UPDATES 
"""""""""" . . . 
"""""""""" 

ZERO  RENDEZVOUS 
TRACKING MARK 
COUtdTER 
"""""""""" 

. . . " . . 
"""""""""" 

FLASH VERB-NOUN TO 
REQUEST  RESPONSE  AND 
DISPLAY  OPTION CODE 
F3R ASNMEU  STATE 
VECTOR TO BE UPOATED 
BY NAVIGATION PRC- 
CESS: 

V06 N-- 
R 1-000" 

......... . . . . 
"""""""""" 

MONITOR  DSKY: 

FLASH TO REOUEST . 
OPTION CODE FOR . 
TO BE UPDATE3 6Y . 
OBSERVE  VERB-NOUN 

RESPONSE  AND DISPLAY 

ASSUMED STATE VECTOR 

NAVIGATIOIX PROCESS. 
"""""""""" . . . . . 

#40 

# 5 0  

+60 

Y 7 0  

Y90 

. 



. 
e . 
e . 

. .  

e 

. .  

c 

. 
e 

. .  . .  

P2O/CSH2/278 

R2-0000X RLGLANK 0 .  . R 1  IS THE OPTION . . 
e \ CODE FOR ASSUMED 

STATE VECTOR  TO-  BE 
UPDATED. 

R2 I S  THE  CMC 
ASSUMED OPTION: . 
00001 - LM 
00002 - CSM e 
"""""""""" 

e 

e 

0 

. . 
"""""""""" 

e IS THE SXATEWECTOR- 
TO-BE-IMPROVEDr . ASSUMPTION  CORRECT? . . c 

.Y 
"""""""""_ 

ON . . 0 .  

""""""-. 
KEY I N  PROCEED; e 

.**....t.-..e..o.e.. V33E ' 0  . 
TERMINATE FLASH UPON """" .. v22. 
RECEIPT OF PROCEED ..o...*.eeo.........~ooe~oooo~oooKEY IN 
OR  NEW DATA 
"""""""""" . . AND LOAD e 
.P TiiE .NEW 

.O 
e t  

e STATE e 

.E 
VECTOR 

.E 
CODE I N  

.D STORE  CODE  R2. 0 

a110 

. 0 .  0 .  
"""""""""" .. WAIT FOR KEYBOARD 
ENTRY 

.""""""_. 0 .  

- a 1 2 0  

.R C3DE . DESIRED e e . . . """"""_ . 
c 

. . 
e 

""""""" 
"""" . . . a130 

........*..e 
..e....*. . 

"""""""""" 

SET .LM OR CSM SThfE 
VECTOR FLAG BASED ON 
CODE. 
"""""""""" . 
""""""""" 

DO PREFERRED  TRACK- 
ING  ATTITUDE ROUTINE 
( R b l )  
"""""""""" 

e 
e . 

0 

a100 

e140 



e 
e 
e 
e 
e 
a 
e 
e 

"""""""""" 

SET TARGET FLAG TO 
LM FOR USE  BY AUTO 
O P T I C S   P G S I T I O k I N G  
ROUTIME (R52) 
"""""""""" 

e 
e 
e 

"""""""""" 

SET  OPTICS  ENABLE 
FLAG FOR USE BY AUTO 
OPTICS POSITIONING 
ROUTINE  (R52)  
"""""""""" 

e 
e 
e 
e 

e 
"""""""""" 

C A L L  AUTO O P T I C S  0 

(R.52) e 
POSITIONING  ROUTINE e * o e * o * e m o e o o e - * e e e e  

"""""""""" 

e 
e 
e 

*e*.*** e * * * 8 * * *  

e e e e e 
e e """""""""_ - ~~ 

IS RENDEZVOUS FLAG e 
SET? e 

ON * Y  e 

"""""""""" 

e e 
e e e 

e e 
e.. e e 

e 
E X I T   P 2 0  e e 

e e 
e e 

e e 
"""""""""" 

IS TRACK FLAG  SET? e 

e * Y  e N e 

"""""""""" 

e e e e 
e 
e e 
e e 
e e 

e 

e e 
e e 
e 

e 
e e 

*e.*.**** 
e a 

e 
"""""""""" 

MONITOR DSKY : e 
THE  AUTOMATIC e 

ATTITUDE MANEUVER/ a 
O P T I C S   P O I N T I N G  e 
PROCESS IS NCW AUTO- 
MATICe  THE CMC dILL e 

WITH  THE  ASTRONAUT e 
If THE O P T I C S  IS. lvOT e 

ONLY  COMMUNICATE e 

I N I T I A L L Y  IN CMC a 

WIRED  SXT  TRUNNION e 
ANGLE EXCEEDS THE e 
OPTICS  L IMITS.   THE e 
LATER  ALARM  SHOULD e 
NEVER OCCUR AS Rh1 e 
SHOULD KEEP THE SXT 8 

LOS POINTED  AT THE e 

TRUNNION L I M I T S e  e 

MODE OR IF THE- RE-- 

LM WITHIN  THE e 

"""""""""" 

e e 
e 
8 

e e 
e e 
e e 
e e 
e e 
e e 
e 
e e 
e e 

e 
e e 

#150 

1p160 

$170 

Y180 

t190 
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3f 
. . . . . 4 

b 
a . 
0 . . . 
0 

0 . . 
0 

a 
a . 
0 . 
0 . . . . 
0 . . . . 
a . . . 
e . 
a . . . . . . . . 

0 

0 . . . . . . . . . 
0 . . 
0 

a 
0 . 

. . . 
0 . 
0 . . . . . . . . . . 

0 . . . 

- - 
0 0 

0 . 
a . . . 

""""""* 
RESET OPTICS . 
ENABLE FLAG """"""_ . . 

0 . 
0 . 

""C"""" 

WAIT -* SEC """"""_ . . . . . . ........ 
"""""" 

n'AIT 15 SECo 

TIME DELAY 
(NOTE: THIS 

IS CHOSEN TO 
MINIMIZE 
COMPUTATION 
ITERATIONS 
BUT  ALSO 
SCHEDULE A 

VER BEFORE 
THE VEHICLE 
EXCEEDS  THE 
DEADBAND 
LIMITS, THE 
ATTITUDE 
CHAFiGES  ARE 
THUS  MADE 
CONTINUALLY 
WITHIN THE 

QUIRIlVG 
MINIMUM 

NEIJ MANEU- 

DEADBAND RE- 

MANEUVERING 
FUEL EX- 
PENSE.) 
"""""" ~ " _  

0 

0 . 
"""""" 

DO PREFERRED 
TRACKING AT- 
TITUDE k0U- 
TINE (R61) 
"""""" 

0 

a . 
a . . . 

0 

a 
a . . 

e . . . . . . . . . 
0 '  

0 . . . 

. . . . 
0 . . . . . . . . 
0 . 
0 . . . . 

0 . . . . 
0 . . . 
0 . . . 
0 

e 
0 . . . . . . . . . . 

0 . 
0 . . . . . . . . . 

0 

0 . . . 
e 

. . 
0 . 
a . . . 
a . . . . . . . . . 

0 . . . 
0 

0 . . . . . . . 
0 . . . . . . 
0 . . . . . . . 
a 

*210 

t2ZO 
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i .  . . . . . . . . . . . . . 

. . . 
"""""" 

SET OPTICS 
ENABLE FLAG 
FOR USE 6Y 
AUTO OPTICS 
POSITIOi3IhG 
ROUT I NE 
(R52) 
"""""" . . . . . .......... 

. . . . . . . . . . . . . 

. . . . 

. . . . . . . . . . . . 

. . . . . . """""""-"" 
DO I DESIRE TO . 
TERMINATE PZO? 
"""""""""" 

.Y .h . . . . 
a . . *........ . 

"""""""""" ~ 

I5 ANOTHER PROGRAM 
BESIDES P20 IN 
PROCESS? 
"""""""""" 

.N a t  . . . 
"""""""" 

P20 MAY BE . 
TERMINATED IN . 
TWD WAYS. . 
""""""" . . . 
KEY IN a *  

U37EOM: "-""""" m .  
a .  . . a .  
a .  

. . . . . . . . . . 

P20/CSM2/278 ! 

5260 

t270 

Y290 
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.V 
0 -  

.V 
0 3  

0 -  07 
.E .E 

"""". 00 
IS ANOTHER 00 
PROGRAM BESIDES *E 
PZO I N  PROCESS? 

.Y .I'i . """" . 0 .  . 0 .  """- 
e GO TO C M  
3 IRLING PROGRAU 

(POO') . 
n u  TERMINATE 

DISPLAY PO00 
(NOTE: PO0 

THE RENDEZYWS 
TRACK9 AND UP- 
D A f f  FLAGS AND 
A150 THE AUTO 

TIONING R W  
OPTICS  POSI-. 

TINE (R52) ) """"- 
I . 0 . . """- ! 

TERMINATE 
THE REN- 
DEZVOUSI 
TRLICKt 0 

AND9 UP- . 
DATE 0 

FLAGS AND 
THf AUTO 
OPTICS 0 

POSITION- 
ING ROU- 
TINE 
(R52 1 --- EXIT PZO 

0.0 

0 . . . 
0.. . 
€)(IT P20 

#334 

1350 

1360 

a370 





3 b  
APXLD COMPUTER L O G I C  CHECKLIST INTERFACE 

GROUND TRACK DfTfRM3NATION PROGRAM (P21) REV 8 10/27/66 

PURPOSE: (11 TO PROVIDE T T  ASTRONAUT DETAILS O f  H S 5  GROUND, TRRCK  WITHOUT  THE NEED FOR  GROUND COMMUNICATION. + 
ASSUMPTIONS: (1) THE PROGRAM 15 SElECTED BY THE  ASTRONAUT BY DSKY.ENTRY. 

( 2 )  THIS PRDGRAM,  CAN  ONLY BE ENTERED.  FROM PR06RAM 00. 

PROG 
CONT 

CMC GROUND CREY 

" " 

DO PROGRAM SELECTION 
CHECK ROUTINE (R01) 

MOl'ifTOR DSKY: 

0 ,  PROGRAM 2 1  

"""""""""" 

.s.ooooo.s.m..om.o.e OBSERVE DISPLAY OF 
"I"""""" 

CHECKLIST 

230 



. . 
0 

0 

0 
"""""""""" 

FLASH VERB-NOUN TO 
REQUEST  LOAD O f  T 
L A T  LONG: 

V25 N 3 4  
R1-BLANK 
RZ-BLANK 
R3-BLANK 
"""""""""" . 

0 . 
"""""""""" 

N A I T  FOR  KEYBOARD 
ENTRY 
TERMINATE  FLASH UPON 
RECEIPT O f  OATA 
"""""""""" 

0 . . . . 
0 . . ....... . . 

0 . 0 . 0 

0 . . 
C""" 

INCRE- . 
MENT T 
L A T  LONG 
BY LO . 
MIN. . 
"""" . . 0 . . . . . . 
""""""" 

CALCULATE  LAT ITUDE*  
LONGITUDE AND A L T I -  
TUDE OF VEHICLE  AT 
T L A T  LONG """"""""_ . 

0 . . . . 
0 

0 . . . 
0 . . 

MOFilTOR  DSKY: 

FLASH TO R E W E S T  

"""""""""_ 
..o.oo.o...o.....o.. OBSERVE  VERB-NOUN 

LOAD OF T L A T  LONG 
"""""""""" . . 

0 '  

0 . 
0 

"""""""""" 

0 LOAD  DESIRED T L A T  . R1-T L A T  LONG-HRS 
..........o....o.oo. LONG: 

RZ-T L A T  LONG-HINS 
R3-T L A T  LONG-SECS 

T L A T  LONG 0.  T I M E  
(GET) AT  WHICH. LA1 
AND  LONG OF VEHfCLE 

I N  HRSv  MINS, SECS 
P O S I T I O N   I S  DESIRED. 

TO  NEAREST 001 SEC. 

.............. . . . . . . . . . 
0 

. 
0 

0 . . 
0 

0 

0 

P Z l / C S H 2 / 2 7 8  ! 
! 

#40 
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. . 
40 . . . . . . . . . * . . . . . 

""""""""" """""""""" 

FLASH VERB-NOUN  TO MOFiITOR  DSKY: . 
****.***. REWEST RESPONSE A N D  ...e.....o.....*.... OBSERVE  VERB-NOUN 
HOLD DISPLAY  LATITUDCV FLASH TO REQUEST . 

LONGITUDE AND RESPONSE AND'DISPLAY 
ALTITUDE: 

V06 Ns4 
OF. LATITUDE,  LONGI- 

R l -LA1 
TUDE AND ALTITUOE 

RZ-LONG 
R3-ALT . . . 

LAT-LATITUDE OF . . 
VEHICLE. + I S  NORTH. . . 
I N  DEGREES TO NEAR- e . 
EST 001 DEGREE. . . . . . 
LONG-LONGITUDE O f  . e 
VEHICLE. + I S  EAST. . 
I N  DEGREES TO . . 
EST 001 DEGREE. . . . . . 
ALT-ALTITUOE O f  . 
VEHICLE ABOVE THE . 
PAD RADIUS . . 
IN NAUTICAL fiILlES TO e . 
NEAREST 01 NN. . rn . . . e . . e . . . e . . """""""""" . . DO I WISH TO* QBTAIN . . NEW PARAMETERS FOR' . . A TIME 10 MINI . . . LATER THAN THAT . . . WHICH APPLIES TO . . . PRESENT DISPLAY? . . . """""""""" 

.N a Y  . . . . . e 

@ A I 1  FOR KEYSOMD 
ENTRY . e KEY I N  . TERMINATE . V3SG 

e .""""""" . . . . . . . . . . . . . . . . . . . . . . 

"""""""""- . 0 .  . . 

"""" . . 
e 

. . 
e .  
e .  
e e -  """ "-"I""""" . WHEN  FINISHED~ 

.o....ooo~*o....o.;. WITH  DISPLAY 0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  * .  
0 .  

0 .  . 0 .  * .  . 
e 

1100 

t l 2 O  

1130 



. . . . . 
TERMINATE  FLASH UPON . RECEIPT OF RECYCLE .................... 
OR TERMINATE . 
OR .T . .E *E . .C .R . .Y O M  . .C . I  

* .L .N 
.E 04 

0 .  .T 
0..  .E 

"""""""""" 

. . . 
"""""""" 

GO TO CWC I D L I N G  . 
PROGRAM (PO01 .................... 
""""f"""" . . . . . 

0.. . 
E X I T  P 2 1  

. """""""" - 
; WHEFi F IN ISHED 

WITH  DISPLAY KEY 
I N  RECYCLE . V32E . - """""""" . . . . . . . . . . 

. . . . 
"""""""" 

WAIT 10 SEC . 
"""""""" . . . 0 .............. 

""""""""" 

MONITOR DSKYt 
OBSERVE DISPLAY OF 
PO0 
""""""""" . . . 

0.. . 
E X I T   P 2 1  

fl4O 

f15O 

9160 

. .  

I 

9) 





APOLLO COMPUTER LOGIC  CHECKLIST  INTERFACE 

ORBITAL  NAVIGATION PROGRAM ( P t 2 )  REV 7 10/31/66 

PURPOSE (1) TO LOCATE AND  TRACK A LANDMARK SU'ITABLE FOR NAVIGATION PURPOSES. THIS  MAY BE DONE BY  THE CMC WITH THE OPTICS 
AUTOMATICALLY  POINTED  AT A "KNOWN" (SEE  ASSUMPTIONS BELOW)  LANDMARK WHOSE LATITUDE9 LONG1 TUDE AND ALTITUDE  HAVE  BEEN 
KEYEO INTO THE DSKY BY TrlE ASTRONAUT. IT MAY ALSO BE DONE BY THE ASTRONAUT WITH THE OPTICS MANUALLY POINTED AT A 
"KNOWN" LANOMARK PREDETERMINED BY THE ASTROhAUT OR A RKlYOWNn OR  "UNKNOWN. (SEE ASSUMPTIONS BELOrl) LANDMARK 
SELECTED AT H I L L  DiJRINC SEARCH FOR TARGkTS OF OPPORTUNITY. 

12) TO OBTAIN  SIGHTING  3ARKS ON THE CHOSEN  LANDMARK. 

(3) TO CALCULATE THE ORBITAL PARAMETE4 CHANGES GENERATED BY THE LANDMARK SIGHTING. 

(4) TO DISPLAY THE ORBITAL PARAMETER CHANGES  GENERATED,  FOR DECISION AS TO THEIR  VALIDITY BY THE ASTRONAUT/GROUND 
BEFORE THEIR INC3RPORATIDN  INTO THE CMC CALCULATION OF SC POSITION AND VELOCITY. 

( 5 )  TO PROVIDE JPOATEO C3ORDINATES 3F THE KNOWN LANDMARKS. 

( 6 )  TO PROVIDE  COORDINATES OF UNKNOdN LANDMARKS (LANDMARK DESIGNATION  ROUTINE). 

ASSUMPTIONS: (1) THERE ARE TWO-TYPES OF LANDMARK T R K K I N G  METHODS: 

( A )  "KNOWN' LAN3MARK TRACKING-THE  TRACKING 3F A LANDMARK IDENTIF IED TO THE CMC BY LATITUDEI  LONGITUDEQAND 
ALTITUDE AFTER THE MARKS  ARE  C3MPLETE. 

(8)  "UNKN3JN" LAND,YARK TRACKINS- THE TRACKIN6 ANC MARKING OF A LANDMARK OR SURFACE FEATURE I D E N T I F I E D  TO THE 
CMC ONLY AS  AN UNKNOdN LANDMARL. 

( 2 )  DURING THIS PR3GRAM TdE GNCS HAS THE CAPABILITY F3R ATTITUDE CONTROL OF THE VEHICLE.  POSSIBLE  ATTITUDE CONTROL 
METHODS YIGHT BE AS FDLLOrlS ( I N  ALL CASES CARE W S T  BE  TAKEN TO MONITOR POSSfBLE  IMPENDING  IHU  GIMBAL LOCK). 

( f i )  MANUAL CONTROL BY THE PILOT OR NAVIGATOR d I T H  THE ROTATION CONTROL ANY  MODE. 

(9) MANUAL RATE CONTROL BY THE NAVIGATOR  iu'ITH THE MINIMUM  IMPULSE COHTROL I N  THE GNC FREE MODE. 

( 3 )  THE PROGRAM  HAY BE PERFORMED k I T H   S I V B  ATTACHED IF THE SATURN CONTROL SWITCH IS PLACED I N  THE SPACECRAFT POSITION 
THEREBY PERMITTING SIJB  ATTITUDE CONTROL WITH  TiiE  ROTATIONAL CONTROLLER. GNC A/P CONTROL I S  REQUIRED I N   T H I S  CASE 

(4) THE GNCS STARTUP AND  CHECKOUT  PR3GRAM IP05) AND THE INFLIGHT  ALIGNMENT-IRU  ORIENTATION  DETERMINATION PROGRAM 
(P51)  MUST BE COMPLETED BEFORE THE COMPLETION 3F T H I S  PROGRAM. 

THE IS5 MAY BE: 

( A )  OFF (STANDBY) 

(a)  ON* AND NOT ALIGNED SJNCE TURN ON. 

(C) ON  AND  AT AN INERTIAL  ORIENTATION KNOvjN  ONLY INACCURATELY BY THE CMCI IIEI HAVING  BEEN  ALIGNED AT 
LEAST 3NCE SINCE TURN ON BUT NOT WITHIN THE LAST 3 HOURS. 

(1)) ON 4ND  AT AN INERTIAL  3RIENTATION KN3HN ACCURATELY BY THE CNCI  1.E. HAVING  BEEN  ALIGNED  WITHIN THE  LAST 
3 HOLIRS. 

. 43 
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PROG 
CONT 

IF (A) 1s TRUE AND P22 IS SELECTED# THE CMC WILL REQUEST SELECTION OF Po50 
IF (B) 15 TRUE AND-PZ2. IS SELECTED, THE CMC WILL REQUEST SELECTION O f  PSl. 
IF  LC) IS TRUE THE CWC. MAY OR MAY'NOT  HAVE A SATISFACTORY INERTIAL  REFERENCE TO COMPLETE THE PROGRAM. 
IF (0) IS TRUE THE CYC$HAS A SATISFACTORY INERTIAL REFERENCE. 

( 5 )  THE GROUND TRACK DETERMINATION PROGRAM P 2 1  IS AVAILABLE TO AID THE CREW IN THE SELECTION OF APPROPRIATE 
LANDMARKS PRIOR TO THE SELECTION OF P22 AND TO PROVIDE UPDATED GROUND TRACK INFORMATION AFTER THE  COMPLETION OF P22. 

( 6 )  THE PROGRAM IS SELECTED BY T W  ASTRONAUT BY DSKY ENTRY. 

CMC 

""""""""" 

DO PROGRAM SELECTION 
CHECK ROUTINE (Roll 

""""""""- 
. """""""""- 

START ORBITAL 
NAVIGATION 
PROGRAM (P22) 
DISPLAY PROGRAM 22 
""""""""" . 

. . 

. 

. 

GROUND 

. 
............-......e . 

CREW 

* CREW PROG. 
SELECTION 

0..  

KEY IN ORBJTAL 
NAVIGATION PROGRAM 
tPZ2) 
V 37'E 22 E 

"""""""""" 

"""""""""- . 
"""""""""" 

DO PROGRAM SELECTION 
CHECK ROUTINE (R01) 
"""""""""" 

"""""""""" 

OBSERVE DISPLAY 
MONITOR DSKY: 

OF PROGRAM 22 """"""_ 

CHECKLIST TIME TOTAL 
TIME 

*10 

I20 



e 
e 
e 
e 
e 

"""""""""" """""""""" 

DO IMU STATUS CHECK e DO IMU STATUS CHECK 
ROUT I NE (R02 1 e e e e e o e e o o e o o o e e e o o e  ROUTINE (R02) 
"""""""""" """""""""" 

e 
e 
e 

"""""""""" 

COMPUTE  ANGLE BE- 
TdEEN Y AND V X R e  

-SM - - 
THIS ANGLE I S  THE 
COMPLEMENT OF THE 
MAXIMUM MIDDLE GIM- 
BAL ANGLE POSSIBLE 
ASSUMING THE SC X 
AXIS IS KEPT I N  THE 
ORBITAL PLANE. 
"""""""""" 

e 
e 
e 

"""""""""". 
FLASH VERB-NOUN TO 
REQUEST  RESPONSE  AND 
DISPLAY MAX POSSIBLE 
YIDDLE  GIMBAL ANGLE 
I F  THE X A X I S   I S  
HELD I N  THE ORBIT 
PLANE. 

V06  N17 
R1-BLANK 
R2-BLANK 
R3-MGA 

I N  DEGe TO NEAR- 
EST e 0 1  DEGe """""""""- 

e 
e 
e 
e 
e 
e 

e """""""""- 
r l A I T  FOR KEYBOAR3 
ENTRY: 

"""""""""" 

MONITOR DSKY: 
OBSERVE  VERB-NOUN 

e FLASH TO REQUEST RE- 

e OF MAX POSSIBLE 
e e e e * o * e e o o e o o e e e e e o  SPONSE  AND DISPLAY 

MIDDLE  GIMBAL ANGLE 
I F  THE SC X AXIS IS 
KEPT' IN THE ORBIT 
PLANE "-"""""""" 

e 
e 
e 

"""C"""""" 

I S  MGA GREATER: THAti 
60.7 IF SO* I T  IS 

THE IMU I F  TIME PER- 
MITS. 

e Y  N 

ADVISABLE TO- REALIGN 

""""""U""" 

0 0 

e 
""""" 

0 HAS ISS BEEN 
0 ALIGNED I N  PAST 

3 HOURS? 

e eiri * Y  
""""""""- 

e e e 
e e e 
e e 0 

0 e e 
e e e 
e e 
e b e 
e e 
e e 0 

Y40  

Y50  

I 

1y70 

*90 

.46 



&@VISE CREW 

PATED G t Y  

" 

O l J .  ANTICS-, 

€MORS AND 
SUBSEOUENT 
PROCEDURES 
C"" 

. . . . . 
""""""-. 
SHALL I BYPASS. 

...*.COO IMU ALIGNMENT? 

.N .Y 0 

"""""""". . . .. . . . 
0 .......... """""""- 

SELECT CSM/ IWP 
REALIGN PROGRAM c 
(P53 OR PSZ).  . 
WHEN COMPLETE; 
KEY I N  V37E22E. 
"""""""_. 

PZ2/CSHZ/278 ' 

#loo 

. 
0.. . 

E X ~ T  ~ 2 2  f . . . TERMINATE FLASH UPON 
RECEIPT OF PROCEED 
NEW  PROGRAM 
C""""""". 

""""""""" 

.oeo..~.......*..m.. KEY IN PROCEED 

.P NEW 

.R .PROG 

.O 

.C 

.E 

.E EX1 T 

.D P22 . ACQUISITION 

V33E 
"""""""" 

. .  . 
e.. 

"9""""""" 

CONTROL ATTITUDE. 
FOR  LANDMARK 

"""""""" 

0 ...... ........ 
0 . . 
. . . . . . . . . 

0 

.. 
0 .  
""""""" 

FLASH VERB-NOUN  TO 
REQUEST PLEASE 
PERFORM  AUTO OPTICS 
POSITIONING: 

V50 N25 
R 1-000 1 1 
R2-BLANK 
R3-BLANK 

"""""""""" . 
0 . . 
. . . 

. 
"""""""""" , 

. MONITOR DSKY: . . OBSERVE VER64OUN 

PLEASE PERFORM.  AUTO 
OPTICS POSITIONING 

..o..L.*..*......... FLASH TO REQUEST 

""""""""" 

. . 

. . 

c110 

t120 

L130 

#140 
f 



0 
In 

0 
a) 
4 rl * *: 

.... 

.... 

e .  e .  ....... 
....... 

...................... .... ..... 
I *  
I ..... 

e .  e 

I 
I 

I 
I 

1 
I 

I 
I 

I 
I 

. I  
I 

I 

I 
I 
I 
I 
I 
I 

1 
I 

I 
I 
I 
I 
I 
1 
I 
1 
I ........ 
I 
I 
I ...... 
I 
I 
I 
I 

0 . . * 
L 

I 
I 

e .  e .  . 
c 

I i 
I 
I I 

1 
I 

I 

............. .... ..... e . .  

I ~ a c ~ o u w  w a  ........................................... I 0 
!& 

................ 
i 
I W Z C W ( L  

I 
1 ............... 

I 1 

0 .................................................................. 



e 

4 8: 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
0 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e e 
e 
e e . e 
e e 
e e 
e e 
e e 
e e 
e e 
e e 
e e 
e e 

""""I. 

SET  HARK INDEX e 
TO 5 FOR  USE BY e 
SIGHTING MARK 
ROUTINE (R53) e - 

e e 
e e 
e e 

"""" 

DO AUTO OPTICS e 

ROUTINE (R52)e e 
INCLUDES SIGHTO e 
ING MARK ROUTINE 
(R53) e e 

POSITIONING e 

" e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

""" 

SET HARK INDEX 
TO 5 FOR U5E BY 

TINE (R53) 
S i U I T I N C  MM- R O L b  "- . 

e . 
. *  

e 
DO SI6HTINt HARK eeeeeeeoe.eeeeee*eee 
ROUTINE (R53) 

""e 

"-.SI " 

e 

e 
e 
e 
e 
e 
e 

e 
e 

e 
e 
e 

e 

e~ee.ee*e* 
e 
e 
e 
e 
e 
e 
e 
e 
e 

""""""""C" 

DO SIGHTING MARK 
ROUTINE (R531 
""""""" 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e .  
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e . 

6210 

t240 

t250 



0 
0 0 .  0 

0 0 .  0 

0 0 .  0 

0 0 .  0 
"""""""""" 

FLASH VERB-PiOUN 0 

TO REQUEST  LOAD ...e................ 
LMK I D E N T I F I C A T I O N  0 

0 V 2 1   N 3 7  
0 R1-BLANK 
0 R2-BLANK 
0 R3-BLANK 
"""""""""" 

0 0 

0 0 

0 0 """"""""_ 
H A I T  FOG  KEYBOARD. 
ENTRY: 

0 

0 

TERMINATE FLASH UPON 
RECEIPT  OF ENTER 
"""""" 

0 0 

0 0 

0 0 
""""""""" 

I S .   R 1 -  0 AND 
RZ= l? 

0 O Y  O N  

""C"""""" 

0 0 0 

0 0 0 

0 """"" 

0 TURK  ON 
OPERATOR 0 

ERROR 0 

ALARM 0 

-1"""" 0 

0 .  0 

0 .  0 

0 .  e 
0 .  0 

moo. 0 

J """""""""_ 
IS R l z  13 
(KNOWN LHK?) 
L""""""""" 

mY O N  

a 0 

0 0 """""""_ 
0 WAS ONLY OFjE 

MARK RECEIVEO? 

0 O E i  O Y  

"""""""" 

0 .  0 

0 .  0 

0 .  0 

0 .  0 

0 .  0 

0 

0 

0 

0 

0 """""""""_ 
MONITOR  DSKY : 0 

OBSERVE FLASHING 
VERB-NOUN REQUEST- 
I N G  LOAD OF LMK 0 

I D E N T I F I C A T I O N  0 
"""""""""I 

0 0 

0 '  0 

0 0 

0 0 

0 0 

0 

0 0 
""""""""C" 

~ ~ o ~ o ~ ~ o o o o o o o o o o o o o  LOAD  LANDMARK; 
0 I D E N T I F I C A J I O N o  

R1: OOOOX 
RZ: 0000x 

R l =  1 9  I F  KNOWN 
LANDNARK, 

R l =  01 I F  LMK 
UNKNOrJN 

R 2 t . l ~  IF LMK. CO- 
OROXNATES 
HAVE BEEN 
STORED I N  
CMC 

R2= 01 IF LMK CO- 
0RD:lNATES. 
HAVE. N O T  
BEEN STORED 
IF( CYC. 

""""""" 

0 

0 

0 

0 

0 

0 

0 

0 
"""""""""" 

WAS S I G H T I N G  03 A 
KNOWN LMK? 
""""""""" .Pi O Y  

0 0 

0 0 

0 0 

0 0 

0 0 

#260 I 

I 

t270 

1280 

I 

1300 



0 

0 

0 

0 

e 
e 
0 

0 

0 

e 
e 
0 

0 

e 
0 

e 
e 

0 

e 
e 
e 
0 

e 

e 
0 

DOE 5 
PROGRAM ALARM 
INDICATE CMC 

0 e e ~ e ~ 0 0 e 0 0 0 e 0 0 ~ e e 0 0  INSUFFICIENT 
0 RECEIVED 

e MARKS? 
-""""". 

O Y  

e 
0 

0 

0 

0 

e 
e*. 

0 e 
e e 
e 0 

0 0 

0 e 
e e 
e e 
e e 
e e 
0 e 
0 e 
0 e 
e e 
0 e 
0 e 

0 

0 

0 
""""""" 

IS R Z l a ?  
(LWK COORDINATES 
STORED?) """""".". 

e N  O Y  

e 0 

0 

e 
e 
0 

e 

0 

e 
0 

e 

0 

0 

e 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 e 
GO TO 0 0 

*A* 0 0 

BELOW 0 0 

0 0 

e e 
0 e 
0 e 
0 0 

0 
e 0 

0 0 

0 e 
0 0 

e 0 
""""""""" 

HAVE THE COORDINATES 0 

STORED IN THE C W 8  0 

e N  e 

OF THIS LWK BEEN 0 

-""""""""" 
e V  
e 
0 

"""""" 

MOMITOR DSKY: 
OBSERVE FLASH- 
ING  VERB NOUN 
REQUESTING L O U  
LHKe ID NO. N 
""""""" 

0 

0 

e 
e 
e 
e 
e 

0 

0 

0 

0 

0 

e -  
o 

0320 

1330 

Y340 



a 
a a 
a a 

a 
a """""""" 

a FLASH VERB-HOUk 
a TO  REQUEST  LOAC 

LMK DATA: 
a 

POSS V21 N63 

HOLD a , 
..aaaaa..a R1:  LAT a 

a MOiliITOR OSKY : a 
a OBSERVE FLASH 
a REGUESTING LOAD 
a LMK PARAMETERS . """"""""_ 
a a a 
a a a 
a a a 

"C""""""" 

a LOAD  LANDMARK. PA- 
a RAMETERS: a 

R1:  LAT 
R2: L3NG/Z a 
R3: ALI a 

a 
LAT-LATITUDE OF a 

LANDMARK I N  
DEGREES TO a 

0001 DEGa a 
+ IS NORTH 

NEAREST a 

LONG/Z-LDNGSTUDE: 
OF LANDMARK 
DIVIDED BY 
TWO9 I N  DE- 
GREES  TO a 
NEAREST a 
a 0 0 1  OEGa a 
+ IS- EAST a 

a 
ALT-ALTITUDE OF a 

LANDMARK a 
ABOVE Fl" a 
SCHER. EL- 
LIPSOID IN e 
NAUTICAL 
MILES TO 0 

091. N*MI """""""_ 
a 
a a 

e 
""""""" e 
LOAD  LANDMARK a 
I D  NUMBER a 
""""""" a 

a 

a 
a 

a 
a 
a 

Y370 

Y390 

4400 



* e 

5+2 : e 
e 

e e 
e e 

i"c e """C"""" 

SELECT FIRST 

e DATA 
: ,' e SIGHTING MARK 
6. . .? ~ i 

, i  

.- * 
e e 

8 e 
e e . *e..**. . 

""-""""" 

e . 
e e 

""""""" 

COMPUTE ORBITAL 
PARAMETER  AND 
LANDMARK  COOR- 
DINATE CHANGES 
AS A RESULT OF 
THIS  SIGHTING 
MARK """""""- 

e 
e . 
e 
e 

"""""""" 

FLASH VERB-NOUN  TO 
REQUEST  RESPONSE  AND 
DISPLAY  ORBITAL 
PARAMETER  CHANGES: 

VO6 N75 
R 1  - DELTA R 
R2 - DELTA V 
R3 - HULT HARK 

CTR 

DELTA R - MAGNITUDE 
OF  THE DIFFERENCE 
BETWEEN  THE P O S b  

. .  
e 

e 
e 
e 
e . 
e 
e 
e . 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e . 
e 
e 

e 
e 
e 

e 
e 
e 

6420 

#430 

1440 

TION VECTOR e 
BEFORE  AND  AFTER 
INCORPORATION OF e 
THE  LANDMARK e 
SIGHTING DATA. e 
I N  NeMe TO NEAREST; 
0.1 NeM. 0 . 

e 

e 
e 
e 
e . 
e 
e 

e 
e 

e . 

""C""""""" 

MONI.TOR  DSKY: e 
OBSERVE VERB4DJFi e 
FLASH TO REQUEST  RE- e 

SPONSE  AND DISPLAY e 
OF ORBITAL PARAMETER e 
CHANGES . """""""""_ 

e e 

0 e 
e . 
e e 
e e 
e e . e 
e e 
e e . . 
e e 
e e . e . e 
e e 
e . . e 
e e 
e e . e 
e e 
e e 
8 e 
e 
e 
e e 
e e 

0460 



e 

e 
DELTA V 0 MAGhiTUDE e 

OF THE DIFFERENCE 

CITY VECTOR 
BEFORE  AND  AFTER 
INCORPORATION OF 
THE  LANDMARK e 

I N  FPS TO NEAREST 
FPS 

BETWEEN  THE  VELO- 

SIGHTIRG DATA. 

MULT  MARK  CTR - 
FIRST AND  SECOND . 
CHARACTERS - 
ZERO: THIRD CHAR-. 
ACTER DESIGNATES . 
IF THIS IS 
1ST OR 2ND 
DATA DISPLAY FOR . 
CESSED: e 

DESIGNATES  TdE 
NUMBER  OF THE 
MARK NOW BEING 
PROCESSED: 

MARK BEING PRO- 

FOURTH  CHARACTER- 

F IFTH CHARACTER- 
DESIGNATES HOW 
MANY  MARKS kE2E 
MADE IN THIS 
SEQUENCE 

"""""""""" 

P22/CSM2/278 .! 
I 

#470 

I 

! 

5480 

5490 

""""""""" ~. 

ARE  ORB I TAL 
PARAMETER  CHANGES . 

ACCEPTABLE FOR IN-  
SERTION  INTO- CMC;. 

~~ . 

CALCULATION OF 
POSITION AND e 
VELUCITY e 
*"""""""" 

e Y  N e  e 

e e o  

e e  
e 

""""""" 

e . '  

KEY  Ii\i  PROCEED . 
""""""" 

* e  
e 0 -  

@ e  

0 .  

v 33 E a .  

0 .  

0 .  

0 .  

0 .  

I 

a500 

#5 10 



. 0 .  . o w  . 0 .  . 0 .  . 0 .  

0 .  
"""""""""" 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
OR TERMINATE ............w..w.w.. KEY I N  TERMINATE . 

v34 E . """""""""" 

.P To 

.R  E. . 

.O R. 
WC M. . 
.E .... 
.E . 
.D . 
UPDATE ChC STATE . """"""""_ . 
VECTOR  AND CO"- . 
PUTE REVISED LAND- 
MARK COORDINATES . . . W . . . . 
""""""""" 

"""""""" 

HAVE THE ORBITAL . 
PARAMETER . 
CHANGES BEEN . 
COMPUTED TkiICE 
FOR T H I S  MARK . 

.id .Y ........ """""""_ . . . . . . . """-"" ..... HAVE ALL 
0 .  THE MARKS 
0 .  BEEN PRO-, 
0 .  CESSED 

0 .  .Pi .Y 
. w  """""_ 
0 .  . . 
0 .  . . """"""_ 

SELECT THE 
w DATA FROM THE 
w NEXT SIGHTING 

0 MARK . 
C"""""" 

0 .  . . 
0 .  . . 
0 .  . .......... . . . . . . . . . . . 

"""""""""" . . . . . . . . . . . . . . . . . . . 
0 

W . . . . . 
W . . . . . . 
W . . . . . 
. . . . . . . 
w . . 
W 

# 5 2 0  

1530 

Y550  

Y560 



. . . . . . . 
HOLD. FLASH VEiZB-NOUW 

"""""""""" 

......... TO REQUEST PROCEED 
0. AND DISPLAY LANDqARK 

I D  h o e  . vo6 pi-- . R 1-OOOXX . RZ-BLAM . H3-BLANK . . . . . . . . . . 

"""""""""" 

WAIT FOR KtYdOAiiD 
EEUTRY: 

"""""""""" 

. . 
TERIviIrUATE FLASH JPOiV 
FlECEIPT OF PROCEED 
3R TERMIi$ATE . T. .PROCEED . E. 

R. . I .  FLASH VERB-NOUN . ;V. TO RtOUEST PRO- . A. CEED AND DISPLAY . To UPDATED  LHK 
E. COORDINATES . VU6 N63 

"""""""""" 

. :\1. """""""" 

HOLD 0 .  R1-LAT ............... RZ-LOh(i/Z . 0. R3-ALT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . 0 

e . . 

"""""""" 

5.3- e . . 

. .................... 

c .................... . 
. .................... . 

. .................... . 

. . . . 
"""""""""" 

MOiiITOR DSKY: . 
OBSERVE DISPLAY GF . 

LkiK I D  NO. 
"""""""""" . . . . . . . 
"""""""""" 

DO I DESIRE  DISPLAY 
OF UPDATED ( a  JN- . 
KNOWN) LANDMASK 
COORDINATES . 

ii .Y . """"""""0"- 

. . . . . """"_ . 
KEY Iilr . . 
TERMINATE . . 

V34E . . """"_ . . . 
""""""""" 

KEY I N  PROCEED . 
V33E . 

""""""""" 

. 
"""""""""" . MORITOR DSKY: 
OtSERVE  DISPLAY . 
OF UPDATED LMI< . 
COORDINATES . 
"""""""""" . . . . . . 
"""""""""" . 
RECORD DATA 
"""""""""" . . . . 
"""""""""" - - 
%ALL THESE  DATA BE 
SAVED IN CMC YEWRY? 
"""""""""" - 

84% . . 

Y 5 8 0  

P590 

#bo0 

t 6 1 O  

+620 



e e 
e 
e 
e 

"""""""" 

W A I T  FOR KEY- . 
e BOARD  ENTRY .*..e**..**ee.~e.eee 
e e 

e 

e TERMINATE  FLASH e 
e UPON RECEIPT OF e.e.eeee.e.e*.e..ee. 

PROCEED OR 
TERMINATE 

e eT eP 
e .E .R 
e O R  e o  

e M  e C  
*I *E 

e .h e E  
e .A e D  
e .T 

*E e 

"""""""_ 

* .  e 

e.... e 
e e 

e 
e """"""_ 

STORE  THESE 
COORDINATES 

e AS UPDATED 
LMK  PARA:4E- 

e TERS 
e """"""_ 
e e 

FROM 
* A "  

ABOVE 
e 
e 
e 

e e 
e e.. 
e e 

"""""""""" 

e 
e 
e * e  
e e .  

. e  C"""" 

KEY Iiu - *  
TERMINATE e *  

V34E e 0 .  """"_ e *  
e .  
e .  

"""""""""" 

KEY I N  PROCEED 
V33E e 

"""""""""" 

e 
e 
e 

e 
e 

e 
e 
e 
e 

e 

e 
e 
e 
e 
e 

e 

e 

FROM 
"A" e 

ABOVE 
e e 
e e 

e * *  
e 

"""""""""" 

HOLD .e FLASH VERB-NOUN  TO MONITOR DSKY: 
eee.eee...REQUEST PLEASE PER- *eoe.eeoee..e.e.et.o OBSERVE VtRB-NDUN 

ADDITIONAL  SIGHTING: e FLASH TO  REDLJEST e 
V50  N25 
R1-XXXXX 
R2-BLANK 
R3-BLANK 

"""""""""" 

e 
e 
e 

e 
e 

PLEASE PERFORM 
ADDITIONAL  SISHTING 
"""""""""" 

e 

e 
e 
e 

e 

e 
e 

. 

#630 

#640 

Y650 

#660 



e 
0 

0 

0 

0 

0 

0 

0 

a 
0 

a 
0 

0 

0 

a 
0 

0 

0 

0 

0 

a 
a 

0 

0 

0 

0 

a 
a 
0 . 
0 

a 
0 

0 
””””””””“” 

kAIT FOR KEYBOAGD 
ENTRY 

TERMIhATE FLASH JPON 
RECEIPT OF ENTER OR 
PROCEED 
”””””””“”” 

.E a P  
ON O R  
* T  a 0  
.E a C  
* R  
a 

*E 
.E 

....*a*. a D  
0 

”””””””” 

TERMIHATE P22 
AND GO TO Ci4C 
I D L I N G  PROGRAM 
(PO0 1 
”””””””” 

a 
0 

a 
..e 

EXIT 
P22  

0 

a 
a 
a 
0 

“””””””“”” 

DO I WAdT TO PERFGGM 
ANOTHER SIGHTING? 
”””””””””” 

iu O Y  

a 
0 8 

0 ”””””““ 

a o o a o o ~ * o o o o ~ o ~ a o o ~ a ~ ~ E Y  Ii$ PROCEED. 
a V33E 0 

””””””” 

0 0 

0 0 ”””_ 

~ ~ a ~ * ~ ~ * ~ ~ ~ a a 0 0 a 0 ~ 0 0 ~ 0 ~ ~ ~ ~ 0 0 0 ~ 0 a ~  <EY I N  
a ENTER 

0 ”””_ 

0 0 

0 a 

a 
a 

***.** 

0 

a 
””””””””“” 

0 MONITOR  DSKY: 
a ~ o o o o o o o a o r o ~ o a ~ a ~ o o O 6 S E R V E  1ERM.INA.fION 

a OF P 2 2  AND DISPLAY 
OF PO0 
”””””””””” 

0 

0 

0 

e * .  
0 

EX1 1 
P 2 2  

Y680 

Y700 

Y710 





AP3LLO COqPUTER LOGIC  CHECKLIST  INTERFACE 

COURSE NAVIGATION PROGRAM ( P 2 3 )  REV 6 10/31/66 

PURPOSE: (1) TO OBTAIN  THE ANGLE BETWEEN A NAVIGATION STAR A h 9  A&  EARTH/LUNAR  LANDMARK OR THE  EARTH/LUNAR  HORIZON  FOR 
NAVIGATIOiV PURPOSES. FOR M I S S I O N   2 7 8   T H I S  PROGRAN MILL BE  AN  ABBREVIATED SEQUENCE FOR EXPEHIMENTAL  ANALYSIS ONLY. I T  
WILL BE DOhE ONLY FOR THE  STAR/LUNAH  rlORIZON  CASE DR THE  STAR/LUNAR  LANDMARK  CASt. FOR M I S S I O N  503 I T  WILL ALSO BE 
D O N t  FOR THE  STAaJEARTH  H3RIZON AND TAE STAR/ tARTH LANDMARK CASE. 

ASSLIMPTIONS: (1) THIS  P i (35RAN D3ES NOT REQUIRE  THAT  THE ISS &E  3Na 

( 2 )  THE  VEHICLE  POSIT ION*   T IME OF MARd6r AND THE OPTICS  ANGLES HiILL BE ON THE CMC DOWNLINKo I F  THE  PROGRAM IS NOT 
CONUUCTED OVER A G2OUND STATION  THE NAV  MUST RECORD THE  OPTICS  ANGLES AND T I M E  FOR EACH MARK. 

( 3 )  THE PROG~API WALES NO PROVISION F O ~ .  VEHICLE ATTITUDE CONTROL AND IS INDEPENDENT OF THE METHOD USED. 

(4) THE PROGRAM I S  SELECTED BY THE  ASTRONAUT BY DSKY ENTRY. 

PROG 
COhT 

CMC GROUhD  CREN 

.CREd PkOLa 
a S E L E C l I O h  . 

m o o  . 
"""""""""" """""""""" 

DO PRObiiAM  SELECTION KEY Ihi C I S L ~ I W ?  kID- 
CtlECK R O U T I N E   ( R o l l  ~ ~ 0 0 0 0 0 0 0 0 0 0 ~ ~ 0 0 0 0 0 0  COURSE N A V I G A T I O N  

0 PROGRAlit (P231 
V37E 23E 

"""""""""" 

e 
e 
0 

""""""""" 

0 0 ~ 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0  DO PROGRAFI SELECTION 
0 .  CHECK ROUTINE (901) 

"""""""""" """""""""" 

0 

0 
"""""""""" 

START  CISLUiQAR 410- 

PROGRAM (P23 PkOGRACi 23 

"""""""""" 

MOhITOR DSKY: 
COURSE NAVIGATION 0 0 ~ 0 0 0 0 0 0 0 ~ ~ a 0 0 0 0 m 0 0  OUSERLE  DISPLAY OF 

"""""""""" """"_.""""" 

0 

0 . 
0 . 
a 

CHECKLIST T IME  TOTAL 
T I M E  

#lo 

P20 



.- 

e 
e 
e 
e 
e 

e e e e e e e  e 
e e 
e e 

"""""""""" 

FLASH  PLEASE MARK e 
V51 N BLANK *e****ee**ee*e.*ee. 
R1-  BLANK e 
R2- BLANK 
R3- BLANK 

"""""""""" 

e 
e 
e 

e 
0 

e 

e 
e 
I """""""""" . e 

e 

* * * * e *  
e e 

e 
"""""""""" 

MGN I TOR DSKY: e 
OBSERVE F L A W  O f  e 
PLEASE MARK V51 e 
"""""""""" 

e e 
e e 

e 
"""""""""" 

PERFORM STAWLAND- e 

ACQUISITION PRO- e 
CEDURE PER C8ECKLIST e 

MARK OR. H0RSZC)N e 

"""""""""" 

e e 
e e 
e e 

"""""""""" 

e W A I T  FOR MARK e e e e e e e e o e e e e e e e e e e e e  PERFORM SIGHTIHG 0 

"""""""""" 

e 
MARK e 
"""""""""" 

e e e 
e 

e e 
e 
e 

e 

e e 
"""""""""" 

FLASH VERB-iiOUN TO 
e REQUEST  RESPONSE  AND e 

eeeeeeeoeeDJSPLAY  OPTICS A N G L E S e e e e e e e e e e e e e e e e e e e e  
HOLD e VG6 N57 e 

e Rl-SHAFT ANGLE 
e R2-TRUNNION ANGLE 
e R3-BLANK 

3PTICS ANGLES l i d  
e 

e DEGREES TO NEAREST 
e e 0 1  DEG  FOR SHAFT 9 

e e001 DEG  FOR TRUNNION 
"""""""""" 

"""""""""" - 
MONITOR DSKY; e 

FLASH TO REQUEST e 

OF OPTICS ANGLES e 

OBSERVE VERB-NWN e 

RESPONSE  AND DISPLAY e 

"""""""""" 

e 
e 
e 
e 
e 
e 
e 

"""""""""" 

e 
e 
e 
e 
e 
e 
e 

COORDINATE RECEIPT e 
OF T H I S  DATA AND e 
STAR/LANDMARK OR e 

IF ICATION BY  THE e 

ACKNOaLEDGED? e 

HORIZON I DENT-- e 

GROUND. IS DATA e 

e e """""""""" 

e e 
e e 

Y70 

Y 8 0  

f90  



e 

e 

e 

e 

e 

e 

0 

e 

e 

e 
e 
e 

e 

e 
e 

e 

e 

e 

e 

* e  

HOLD e e  
*e*.....* 

e 
e 

e 
e 

0 

e 
e 

e 

e 
e 
e 
e 

e 

e 

e 

e 

e 

e 
e 

6/  

e 

e 

e 
e 

. 
e 

. 
"""""""""" . 
RECEIPT OF PROCEED 
"""""""""" 

e 

e 
"""""""""" 

FLASH VEi?G-i4OirN TO 
REQUEST  PROCEED  AbD 
D I S P L A Y   T I M t  OF *LARK e * * e * e e e e e e e * e * * * . e *  

V06 h34 
R1-T MARK-HRS 
R2-T  MARK-MIN 
R3-T MAi3K"SEC 

T  MARK-TIME OF ,%ARK 
(GET). IN HRSI ?lIN 
AND SEC TO NEAREST 
e 0 1  SEC. 
"""""""""" 

e 

e 
e 

e 

e 
e 
e 
e 

"""""""""" 

WAIT FOR KEYBOAR3 * * * o e * e e e e e . e e e e e * *  

ENTRY e 

TERMINATE  FLASH 
UPON R E C E I P l  OF 
PROCEED 
"""""""""" 

e 

e 

e e .  
* e  
e *  
* e  

e e .  
* e  """""""" 

RECORD DISPLAY e 

AND I D E N T I -  
F I C A T I O N  

DATA BOOK 

e .  

DATA IN F L I G H T  0 e 
e e  

e .  
e *  

e e .  
e .  
* *  

"""""""""" 

"""""""" 

KEY Iiu PROCEED e 
V 33 E e 

"""""""""" 

e 

MOiv i TOR DSKY : 

FLASH TO R E M E S T  
PROCEED  AND DISPLAY e 
OF TIME OF MARK 
"""""""""" 

"""""""""" 

e 
OaSERVE  VERB*hOJl\r e 

e 

e 

e 

e 
e 

"""""""""" 

COORDINATE  RECEIPT 
OF THIS  DATA.  BY THE e 
GROUND 
IS DATA ACKNDW- 
LEDGED? 

e 

e 
e 

"""""""""" 

N* Ye e 
e * *  
e 

"""""""" 

* *  
* e  

RECORD DISPLAY 
DATA I& F L I G H T  e e 

* e  
e *  

DATA BOOK 
"""""""" 

e e .  
e e .  

"""""""""" 

KEY I &  PGOCEED e 

V 33 E 
"""""""""" 

e 

e 
e 
e 

e 

e 

e 
e 

e 

e 
e 
e 

#llO 

Y120  

Y130  

#140 



. 
62 : . . . ... 

HOLD e.  ......... .. . . . . . . . 
. . . . . . . . . . . . . 
. . 

. . . . 
"""""""""" 

FLASH VERB-kOUN TO 
REQUEST PLEASE PER- 
FORM ADDITIONAL 
SIGHTING 

V50 N25 
Gl -OOOXX 
RZ-BLAhK 
i l3-BLANK 

"""""""""" . . . . . . 
"""""""""" 

N A I T  FOR KEYBOARD 
ENTRY 

TERMIRATE  FLASH UPON 
RECEIPT OF ENTER OR 
PROCEED 
"""""""""" 

.E .P 

.N .R 

.T .O 

.E  .C 

.R .E 
.E ....... .D . . """""""""_ 

TERMIHATE P23 Ai iD GO 
TO CMC IDLIi'qG (PO01 
"""""""""" . . . . ... . 

E X I T  P23 

. . . . . . . . 
MOkI TOR DSKY 
OaSERVE  VERB-NOW 
FLASH TO REQUEST 
PLEASE PERFORM 
A D D I T I O N A L   S I G H T I N G  

"""""""""" 

. . . . 
"""""""""" 

DO I WANT TO PERFORM 
ANOTHER SIGHTINGS? 

.N .Y . """""""""" . . . . . 
""""""" . KEY 114 PROCEED . ~ ~ . ~ . ~ . ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~  V33E e . . """"""" . . . . . . . . 

"""""" . ........................... KEY IN ENTER . . """""" . . . . . . . . . ....... . . 
. 

"""""""""" .................... MONITOR  DSKY: 
OGSERVE TERMINATION 
OF P 2 3  AND DISPLAY 
OF PO0 
"""""""""" . . . ... 

E X ~ T  ~ 2 3  

#i60 

Y170 

Yl80 

Y190 
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APOLLO COMPUTER L O G I C  CHECKLIST  INTERFACE 

ASSUMPTIONS: 

PROG 
CONT 

LGC I N I T I A L I Z A T I O N  PROGRAM. (P26) REV 1 10/14 /66  

(1) TO DISPLAY CHC  CLOCK TIME I F  RE3JIRED FOR DETERMIWTION O f  DIFFERENCE BETWEEN  CMC  AND  LGC  CLOCKS. 

( 2 )  TO DISPLAY THE CSM/LM STATE VECT3R FOR  SUBSEQJENT LOADING INTO THE LGC. SINCE THE CSM  AND LM ARE ATTACHED DURING 
EXECUTION OF THIS PROGRAH.THE CSM  AND LM STATE VECTORS  ARE IDENTICAL. 

(3) TO DISPLAY TEPHEM  FOR  SUBSEQUENT LOADING  INTO THE  LGC.  TEPHEM IS THE TIME OF CMC  CLOCK  ZERO  FROM JULY 1 OF THE 
REFERENCE BESSELIAN YEAR. 

(1) THE CSM  AND LM ARE  ATTACHED. 

( 2 )  THIS PROGRAht IS SELECTED BY  THE  ASTRCNAUT  BY  3SKY  ENTRY  AND I S  COORDINATED WITH THE  LGC I N I T I A L I Z A T I O N  PROGRAM 
( P O I )   I N  THE LGC BY  CREW  PROCEDURES. 

CMC GROUND CREH 

"""""""""" 

30 I HAVE A  PRECISE 
VALUE FOR  THE DIF- 
FERENCE  BETWEEN  THE 
CMC  AND LGC  CLOCKS 
SUPPLIED FROM.  THE 
GROUND  AND OBTAINED 

'BY COMPARING CLOCK 
READINGS ON  THE CMC 
AND  LGC DOWNLINKS? 
"""""""""" 

obi . . """"""_ 
KEY Iiri  V06N65 """"""_ 

- 
.Y . . . . . . . . . . . . . 
. . . . . . 

CHECKLIST TIME TOTAL 
TIME 

610 

PZO 



e a m  a 
e m e  
e 

e 

e e .  e 

e m e  a 
"""""""" 

e a  0 

e PERFORM COUIUT- e 
a DOWN N I T H  CREN e 

e MEMBER I N  LM T O  a 
e ENSURE SIMULTA- e 
e NEOUS DEPRESSION e 

e OF ENTER KEYS ON a 
e BOTH DSKYSe e 
"""""""" 

e a e 

e e a 
e a a 

e """""""""" """""" 

RECORD COhTEiJTS OF e e e e a e e e e e e e e e m e a e e e  KEY I N  ENTER e 
CMC CLOCK AT T INE OF e e 
ENTER. 

"""""" 

e e 
e e """""""""" 

e 
e 
e 

"""""""""" 

DISPLAY  V06N65 
DISPLAY  READING OF 
CMC CLOCK  AT ENTER 
I N  R l r  R2 AND R3e 

Rl-HRS 
R2-R Ih  
R3-5EC 

R 3  GIVES SECONDS TO 

SECOND 
THE NEAREST e 0 1  

"""""""""" 

e e 
e e 
e e 
"""""""" 

e e e e e e e e e e e e e a e e ~ a e a  RECORD CMC T I M E  e 

e e OF ENTER. D I S -  e 
e PLAYED IK R l r  R2 a 
e AND R3a e 

"""""""" 

e e e 
e e e 
e a a 
"""""""" 

e OBTAIN VALUE V I A  a 
e VOICE  LINK OF a 
e LGC T I M E  AT e 
e EhTER e 
"""""""" 

e a 
e e 
e a e 
""""""3"- 

COMPUTE TIME 
e DIFFERENCE: (CMC e 
e TIME)-(LCC TIME) e 

AND  RECORD e 
"""""""" 

e 
e 

a 
e 

e 
e 

*. e a 
"""""""" 

e DO I N I S H  TO e 
e TAKE MORE DATA e 

POINTS? e 

a e Y  eIJ a 

"""""""" 

e e e e 
a e e 
e e a e a e  e 

e 

e 

e 

a 
e e 

P2b/CSM2/278 
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GC 0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

TAKE AVERAGE 3f  0 

T I M E  3 I F F E 2 E N C k S  0 

"""""""". 

TO INCKtASE. 
ACCURACY 

0 

0 
"""""""" 

0 0 

e 0 

0 0 

0 0 
"""""""""" 

DO PROGRAM SELECTIOi i  """""""""" 

CHECK ROUTIbE I R 0 1 )  o o o o o o o o o o o o o o e o o o o o  KEY It\ LGC INITIALI -  
0 ZATION PRGGRA:*1 (P26) 

V 3 7 t 2 6 E  
"""""""""" 

HOLD 
0 . 0 0  

e o ~ o o o o o o o o e o e ~ ~ ~ ~ o o  DO PROGRAM 5ELECTIOiQ 
"""""""""" 

0 CHECK ROUTINE (?01) 
"""""""""" 

"""""""""" 

e 
e 
e 

"""""""""" 

START  LGC I N I T I A L I -  o o o o o e o o o o o o o o ~ o e o o ~  MGiQITOR  DSKy: 
"""""""""" 

ZATION PROGRAM ( P 2 6 )  0 OESERVE DISPLAY OF 
D I S P L A Y   P 2 6   P 2 6  
"""""""""" 

0 

0 

0 
"""""""""" 

I h i I T I A L I Z E  COMPOhiEi\iT 
COUNTER 
"""""""""" 

0 

0 

0 

0 0 . 0 . .  

0 

0 

0 0 

0 0 
"""""""""" 

R1-XXXXX 
R2-XXXXX 
R3-AAAA 

"""""""""" 

"""""""""" 

MOiiITOF? DSKY: 
OBSERVE VERB-luOUlu 
FLASH TO REWEST 
RtSPOiuSE 
"""""""""" 

0 

0 

0 

0 

0 

0 

0 

YllO 

y120 

0 

0 

0 

b 

0 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

R1  CONTAINS  OCTAL 
D I G I T S  OF MOST 516- 
NIF ICANT  PART OF 
COMPONENT CORRES- 
PONGING TO COMPONENT 
COUNTER AND R 2  C3N- 

PART OF SAMk COMPO- 

OCTAL ADDRESS OF 

T A I N S  LEAST  SIG. 

NENT. A3 CORTAII IS 

T H I  S COMPONENT 
"""""""""" . . . 
"""""""""" 

d A I T  FOR KEYBOARD 
ENTRY . .................... . 
TERMINATE  FLASH LlP01u 
RECEIPT OF PROCEED 
"""""""""" 

.P 

.R 

.O 

.C 

.E 
* E  
.D . 
0 

"""""""""" 

CHECK COMPOi.iEi\iT 
COUNTER: WAS T H I S  
THE LAST CObIPONENT? 
"""""""""" 

.M .Y . . . . """"""""", 
INCREASE COMPONENT. 
CDUNuTER . """""""""* . . . . . . ........ 

. . . . . . 
"""""""""" 

RECORD  AND/OR V 3 i C E  
TO LM CREW  DATA I N  
R1 AND R 2  FOR LOAD 
I N  SANE  ADDRESS IN 
LGC  DURING LGC 
I N I T I A L I Z A T I 3 h  
PROGRAM (PO11 
"""""""""" . . . . . 
""""""" 

KEY I N  PROCEE3 
V33E 

""""""" 

Y140 

#150 

t160 

#170 

#18O 

#190 



"""""""""_ 
FLASH VERB-iuOUiu T O  

HOLD REQUEST PLEASE  PER- 
. .  FORM SEL€CTION OF 

.d V50 h 0 7  1 .. IDL ING PROGRAV (POD) 

R1-00000 
R2-bLANK 
R3-BLANK 

"""""""""" 

"""""""""" 

HiAIT FOR KEYBOARD 
ENTRY 

TERMINATE  FLASH UPON 
RECEIPT OF REQUEST 
FOR NEW PROGRAM 
"""""""""" 

"""""""""" 

60 TO PROGRAM 
SELECTED 
"""""""""" 

0 

.** 

E X I T   P 2 6  

. ~ * ~ o * o * m m * * o * * o m e * .  MOivITOR DSKY: 
"""""""""" 

OSSERVE VERB-4OJh 
FLASH TO REGJEST 
StLECTION OF P O 0  
"""""""""" 

"""""""""" 

0 KEY IN PROtiRAM 

0 V37E--E 
m * * s * * o e * o o * * * * * o m * m  DESIRED 

"""""""""" 

* 
"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" 

.om 

E X I T  P26 

*zoo 

Y210 

Y220 





AP3LLO COYPUTEH LOGIC  CHECKLIST  IATERFACE 

CMC UPDATE PROGRAM (P27)  REV 4 10/11/66 

PURPOSE : (1) TO INSERT  IhF3RMATION  INTO THE CMC V I A  THE DIGITAL  UPLINK 6Y TRANSMISSION FROM THE GROUkO OR V I A  THE DSKY 
KEYBOARO BY CRErJ MANJ4L  INPUT. 

ASSUCIPTIOkS: (1) THE CMC  MUST BE I N  TrfE OPERATE CONDITIOke THE IYU MAY BE IN STANDBY OR OPERATE CONDITION. 

( 2 )  CMC UPDATES ARE OF FOJR CATEGORIES: 

( A )  A I M  PARAMETERS FOR AN EXTERNAL  DELTA V YAhEUVER ( V 7 2 ) e  

(61 LM P35111ON1  VELOCITY 4ND T I M k  t R V T I  ( V 7 O ) e  

(C) CSM. POSITION.  VELOCITY 4ND TIME  (RVT) (V7Q) .  

(0) TIME  dPD4TE ( V 7 7 ) e  

( 3 )  A COHPLETE DESCRIPTIDY OF THE CMC UPLINK FORMAT IS INCLUDED I N  SECTIOk 3 OF R-547 VOL I e  

( 4 )  THE PROGRAM I S  iYORMALLY MANUALLY SELECTED BY THE.  ASTRONAUT BY DSKY ENTRY OR BY THE GROUhD BY UPLINK  TRANSWISSIOhe 
THE A B I L I T Y  DF THE CMC  TO RECEIVE  UPLINK  TRANSMISSIONS HOWEVER I S  CONTINGENT UPON THE CREY PLACING THE UPTEL 
SWITCH IN THE 'ACCEPT, POSITIONe THE PROGRAM  CAN  ONLY BE ENTERED FROM PO0 AND* WHEN TERMINATED.  AUTOMATXCALLY 
RETURNS TO  POOe 

PHQLi 
CONT 

CMC GR3UND 

"""""""" 

CONFIRM UPDATE . 

PARAMETERS AND 
XVISSION  TIME e..*ee 
PREPARE PARA- 
WETERS 41 NECES- 
SARY  GROJNL) 
STATIOtVe 
"""""""" 

e . . . . 
e 
e 
e 

CREd 

CREd . PROG 
*SELECTIOk 
e 

e.. 
e 

""""""""" 

REOUEST CMC JPDATE. 
SPECIFY PARAMETERS 
AND COORDINATE  TIME 

CMC H I L L  BE ABLE TO 
OF XMISSION. ENSURE 

ACCEPT. 

"""""""""" . . 
e 
9 

e 

e . 
e 

CHECKLIST TIME TOTAL 
T I N E  

*10 



. . . 
w . . 

*GROUND 
w mPROG 

* * * * * *  * S E L E C T I O N  
w w.. . . 
"""""""" 

N 3 T I F Y   C X U I  OF 
w I N T E N T I 3 N  TO . . w . m w  

UPDATE. S P E C I F Y  w 
w PARAMETEQS  AND 
w COORDINATE  TIHE. . """""""" . . 
w . 
* . . w w w  

w w  
m .  """"""""_ 

VlILL UPDATE BE 
DONE AUT3MATI -  
CALLY BY CMC UP- w 

. . 
w . . 
w . . . . . 

"""""""" 

VERIFY  THAT JP- 
DATE WILL BE 0 

SATISFACTORY w 
W'wRwT. T I M E 9  w 
WORK IN PRO- W 

GRESSI  AND  CYC 
A C T I V I T Y .  . 
"""""""" . . . w 

w . 
"""""""""" 

WILL UPDATE SE OGNE 
AUTOMATICALLY BY CMC 

. UPLINK FROM SROJi\lD 
L I N K  FR3Y -GROUND ...OR MANUALLY  BY CREW 
OR MANUALLY BY DSKY  INPUT 
CREW DSCY  INPUT """"""""_ """""""""" 

.MAN  AUTO. MAi i  . . . . . . . . 
""""""" """"""" 

TPAiiSM X T UP- .* RECEIVE  AND 

L I N K  TO CREW 
DATE BY VOICE .wmow..RECORD JPDATE 

* *  """"""" 
""""""". . . . 

0 . ... . . . 
E X I T  P27 . 

w """""""_ 
SET  UPTEL SrJ T3 
ACCEPT """""""_ . 

w 
w w w  . 

GO TO  LJPTEL 
A C T I V I T Y   L I G q T  
OUT ( LiELOiv 1 

. 
w 

w 
w . . 
0 

. . . 
w . . . 
0 

w 

w 
w . 
w . 
w 

Y30 

#40 

Y 7 0  



e e 
e e 
e 

e 

"""""""""" e 

SELECT T4E  DESIRED 0 

TYPE OF LIPDATE: e 
l e  EXT DELTA V V72 
2. LM RVT V70 
3. CSM 2JT  V76 e 

4 e  TIME  V77 e 

l e  2. 3 e  4. e 

e e e 
e e e 

"""""""""". 

e e e 
"""""""""" 

e SELECT THE DESIiZED 
"""""""""" """ e TYPE OF UPDATE: 
DO PROGRAM TRANS- e e 1. EXT DELTA V V72 
SELECTION CHECK e e e e  MIT e e e 2. LM RVT V70 
ROUTINE ( R o l l  e V72E 3. CSM R V T  V76 

""" 4. TIME  V77 
"""C"""""" """_ e 1. 2.  3. 4 e  

e TRANS- e e e 
m e e e m e m m  MIT  

m e  
e e m  

V70E e e m  e 
""" m .  e 

e m .  
e m  W e e 

""" 0 e 

TRANS" 
em**+meeme.rme*emMIT e 

V76E e 0 

""" e e 

e m  e e 
e e  e e 

""". e e 

TRAi.iS-- e 

m..meeommmmmee.mme~eMIT e e e 
V77E e e e """. e e 

e e e 
e e e 
""" e 

. KEY I N  e e 
memeeemmeemmmomeeeeemeemmeV72E e e 

""" e 
e 

e e e 
"""l 

e KEY IN e 

m m m m m m m e ~ m m w m m m m e . m m m e e m m o ~ ~ o o V 7 0 E  e 
""" e 

e 

e 

e e 
0 e 
e e 

P27/CSM2/278 
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. e . . 
"""""""" 

T 3  REQUEST tOAD 
FLASH VERB-hOUN 

OF DATA I N  
MACHINE ADDRESS 
SPECIFIED IN R3 
AND DISPLAY: 

V21 NO1 
Rl-BLANK 
RZ-UNCHANGED 
R3-UPADR 

UPADR-THE  ADDRESS 
OF AN ERASABLE 
MEMORY LOCATION 
TO BE USED FOR 
TEMPORARY 
STORAGE OF THE 
DATA WORD NEXT 
LOADED. 
"""""""" . . 

. . . . . . a .  ......................... . 0 .  

0 MONITOR 30WNLINK: 
..*..OBSERVE VERB4OUN 

FLASH AND DISPLAY a 
OF UPADR. . 
""""""""" 

""""""""_ . . . . 

. . 
"""""""""- 

MONITOR OSKY: 
OBSERVE  VERB-NO& 
FLASH TO REGIJEST 
LOAD  OF  DATA  AND 
DISPLAY OF UPADR 
""""""""" . . . . . . 

"""""""Y". 

DO I WISi l  TO 
TERMINATE. 
""""""""". 

Y. N. . . . . . . . . . . 

. . . . . . . . . . . . . . 
""""""""" 

DO I WISH TO 
TERMINATE 

Y a  N. 
""""""""" . . . 

""""""" . 
WAIT FOR KEY- .....TRANSMIT TERMIN- . . .  . 
BOARD  ENTRY. ATE . """""""" 

0 .  . 
DISPLAY DATA V 34. E 
I N  R1 AS I T  IS """""""-r . 
LOADED. 0 .  . . """"""""_ . 

.....TRANSMIT UPDATE . .  . 
0 .  . . . .  

""""""""", 0 .  . . a .  . """"""-0. 

. .....m..oa........o.......KEY I N  TERMINATE . . e v 34 E . 
"""""""". 

a . . . """"""""- 
TERMINATE  FLASH KEY IN DATA FOR 
UPON RECEIPT OF .*......*.................UPDATE: 
TERMINATE OR DATA, a XXXXXE 
"""""""" OBSERVE DATA LOADED . . TO BE DISPLAYED I& . DATA Rl. 
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e . . . . . 

#200 

f210  

t230 



” 

.\ 

/ 

. 

. . 
””””””””“ 

e . . . . 
w . . . . 
e . e . 
e . 
e e . 
e . . . 
e . 
e 
e e . . . e . 

e . . . . . . . e . 
e . . . . . . e . e 
4 . . . . . 
a . e 
e e 
e e 
e . . . . 
e . . 
e . . . . 
e * 
* 0 

c * 
0 

c 

a 

Y240 

4250 

1260 

Y 2 7 0  

#2ao 



00 m * 
0 
N 

J 
m 

.............. 
1 I . , .  ........ 

........ 

......... ......... 0 . .  ... ...... ..... ........ ........ I 
I 

I 
I 

I I 
I I 

I r i  
I O  I 

I 
I t  I 

...... 
I *  
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

I 

I L. 
I 3l- 

I Z  .... 
I O M  I 

I i :  I 
f , W  ; 
15 I 
I U  I 
1 
l r  I 

I 

L I 
I 
I >  I 

I 
I W  
I Y  I ......... . . ...... 

.. .. I I 

I -a I 
I 3 2  I 
I - 1  
I -z I 

I o w  I 

. I I W  
I In+ I 

I a1 
I ne I 

. . ..... * i ; . . . .  
1 

........ 
i .... . 

0 . .  . . . . . . . . . . . . . . . . 

I 
.. I ......... ........ ..... ..... ..... ..... 0 . .  0 . .  ...... 

...... 
........ 

. i . I 
0 . .  ........ . . I O  . I I-< . I t -  . I T U  . 1 In5 

i 

! 
W 

..... 
. . 

0 . .  . . 0 . .  
. Q  . . wln  . I . . I 

I 

. 
0 . .  . 0 . .  . 

.. 

.............. .............. ..... ..... ..... , ,  

......... ......... ......... 
. . 0 ' .  . ...... ...... 

... 
0 . .  ... 

... ... 
0 . .  

........ ........ ........ ........ . . . .  ....... 
o n  

. o  .-I 

. I  

........ 



m 
IC 
fu 
\ 
N 
P 

U 
m 

I- 
\ 

N 
n 

0 
m 
Ln 
*t 

0 
9 

*t 
m 

0 . 0 . .  

0 . 0 . .  

.... 
0 0 . 0  

........ ........ ........ 0 . 0 .  
0 

i i  
I :  I... 
I 
I 

I 
I 
I 
I .................................. 
I 
I 
I 
I 
I 
I 
I 

..... 

.................... 
6 .  
0 .  

0 0 .  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 . 0 . .  I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

0 
0 
0 
0 
0 

0 .  

0 
0 
0 
0 
0 

0 * 
0 
0 
0 
0 

* 
0 
. I  

0 0 . .  0 

0 
0 

0 
0 
0 

0 . .   0 . .  
0 

I 
I 

....... 
0 . .  0 . 0 . .  

0 
0 

0 
0 t u  0 

0 . .  0 . .  ....... ....... 
0 0 . 0 0 . .  

0 

0 

0 0 . 0 .  

0 0 . 0 .  

0 . 0 . .  

0 . 0 . .  

... ... .............. .............. .............. 
.......... .......... .......... 



o r n o .  .... 
"""""""""" 

I S  OCTAL IDENTIF IER 
POSIT IVE 

0 . 0  Ne .Y 
"""""""""" 

....... . . . 
"""""""""" 

I S  OCTAL IDENTIF IER 
GREATER  THAN 0 AND 
LESS THAN OR EQUAL 

0 TO X 
MHERE: 
V72r X s 8 
V70r X = 14 
V76, X = 14 . v77r x = 1 . N. .Y 
"""""""""_ ...... . 
PUT ADDRESS OF 
COMPONENT TO BE 
CORRECTED INTO UPADR 

"""""""""" 

"""""""""" 

0 .  . 
0 .  

0 .  . .......... . ............... . . 
""""""C 

TUREi OFF' UPTL 
ACTIVITY LIGHT 

""""""" . 

1420 

(SEE ABOVE) . . . .,. 
"""""""""" .......................... MONITOR DSKY: 

I T Y  LJGHT OUT 
OaSERVE UPTL  ACTIY- 

"""""""""" 

.*....MONITOR DOWNLINK: 
065ERVE UPTt ACTIV- 

"""""""""" . 
xrr LIGHT OUT . 
"""""""""". . . """""""- 

CHANGE DOWNLINK .e........ 
L I S T  TO ORIGINAL . 
"""""""" . 

Y400 

#410 

f 4 3 0  

1440 

. . . . . . . . . . . 



a 

a 

a 
"""" 

TERMIFjATE 
P27  AND 
GO TO PO0 

"""" 

a 
a 

a 
a 

a 

a 
a 

a a a  

e 
E X I T   P 2 7  

a 

a 

a 
.. .. - . 

a 

a 

. . -  

e """""""""_ a 
a . . a a a a a . . a . . a a . . a a . a ~ ~ a ~ a a ~ a ~ a  MONITOR DSKY: 

a a OBSERVE TERMIhATION 
a OF P 2 7  AND DISPLAY 

OF PROGRAM 00 
"""""""""" 

a 
a 

e 
a 
a 

MONITOR DOUINLINK: a 
a . . a a a . a a a  OBSERVE TERMINATION 

OF P 2 7 r  THE RETURN 
TD Po01 4ND REVERSION 
TO ORIGINAL DOWN- * 
LINK FORMAT. a 

a 

a 

"""""""""". 

"""""""""" 

0 
"""""""""" 

SET UPTEL WITCH TO 
BLOCK 
"""""""""" 

a 
e a .  

a 
E X I T   P 2 7  

P27 /CSM2/278  
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Y460  
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AP3LLD COMPUTER LOGIC,  CHECKLIST  INTERFACE 

EXTERNAL  DELTA V PROGRAM ( P 3 0 )  REV 8 10/31/66 

PUNPOSE: ( 1 1  TO ACCEPT TARGETING PARAMETERS OBTAINED FROCi A  SOUHCE(S1  EXTERNAL TO THE CMC AND COMPUTE THEREFROM THE  REQUIRED 
VELOCITY  AhD OTHER. INIT IAL  CONDITIONS  REQUIRED  BY  TdE CMC FUR EXECUTION OF THE  DESIRED MANEUVER. THE  TARGETING 
PARAMETERS INSERTED  INTO THE CMC ARE THE IMPULSIVE  2ELTA V ALONG CSM LOCAL  VERTICAL AXES AT TIG. AND THE  T IME  OF 
I G N I T I O h ( T 1 G I m  

( 2 )  TO DISPLAY TO THE ASTROtvAUT AND THE GROUND C E R T A I N   S P E C I F I C  DEPENDENT VARIABLES  ASSOCIATED  WITH THE DESIRED 
MANEUVER FOR APP2DVAL  BY THE ASTRONALLT/GROUIYD. 

( 3 )  T H I S  PROGRAM I S  DESIGNED FOR  ONE-MAN OPERATION. 

ASSiJMPTIOhS: ( 1 )  THE  TARGET PARAkETERS  (UELTA V ( L V )  AND TIGN)  MAY HAVE  BEEh LOADEO  FROi/I  THE  GilObND  DURING  A PRIOR  EXECUTIOh OF P27.  

( 2 )  THE 1 5 5  M A Y  3E I N  STANDBY OR OPERaTE. THE GNCS START  UP PROGRAM ( P 0 5 )  AND THE  IMU  ORIENTATION  DETERMINATION PRO- 
GRAM ( P 5 1 )  SHOULD BE COMPLETED  BEFORE  THE SELECTION OF T H I S  PROGRAM UNLESS  THIS PROGRAM IS SELECTED  ONLY  FOR  DATA 
LOADING AND THRUSTING PARAMETER  COMPUTATION. TIME  AhD RCS FUEL MAY BE  SAVED AND  SUBSEQUENT I M U  ALIGFrMENT D E C I S I O N S  
GREATLY S I M P L I F I E S   I F   P 5 1  IS PERFORMEO I N  SUCH A M A Y  AS TO LEAVE  THE  IMU  INERTIALLY  STAaIL IZED AT  AN O R I E N T A T I O N  
CLOSE TO THE  PREFERRED  ORIENTATION. T H I S  PROGRAM GEFrERATES THE MANEUVER I P i I T I A L   C O N D I T I O N S  FROM WHfCti  THE  PREFERRED 
IMU ORIENTATION CAN BE  DETERMINED I N  PROGRAh 40 OR 41. 
THE 1.55 THUS MAY BE: 

(A)  OFF  (STANDBY). 

( E )  ON, AND NOT ALIGNED  SINCE  TURh ON 

(C)  ON AND AT A Y  INERTIAL   ORIENTATION K%Ll&N  OhLY  INACCURATELY BY THE CMC, 1.E. HAVING  BEEN  ALIGNED  AT . 
LEAST ONCE SINCE TURN ON BUT NOT h I T H I N  THE LAST --HRS 

(Dl ON AND AT A4  Ih iERTIAL  ORIENTATION KIUOWN ACCURATELY BY THE C k C *  1.E. HAVING  BEEN  ALIGNED  k1THIr.I  
THE  LAST "HRS 

I F  ( A )  IS TRUE PROGRAM'OS SELECTION * ILL  BE  REGilESTE3  BY  THIS PROGRAM. 
I F  ( B )  IS TRUE PROGRAM 5 1  SELECTION rlILL BE REQUESTED  BY T H I S  PROGRAM. 
I F  ( C )   I S ' T R U E  THE CMC R A Y  OR MAY iu3T  HAVE A SATISFACTORY  INERTIAL  REFERENCE TO ACCURATELY  COMPLETE  THE PROGRAM. 
I F   ( D l   I S  TRUE TriE CMC hA.5 A SATISFACTORY  IFiERTIAL REFERENCE TO ACCURATELY  COMPLETE  THE PROGRAM. CASES (B)* (C) 

AND (0) HOWEVER ARE FURTrlER  SUBJECT T 3 T H E  CONSTRAINT OF LARGE  FIIDDLE  GIMBAL  ANGLE, I.E. THE E X I S T I N G   I N E R T I A L  
ORIENTATION MAY CAJSE A YIDOLE  GIMBAL ANGLE  GREATEi? THAI4 45 DEGREES AT THt   THRUSTING  ORIENTATION OF THE CSHI h H I W  15 
UNSATISFACTORY. 

( 3 )  I T   I S  NORMALLY REQUIRED  THAT  THE I S S   B E  ON FOR "PRIOR TO A THRUSTING MANEUVER. 

(4) T H I S  PROGRAM I S  SELECTED BY THE  ASTRONAUT BY DSKY ENTRY  AT LEAST --BEFORE  THE T I M E  OF ILNITXON. 

. .  



PHOG 
COkT 

i:.. 

CNC GR3U*\ID 

cCREM PROG. 
;SELECTION . . ... . 

""""""""" """"""""" 

DO PROGRAM  SELECTION EXTERkAL OELTM V 
CHECK ROUTINE (Roll .................... PROGRAM (P30) . V37E 30E 

"""""""""" 

.................... . 
"""""""""" . . 
"""""""""" 

START  EXTERNAL OELTA 
V PROGRAM (P30) .................... 
DISPLAY  PROGRAM 30 . 
"""""""""" 

. 
"*"""""""" 
SET TRACK FLAG'(SEE 
P20) 
""""""C""" 

"""""""""" 

DO PROGRAM  5ELECTIOk 
CHECK ROUTINE (R01) 
"""-"""I"" 

"""""""""" 

MONITOR DSKY: 

PROGRAM 30 
OBSERVE DISPLAY OF """""""""_ 

. . 
..m....... . . 

""""""""" . 
FLASH VERB-NOUH TO . 
REQUEST RESPONSE AND 
DISPLAY STORED TIG: .................... 
V06 N34 
R1-TIG-HRS . 

HOLD R3-TIG-SEC . 
. ......... R2-TIG-HIN 

. . 

. . 

......... . . . . . """""""""_ . 
MONITOR OSKY: . 
FLASH TO REQUEST . OBSERVE VERB-NOUN 

RESPONSE AND. DISPLAY 
OF STORED TIS. . 
"""""""""" . . 

CHCCKLI ST TIME  TOTAL 
TIME 

*lo 

Y30 



. 
e . . 
a . 
a e 
a . b 

TIG-TIME OF e . 
I G h I T I O h  (GET) a 

I &  HRSr MINr  SEC 
"""""""""" 

AM I SATISFIED N I T H  
TO NEAREST e 0 1  SEC. 0 THIS VALUE? e 

.N 
"""""""""" . """""""""" 

0 . Y. 
e . 0 

""""""" 

0 .  

0 .  

a e RECORD T H I S  * a  

VALUE . .  . .  
0 .  

e .  

. """"""" 

0 . . . 
"""""""""" 0 .  """"""". , e 

WAIT FOR KEYBOARD ~ . ~ . o ~ . - ~ . . . o ~ . ~ . o ~ o  KEY Iiu PROCEED . . 
ENTRY .. V 33 E 0 .  . . """"""- 

0 .  

0 .  
"""""""""" . 

TERMINATE  FLASH UPOirl KEY Iii V25 ANO e 

OR NEW DATA 0 .  TIG. . RECEIPT OF PROCEED .oa..m....m.moo..... LOAD  THE DESIRED s 

"""""""""" . 
P. NEW . . 
R. a DATA e 8 . 
0. . e 
C. 
E. STORE  DATA 
E. . 
C. 

"""""""""" 

eb..e...m . """_ 
""""" . . . 0 . . . ..***....b. 

b 

e . .8.....*2. ...m*.emm . e . 
0 w . . 
e e . b . """""""""" . 

FLASH VERB-MOUN TO . MONITOR DSKY: 
**,**..*** REWEST RESPONSE  AND . ~ . o w . . ~ ~ . ~ ~ ~ . o o e o ~ .  OESERVE VERB-NDtJlU 
HOLD DISPLAY THREE  STORED . FLASH TO REWEST 

e RESPONSE AND DISPLAY 
(LV) : . OF THREE STORED rn 

"""""""""" 

COMPONENTS OF DELTA 

V06N-- . COMPOhENTS OF . 
R1:DELTA VX (LV) . IMPULSIVE DELTA V 
H2:DELTA V Y  (LV) . ALONG  CSM LOC41 . 
R3:DELTA Vi! ( L V )  . VERTICAL AXES AT . 

T I G I  0 . . e 

e . . . . 
e 0 P30/CSM2/278 

8 . . 83 

f 6 O  

*70  

#BO 

Y 9 0  

*loo 



. . . . 
DELTA V X  (LVI: . 
COMPONEtiT OF . 
IMPULSIVE DELTA V AT 
T I G  ALONG (RXV)XRo I N  
FPS TO NEAREST 01 . 
FPS. . . 
DELTA VY (LV): . 
COMPONENT OF . 
IMPULSIVE DELTA V AT 
T I G  ALONG  VXRI I N  FPS 
TO NEAREST 01 FPS. . 
DELTA VZ (LV): . 
COMPONENT OF . 
IMPULSIVE DELTA V AT 
T I G  ALONG -Ro I N  FPS w 
TO NEAREST 01 FPS . 
WHERE R I S  GEOCEN" 

AND V IS CSM INERm- . 
TIAL VELOCITY VECTOR 
VECTOR  AT TIG. . 

. 

. . TRJC RADIUS VECTOR 

""""""""" . . . . 
0 . 

"""""""""" . .. WAIT FOR KEYBOARD 
ENTRY .................... .. . . . . 
TERMINATE FLASd UPON 
RECEIPT OF PROCEED .................... 
OR  NEW DATA .. 

.P .&EM . 

.R .DATA . 

.O . 

.C . . 

.E 

.E STORE  DATA . 

.D 

"""""""""" . 
"""""- . """""_ . . . . . . . . . . . ........... . . . . . . . . . . 

. . . . """""-"""" . . . . . . 
"""""""""" ~- - 
AM I SATISFIED wiITH 
THESE VALUES? . 
.Y . """"""""-" . . . . . . . . . . . . . . . . . . . . . 

. 
W . . . . . . . . . . . . . . . """""""" 

KEY IN PROCEED . 
V33E . 

"""""""". . . . . 
"""""""""" . KEY IFi  V25 AND 
LOAD THE D E S I X D  . 
COMPONENTS OF' . 
DELTA V . """""""""_ - 

lr120 

Y130 

0140 

f150 

Y 1 6 0  



a 
a 
a 
a 
"""""""""" 

BASED Oiu THE  STOZED 
TARGET  PARAMETERS 
COMPUTE NECESSARY 
DEPENDENT VARIABLES 
FOR EVALUATIOIX OF  THE 
TriRUSTliJG MANEUVER 
INCLUDING  PERIGEE 
ALTITUDE9 APOGEE 
ALTITUDE AND DELTA V 
REQUIRED (DEFINED 
BELOW) e 
"""""""""" 

a 
a 
a 

"""""""""" 

PUT  MANEUVER DATA 
ON CMC DOWNLINK TO 

TERMINATION OF THE a 
REMAIN THERE UNTIL . a a a a a a a a  

PROGRAM. a 
a """""""""" 

a 
a 

a 
e 

e a 
"""""""""" e e 

.aaa.aa.a FLASH VERB-HOUN TO a a a e a e a a a a a a . a a a a a a a  
HOLD a REQUEST  RESPONSE  AND a 

DISPLAY CALCULATED 
THRUSTING PARAMETERS: am 

V06 h45 e a  

e a  
a m  

R1-APOGEE ALT a m  
R2-PERIGEE A L T  m e  
R3-DELTA V a m  

m e  
a m  
a m  
a. 
a m  
a+ 
a m  
m e  

PERIGEE  ALT - A L T I T M E  me 
OF PERIGEE ABOLE e a  

I N  NAUTiCAL 
e a  
m e  

MILES TO e. 
NEAREST a 1  W a  a m  

APOGEE  A,LT - ALTITUDE 
OF APOGEE  ABOVE 

I N  NAUTICAL 
MILES TO 

LAUflCH PAD RADIUS. 

NEAREST a 1  N M e  

LAUNCH  PAD HADIUSe 

"""""""""" 

MONl TOR DSKY Z 
OBSERVE  VERB-NOdN 
FLASH TO REQJEST 
RESPONSE  AND DISPLAY 
OF CALCULATED 
THRUSTING PARAMETERS 
"""""""""" 

a 
a 
a 
a 
e 
e 
a 
a 
e 
a 
e 
e 
a 
a 
a 

DELTA V - MAGhITUDE 
OF IMPULSIVE OELTA 'V 

VECTOR  AT T I 6 9  1% FP5 
TO NEAREST a 1  FPS 

a m  
e a  
a m  
a m  
m e  """"""""""_ .. 

a a m  
a e a  

a m m e e m  a 
a a a 
"""""""""" 

a IS A GROUkD STATION 
AVAILABLE F3R C3h: 

a FIRMATION OF THESE 
a PARAMETERS? 
a 

Y170 

Y180 

Y190 

#200 

Y2 10 



. . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . \ .  . . . 
0 . . . . . . . . . . . . . . . . . . 

~~ ~~ 

0 .  .. . P30/CSM2/278 I 
.m . .. . .. . """""""""" .. . Y. . i.i .. 0 .  .. 0 .  .. 0 .  

. m  """""""_ """"""" 

0 .  

MONITOR CMC 
DOWNLINK TELE- EVALUATION OF 
METRY OF,APOGEE THE CMC COMPUI 
ALTr PER'IGEE ALTO TED  PARAMETERS 
AND DELTA V RE- 0 0  WITH THE 
WIRED. COORDI-.....  GROUND 
NATE EVALUATION 0 .  -------------- 

m...mCOORDINATE 

. . . . . . . . . . . 
OF CMC COMPUTED 
PARAMETERS WITH e 
ASTRONAUT """""""_ m .  

0 .  

m .  
0 .  

0 .  

o m  

0 .  

m .  
o m  
0 .  

o m  
o m  
m .  
0 .  

0 .  

0 .  

0 .  

0 .  

e m  
0 .  

0 .  

m .  
0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

o m  
0 .  

0 .  

0 .  

e m  
0 .  

* .  
0 .  

0 .  

o m  
m m  

. . . 
"""""""" 

SELECT OFiE OF THE 
FOLLOWING FJVE 
ALTERNATIVES: 

(1) I F  THE CALCU- 
LATED DATA IS 
SATISFACTORY9 
PERFORM THE THRU- 
STING MANEWER 
USING THE CMC. 
CALCULATED PARA- 
METERS WITHDilT 
GROUND CONFIRMA- 
TION. 
t 2 )  I F  THE CALCU- 
LATED DATA IS NOT 
SATISFACT3RY AD- 
JUST  THE CaLCULA- 
TED  PARAMETERS BY 
RESELECTING P 30 
AS  NECESSARY  AND 
CHANGING TilE 
LOADED A I M  PARA- 
METERS UNTIL CMC 
COMPUTED  PARAMET- 
ERS ARE SATISFAC- 
TORY. THEN 
PERFORM THE THRU- 
STING MANEWER. 
( 3 )  REMAIN  AT- 
THIS POINT I N  THE 
CMC PROGRAM UNTIL 
GROUND CO-ORDINA- 
TION I S  AVAILABLE 
( 4 )  SELECT A lvEW 
PROGRAM AS DE- 
SIRED  UNTIL 

d220  

Y230 

Y240 

Y250 

Y260 

t270 



c 

. . . . . . . . . . . . . . . . . . . . . . . . 
s . . . . 
. . . . . . 
1 . . . . . . . . . . . . . . . . 
a 

. .  
e .  . .  . .  . .  

GROUND CO-ORDINA- 
TION IS AVAILABLE 
THEN RESELECT 
P 309  LEAVE A I M  
PARAMETERS 
UNCHANGED ETC. 
( 5 )  SELECT A NEW 
PROGRAN  AS DE-- 

* * SIRED AND PERFORM 
THRUSTING MANELi- 
VER USING BACKUP 
PROCEDURE. . . .3  
""""""""- 

2.1. 
4. s 
5. 

....... . .. .. . 
""""""". . . .. . .  .. .. ARE THESE 
PARAMETERS 
SATISFACTORY 

CMC FOR THE 
Ti-IRUSTIhG 
MANEUVER? s .  

N, Y. . . 
FOR USE BY TrlE 

. s  

""""""" 

.. .. . s .  . . e .  . ...s... . .. 
SELECT ONE 3F 
"""""""". 

THE FOLLOdING 
FOUR ALTERNA-. 

. . . .  .. 
e .  

TIVES: 

(1)  ADJUST TdE 
CALCULATED PARA-, 
METERS BY RESEL-, 
ECTING P 30 AS 
NECESSARY AND 

LOADED A I M  PAi?A- 
METERS UNTIL  CYC 

CHANGING THE .. 
.. .. .. 
* a  .. 
0 .  

m .  .. 
. s  .. .. .. .. . .  

Y280 

# 2 9 0  

i f 3 0 0  

#310 

Y320 



. . . . 
0 .  

0 .  

0 .  

0 .  . COMPUTED PARA- . METERS  ARE 0 .  

0 SAT ISFACTORY 0 .  . ( 2 )  OBTAIN NEW . A I M  PARAMETERS . FROM THE GROUND . BY VOICE LINK9 . RESELECT P 309 . KkY I N  NEW DATA9 . ETCo 0 .  . (3) SELECT THE . CMC UPDATE 0 .  . PROGRAM (P27) 
0 LOAD NEW A I M  0 .  

0 PARAMETERS  FRDM. . THE  GROUND V I  A . THE CMC UPLINK9 
0 OR BY  CREW 0 .  

0 DSKY INPUT, 0 .  . O0SERVE NEW A I M  . PARAMETERSIETC. 
0 (4) TERMINATE . P 30 BY SELECT-, 
0 ING A NEW PRO-. . GRAM AS DESIRED . AND  PERFORM  THR- 
0 USTING MAkEUVER. . USING BACKUP 0 .  . PROCEDURES. 0 .  

0 1. 0 .  . 2. 0 .  

0 3. 0 .  

0 4. ........... 
. """""""". 0 .  

. . 0 . . 0 . 0 . 
"""""""""" """""""". . 

. . . 
WAIT FOR KEYBOARD 0 KEY IN PROGRAM . 
ENTRY .................... SELECTION .. . . DESIRED 0 

V37E--E . 
"""""""" . . . . . 0. ... 0 . . 

EXIT P30 . . . 
0 . . . 
0 . . 
0 

0 

0 

1330 

#340 

#360 

X370 



e 
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"""""""""" 

..ee*.e..e~.ee.eee.. KEY I N  PROCEED 
V 33 E 

"""""""""" 

TERMINATE  FLASH JPOi\i 
RECEIPT OF PROCE€D 
OR NEW PROGHAM. 
"""""""""" 

P e  NEW 
8 .  e PROG2AM 
0. e 
Ce 
E m  
Em GO TO PROGRAH 
0. SELECTED. 

""""""_ 
e 

e 
.em 

""""""_ 
e e 

E X I T  P 30 

e 

"""""""""" 

e FLASH VERB-hOUN 
"""""""""" 

,, MONITOR D5KY: 

HOLD AND DISPLAY 111: 
**.e***e* TO REQUEST RESPONSE ~ ~ . ~ e ~ ~ ~ ~ e ~ ~ e e ~ ~ ~ e e ~  OBSERVE  VERB-NOUN 

VO6 N35 
R l - T T I  - HRS 
R2-TTI - M I N  
R3-TTI - SEC 

e FLASH TO REQUEST 
RESPONSE AND DISPLAY 
OF T T I e  
"""""""""" 

0 

T T I  - TIME TO GO TO 
TIGe I h  hRS* MIlvr 
SEC TO NEAREST 
e 0 1  SECe 

"""""""""" 

e 
e 
e 
e 
e 

e 
e 
e 
e 

e 
e 
e 

"""""""""" 

e 
"""""""""" 

SET LEE CLOCL (AND 
MDC  CLOCK IF DE-. 
SIRED) TO TTIm 
"""""""""" 

e 
e 

"""""""""" 

NU€ THIS PROGRAM  AT 
DO I # ISH TO CONTI- 

T H I S  TIME I N  PREPAR- 
ATION FOR MANEUVER 
"""""""""" 

e Y  .h 
e 
e e 
e 
e e 

"""""""". 
KEY Iiu PROCEED 

e V33E 

1 3 8 0  

S390 

1400 

e """""""" 

e 
e 

e 
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a 
TERMINATE FLASH LlPOiq """""""""" 

RECEIPT OF PROCEED a SELECT DESIRED 
OR NEW PROGRAY a a a a a a a a w a o a a a a a ~ a a a  PROCRAM 

a KEY I N  
V37E --E 

a 

"""""""""- 
a P  *NEN 
wR aPROG 
a 0  a 
a C  
aE 
aE GO TO  PROGRAM 
wD SELECTED 
a 

""""""_ 
"""""_ 

a 
a 
0 

a 
a 
a a 
W 

a 
a 

a 
a 
a 
a 

orno 

0 

a 
a 
W a 
W EXIT P30 
W 

0 
""""""""" 

DO IMU STATUS CtiECK 
ROUTINE (R02) """"""""_ 

W 

a 
a """""""_ 

COMPUTE IMU  GIMBAL 
ANGLES  a'T IGNITIJM 
FOR  THRUST  ALONG 
CSM +X AXIS 
"""""""""" 

a 
a 

"""""""""" 

a FLASH VERB-NOUN TO 
a a a a a a a a a  REQUEST  RESPONSE AND 
HOLD a DISPLAY MANEUVER 

DATA : 
V06 N-- 
R 1-BLANK 
R2-TTI 
R3-MGA 

""""""""" 

a 
a 
a 
a 
a 
a 
a 
a 

""""" 

GO TO PROGRAM 
SELECTED 
"""" 

W 

a 
a w e  

W 

EXIT  P30 

""""""U" 

a DO IMU STATUS CHECK 
a a a ~ a a a w a a w o a a a a a ~ a ~  ROUTINE (R02) 

a L""""""""" 

"""""""""" 

a MONITOR DSKY: 
~ ~ a ~ a a a a ~ a a a a a a a o a a a  OBSERVE VERB-k3tJh 

a FLASH TO REQUEST 
RESPOME AND DISPLAY 
OF MANEUVER  DATA 
"""""""""" 

a 
a 
8 

a 
a 
a 
a 
8 

a 
a 

+450 

L460 

Y470 

+400 

A 



NOTE: R 1  WOULD NOR- 
MALLY  CONTAIN N (THE 
NUMBER OF MARKS 
SINCE THE LAST 

HOWEVER I T  IS 
ASSUMED RENDEZVOilS 
TRACKING DATA IS NOT 
BEING  TAKEN IN THIS 

THRUSTING  MANEUVER) a 

PROGRAM. 

TTI- TIME TO GO TO 
TfGa IN MIN AND SEC 
TO kEAREST SEC. 
MAXIMUM READING IS 
59 59 

MGA :MI DDLE  GIMBAL 
AFtGLE AT TIG IF 
+x CSM AXIS IS 
ALIGNED  WITH INITIAL 

DEGREES TO NEAREST 
THRUST DIRECTION, IN 

a 0 1  DEGREE 
"""""""""" 

a 

a 
"""""""""" 

dAIT FOR KEYBOARD a a a a a o a * a a a a a a a a a ~ a ~  
ENTRY a 

TERMINATE FLASH UPON 
RECEIPT OF PROCEED 
"""""""i"", 

a 

a -"""""""""- 
SET EXTERNAL DELTA V 
STEERING FLAG FOR 
USE BY THRUSTING 
PROGRAM 
"""""""""" 

a 
a 
a 
a 

a 
a 
a 
a . 
a . 
a 
a 
a 

a 
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a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
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a 
a 
a 
a . 
a . 
a 

a 
a 
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KEY IN PROCEED 
V33E 

"""""""""" 

0 
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a 
a 
a 
a 
0 
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a . 
a 
* . 
a 
a . 
a 
a 
a 

a . 
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FLASH VERB-NOUN TO 
-. REQUEST PLEASE PER- 

t>:; HOLD NEW  PROGRAM: -+ V50N07 

:->. -. 
....m.... FORM SELECTION OF 

R1-BLANK 
R2-BLANK 
R3-BLANK 

"""""""""" . . . . . . . . . . . . . . . . . . . . . . . . . """""""""_ e ,  

WAIT  FOR'  KEYBOARD 
ENTRY 

. . ""-"""""""" 
MONITOR DSKY: . OBSERVE  VEaa-NOUN ......................... 10 ....... . PLEASE PERFORY S E b  
ECT,ION OF NEd 
PROGRAM. 
""""""""- . . . . 

.. 
"""""" """""""""" 

I F  TIME Ai30 
LOCATION . 
PERMIT ......... 
ASSIST . 
ASTRONAUT' I N  
SELECTION OF 
PROPULSI.3N 
SYSTEM. 4T 
THIS  TIME- ........ 
OR. EARLIER 
IF POSSIBLE 
THE  ASTRONAUT 

COkSIDERING VALUE of 
DELTA V 9  FUEL: 
AVAILABLE9 STATUS  OF 
PROPULSION HARDrlARE9 
AND TIME AVAILABLE 
TO RE-ALIGN THE IMU 
TO AVOID GIMBAL LOCK 
SELECT A. PROPULSION ' 
SYSTEM TO PERFORM 
THE MANEUVER. COW 
ORDINATE WITH:  GROUND 
I F  REQUIRED. 

MUST LEARN 
OF THE .SPS  .RCS 
SYSTEM  USED . . 
I N  MCC C D "  . . 
PUTATIONS . . 
OF DATA  LOAD . . 

"""""""""" 

""""" . . . . . . . . """"_ 
KEY I N  

0 REQUEST .................... FOR SPS . . THRUSTING 
PROGRAM 
(P401 . . 
V37E40E 
"""" . . . . . . """"_ 
GO TO 0 

PROGRAM 
SELECTED """"_ . 0 . . . a . . . . . . . . . a 

+530 

1540 

f 5 5 0  

Y560 

1570 

YfiSO 



TERMINATE FLASH UPON a 
RECEIPT OF REQUEST a a a a a a a m a a a o ~ a a a a a a a  
FOR NEW PROGRAM, 
"""""""""" 
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a 
a 
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"""""""""" 

GO TO PROGRAM 
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"""""""""" 
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E X I T  P30 
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ING PROGRAM 
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GO TO PROGRAM 
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AP3LLO 'COMPUTER LOG1 C  CHECKLIST  INTERFACE 

TRAhSFER PHASE I N I T I A T I O N   ( T P I )  PR35RAM (P34)  REV 12 1 0 / 3 1 / 6 6  

PURPOSE: (1) TO CALCJLATE THE REWIRED DELTA V AND  OTHER I N I T I A L  CONDITIONS  REQUIRED BY THE CMC FOR  CSM EXECOTION OF THE  TRANS- 
FER PHASE I i l I T I A T I 3 N  MANELIVER. GIVEN: 

( A )  TIME OF I G N I T I O l u   T I G   ( T P I )  OR THE ELEVATION ANGLE (E) OF THE CSM/LM  LO5 AT T I G ( T P 1 )  

( 8 )  TRANSFER DURATION  (DELTA  T  TRANS) FROM T I G ( T P I 1  TO INTERCEPT  TIME. 

( 2 )  ?O CALCJLATE  TIG  (TPI)   GIVEN E OR E GIVEN  T IG   (TP I ) .  

( 3 )  TO CALCULATE  THESE PARAMETERS BASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE CMC BY THE ASTRONAUT. 

(4) TO DISPLAY  T3 THE ASTRONAUT AND THE  GROUND CERTAIN DEPENDENT VARIABLES  ASSOCIATED  WITH THE MANEUVER  FOR 
APPROVAL BY THE ASTRONAUT/GROUND. 

( 5 )  TO STORE THE T P I  TARGET PARAMETERS FOR USE BY THE DESIRED  THRUSTING PROGRAM. 

16) TO  GOVERN THE  USE OF TAE SXT TO 3BTAIN RENDEZVOUS NAVIGATION DATA  DURING T H I S  PROGRAM. 

(7)  THIS PROGRAM I S  DESIGbED FOR ONE-MAN OPERATION. 

ASSUMPTIOhS: (1) STATE VECTO2 UPDATES BY P27 ARE DISALLOWED DUR,IhiG STATE VECTOR UPDATING I N I T I A T E D  BY P20 (SEE  ASSUMPTION ( 4 ) ) .  

( 2 )  THE  PROGRAPl  MUST BE DONE  OVER A T2ACKING  STATION FOR REAL  TIME GROUND P A R T I C I P A T I O N   I N  CMC DATA INPUT AND OUTPUT. 
CMC COMPUTED VARIAaLES MAY dE STORED FOR LATER  VERIFICATION BY THE GROUND. THESE STORAGE C A P A B I L I T I E S  ARE L I M I T E D  OhlLY 
TO  THE PARAMETERS FOR  ONE THRUSTIhG M4NUEVER  AT A TIME EXCEPT FOR CONCENTRIC FLIGHT  PLAN MANUEVER SEQUEhCES. 

( 3 )  THIS PROGRAM Y A Y  BE PEZFORrUIED CONCURRENTLY H;ITd THE RENDEZVOUS NAVIGATION PROGRAM (P20)  TO UPDATE THE LM OR CSM 
STATE VECTORS WITH  OPTICAL  TRACKING 3F THE LM. T H I S  PROGRAM  MAY ALSO BE PERFORMED INDEPENDANTLY OF P20. IF OPTICAL 
TRACKIlvG IS DESIRED THE 3PTICS SHOULD BE LOCKEO ON THE LPI BY PREVIOUS  SELECTION OF P20. THE RENDEZVOUS TRACKING MARK 
COUNTER IS ZEROED a y  THE SELECTION OF PZO AND AFTEA EACH THRUSTING MANEUVER. 

I F   P 2 0  IS I N  EFFECT-  OPTICAL  TRACKING HARKS M A Y  BE MADE BY SELECTION OF THE RENDEZVOUS TRACKING  DATA PRO- 
CESSING  ROUTINE  (R22). R22 IS SELECTE3 BY V--E kH1Ct1 MAY BE ENTERED WHENEVER THE CMC I S  HOLDING FOR A V/N  FLASHlNG 
DATA' DISPLAY (NOTE: FOR S I M P L I C I T Y   I T   I S  ONLY SHOWN  BELOW  AT THE VO6N"DISPLAY.) R22 RETURNS TO THIS PROGRAM  AT THE 
INTERRUPTED  DISPLAY. 

(4) THE 155 YAY aE IN STANDBY OR OPERATE. THE GNCS START UP PROGRAM (PO51 AEtD THE IMU  ORIENTATION  DETERMINATION 
PROGRAM (P51)  dOclLO NOREALLY BE COMPLETED BEFORE TdE  SELECTION OF THIS  PROGRAM UNLESS THIS  PROGRAM IS SELECTED OhLY 
FOR CATA LOADING AND THRUSTING PARAMETER COMPUTATIBN. TIME AND RCS FUEL MAY BE SAVED AND SUBSEQUEhlT IMU ALIGNMENT 
DECISIONS GREATLY S I M P L I F I E D   I F  P51 15 PERFORMED IN S K h  A WAY  AS TO LEAVE  THE  IMU  INERTIALLY  STABILIZED AT A h  
ORIELTATION CLOSE T3 THE PREFERRED ORIENTATION. THIS  PROGRAM GENERATES THE HANEUVER I N I T I A L  CONDITIONS FROM WhICH 
THE PREFERRED IMU.3RIENTATION CAN BE  DETERMINED I N  PROGRAM 409  OR.41. 
THE I S 5  THUS MAY BE: 

( A )  OFF (STANDBY). 

(B) OPir AND hOT  ALIGNED  SINCE TURN ON 

( C )  ON  AND AT AN INERTIAL  ORJENTATION KNDWh. ONLY INACCURATELY BY THE CMCI  I.E. HAVING BEEN ALIGFvEO AT 
LEAST ONCE SINCE TURN ON B i U  BOT k I T H I N  TdE LAST --HRS 



PHOG 
CONT 

( i l l  ON AND AT AN I N E R T I A L   3 3 I L N T A T I O N  KNBwFi ACCURATELY  BY  THE CMCI 1.E. HAVE  BEEN  ALIGNED  WITHIN 
THE  LAST --HRS 

I F  ( A )  I S  TRUE PROGRAM 05 SELECTION nILL BE  REQUESlED  BY  THIS PROGRAM. 
I F  (6) IS TRUE PROGRAM 5 1  SELECTION dILL BE  REPUESTED  BY  THIS PROGRAM. 
IF (C) IS TRUE  THE CMC MAY OR MAY NOT HAVE A SATISFACTORY  REFERENCE TO ACCURATELY  COMPLETE  THE PROGRAM. 
IF (D) IS TRUE THE CMC HAS A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM. CASES (c) 

AND ( D l  HOWEVER ARE FURTHER  SUBJECT T 3  THE  CONSTRAINT OF LARGE  HIDDLE  GIMBAL ANGLE, 1.E. T H E   E X I S T I N G   I N E R T I A L  
O R I E k T A T I O N  MAY CAUSE  A N IDDLE  G IMBAL ANGLE GREATE2.Tt lkN 45 DEGREES  AT  THt:  THRUSTING  ORIENTATION  OF  THE  CsMv 
WHICH IS UNSATISFACTORY. 

15) THE  OPERATION  OF  THE PROGRAM U T I L I Z E S  THE  FOLLOWIhG  FLAGS: 

ACTIVE  VEHICLE  FLAG - DESIGNATES  THE  VEHICLE WHICH IS DOING  RENDEZVOUS  THRUSTING  MANEUVERS TO THE PROGRAM 
kHICH  CALCULATES THE MANEUVER PARAMETERSOSET AT  THE  START  OF  EACH  RENDEZVOUS  PRE-THRUSTING PROGRAM. 

F I N A L  COMPUTATION  FLAG  "SELECTS  FINAL PROGRAM DISPLAYS  AFTER CREW HAS  SELECTED THE F I N A L  MANEUVER 
COMPUTATION  CYCLE. 

RENDEZVOUS INTERCEPT  STEERING  FLAG - DESIGNATES  THE  TYPE  OF  STEERING  REQUIRED FOR EXECUTION  OF  THIS  MANEUVER 
BY  THE  THRUSTING PROGRAM SELECTED  AFTER  COMPLETION  OF  THIS PROGRAM. 

(61 I N  THE CREM LOGIC BELOW ASSOCIATED  WITH  THE  FINAL  ACCEPTANCE  OF  THE CMC COMPUTED  PARAMETERSITHE FOLLOMING 
PERFORMANCE TIMES ARE  ASSUMED: 

(A)   PARTIAL  DATA  LOAD - 1 M I N  

(8)  CSM MANEUVER COMPUTATION I- SIGNIFICANTLY  LESS  THAN 1 M I N i   D I S R E G A R D  

(C)  MANEUVER  PARAMETER D I S P L A Y  AND CREW EVALUATION - 1 M I N  

(Dl  PROPULSION  SYSTEM AND THRUSTING PROGRAM I D E N T I F I C A T I O N  - 1 M I N  

( E l  THRJSTING PROGRAM SELECTION AND COUNT OOWN TO T I G C T P I I  - 5 M I N  (ASSUMES IMU  ALIGNMENT I S  SATISFACTORY) 

( 7 )  I T   I S  NORMALLY REQUIRED  THAT  THE  IS$  BE ON FOR 1 HOUR PRIOR TO A THRUSTING MANEUVER. 

( 8 )  THIS PROGRAM IS. SELECTED  BY  THE  ASTRONAUT BY DSCY ElrTRY AT LEAST -- M I N  BEFORE THE ESTIMATED  TIME  OF  THE  IGNITION. 

CMC GR3UND CREW CHECKLIST T IME  TOTAL 
TIME 



"""""""""" 

DO PROGiiAk SELECTION m m m * m m . m m m m . m m m m m m m m  KEY I &  TRANSFER 
CHECK ROUTINE (R01) PHASE  INTIATION 

"""""""""" 

....*.*...**.******* 
"""""""""" . 
"""""""""" 

START TiiANSkER PHASE 
INITIATION PROGRAM m m . m . . * m m m m m m . m ~ m m . .  

1P34) 
DISPLAY  PROGRAM 34 

. 
"""""""""" . 
"""""""""" 

SET ACTIVE  VEHICLE 
FLAG TO CSM 

~~ _ ~ _ " "  

"""""""""" 

. 
"""""""""" 

RESET  FIhAL  COMPUTA- 
TION  FLAG 
""""""""" 

. 
"""""""""" 

SET TRACK FLAG 
(SEE P Z O )  
"""""""""" . 
"""""""""" 

SET UPDATE FLAG 
(SEE P20) 
"""""""""" . 

0 .  

e m m a m m m m m m m m . m  

0 .  . 
* *  
* .  
* .  . *  
* *  
* *  
* *  

PROGRAM (P34) 
V37E 34E 

"""""""""" 

YZO """""""""- 
DO PROGRAM  SELECTION 
CHECK ROUTINE (R01) 
"""""""""" 

"""""""""" 

MGNITGR DSKY: 

PROGRAM 34 

~ 

OBSERVE  DISPLAY tF 
"""""""""" 

Y 3 0  

640 

#50 

t 6 0  
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0 .  . . . . . . . . . . """""""""" 

CHECK DATA LOAD . 
OPTION CODE 

.00001 .00002 . 
oTIG1TPI) .E . """""""""" . 

. . . . . . . . . . 

. . . . . . . . ... . 0 . .  

. . . . . ... 
0 . .  . """""""""_ 

FLASH VERB-NOUN TO . 
REQUEST RESPONSE  AND 0 .  

DISPLAY STORED TIG .........m.e.....m.. 
(TPI)  CALCULATED 

POSS FROM PREVIOUS 
0 . .  0 .  . . . . . . . . . . . . . . . 

a . . . . 

. . . 
"""""""""" 

DID I SPECIFY  TIG 
(TPI) OR E T3,  THE 
CMC? 

oTIC(TP1) rE 
"""""""""" . . . . ........... . . . ......... . . . 0 .  . 0 .  . . e .  . . 0 .  

0 .  """""""""" 

MONITOR DSKY: 0 .  

FLASH TO REQUEST 
OBSERVE VERB-NDUN 

RESPONSE AND DISPLAY 
0 .  

OF STORED TIG (TPI I 
CALCULATED FROM 
PREVIOUS PROGRAMS 
"""""""""" . . . 
"""""""""" 

Ah I SATISFIEO WITH 
THESE VALUE5? 
"""""""""" 

Y. .N . . . . """""""_ 
RECORD THI S . 
VALUE . 
""""""" . . . e . . 

y130 

X 1 4 0  

f 1 5 0  

y160 



w 

POSS . ......... 
H ~ L D  . 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
OR  NEW OATA 
"""""""""" 

P. 
R. 
0. 
C. 
E. 
E. 
0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. NEW . DATA . 
""""" 

STORE DATA 
C"""" . . 

... ... ... ... ... 
.. .. .. . . .  . m .  . . .  .. . . .  

"""""""""" 
~. .... KEY Ilu V25 AND 0 .  .................... LOAD THE DESIRED T I G  .. .... ... ... ... ... ... ... ... ... ... ......... .. .. ........... . . ........... .. 0 .  ......... . . . . . .  . . . . . .  . . . . . .  

"""""""""" . a -0 . .. ........... . . . . . . . . . . . . . ........... . . ........ . . . . . .  ....... .. . . . . . . .  . . . .  .. . . . . . . .  . . . .  .. . 
"""""""""" """""""" ... 

FLASH VERB-NOUN MONITOR OSKY: . 
TO REQUEST RES- OBSERVE VERB-NOUN 
PONSE  AND DISPLAY. FLASH TO REQUEST . 
STORED E. ... RESPONSE AND DISPLAY 

V06 N-- ..................... . 
Rl-BLANK 
RZ-E 
R3wBLANK 

OF STORED E* ... """"""""" ... . . ...  ... . ... ... . 
E-ELEVATION ANGLE. ... . . 
THE ANGLE BE-- ... ... . . 
TWEEEi THE CSM/LM ... . . 
LOS AND THE LOCAL. ... . . 
CSM HORIZONTAL ... . . 
AT T IG(TP1)  MEA- ... . 
SURED FROM THE 

. e .  

* 
0 . .  . . 

DIRECTION OF ... ... . . 
FLIGHT. I b  DE- ... . . 
CREES TO NEAREST ... . . 
001 DEGREE. ... ... . . 
"""""""" 0 . .  . . . ... ... . . . 0 . .  ... . . . -  ... . m .  . . . ... ... . . . ... ... . . . ... ... . . . 0 . .  ... . . . ... . e .  e . . 0 . .  ... . . ... ... . . ... ... . . . . . a  . . .  . 

*200 

c220 



. . . a  
. a .  

. . a  . a .  . . . . a  . . a  

. . a  . . a  a 

a . a .  """""""""" 

. . a  AM I S A T I S F I E D   N I T H  

. . a  a T H I S  VALUE? . . . a  . . a  a Y  .fu . . . a  """""""""" 

. . a  m a .  a .  . a . . a  0 . .  . a .  . . . a  -I"""""-" 

. . a  RECORD THIS a .  

. . a  a VALUE 0 .  

. . a  """""""_ 
* * *  * . a  a .  
. a .  0 . .  . a .  . . . a  . . a  . a .  

"""""""" """""""" . WAIT FOR KEY- ... KEY IiV PROCEEU 
BOARD ENTRY ...................................... 

a * .  . a .  . a .  
. . a  . . a  0 .  

. a .  . . a  a m  
TERMINATE  FLASH . UPON RECEIPT OF ....................... KEY I N   V 2 2  
PROCEED OR NErl AND LOAD THE 
DATA . . a  a a a DESIRED E I N ,  RZ 

~""""""""- 
"""""""" * """""""" 

a a P  *NEW . a .  . . a  . 
OR *DATA . . a  . . a  
.O . . a  0 . .  ......... . .C a ... .E ---------- . . a  

.E STORE DATA 
a * .  . . a  . . . . .  . .D ---------- . . a  a . a . a .  . . a  . . . a  . a .  .......... . . . .  . a .  . . a  . . a .  a * .  

0 . .  

. . a  

. . a  

. . a  

a .  . . a  

- a  . a .  . 
""L""""" 

DOES A T I G  * a  

EX IST  FOR THE 
ELEVATION ANGLE 
(E)? 

.Y .N a .  . . a  

a .  

"""""""" 

a .  . a  . . a  
a .  a .  0 0 .  

a .  . a .  . a .  
a .  a .  a * .  
a .  a .  a , .  . 
a .  * 0 .  . . . .  
a .  . a .   . . a  
m a  a .  b.. 

0 .  . a *  . . a  . 
a .  a a .  . . a  . 

l a .  a .  . a .  

a .  a .  . . a  
a .  . b .  . . a  
a .  a .  a * *  
a .  a .  . . a  . P34/CSMZ/278 
* a  -. a .   . . a  
a .  . a .  * * a  . /br 
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0 .  . . *  . . . .  
0 .  . .. . . . .  
0 .  . 0 .  . . . .  

POSS . "C""""" 0 .  """""""""" ........... FLASH VERB- .. MONITOR  DSKY: 
HOLD NOUN  TO RE-. 0 .  IS THERE AN ALAR& I . .  QUEST  RESPONSE .................... CODE DISPLAY 

AND DISPLAY 0 .  INDICATING COMPUTA- 
ALARM  CODE: 0 .  TIONAL  DIFFICULTY 

V05N31 . -. """""""""" 

R1- 0 .  0 . .  .Y ON 
RZ- 
R3- 0 .  ... . . I 

0 .  ... . . 
""""""" 0 . .  . . 

0 .  . 0 .   0 . .  . . 
0 .  . 0 .  . e .  . . 
0 .  . 0 .  0 . .  . 
0 .  . .. 0 . .  . . 

"""""" """""""" 

M I T  FOR KEY- RETURN TO 015- . . .  WARD ENTRY. .................... PLAY OF STORED . 
0 .  0 .  E AND  ADJUST . 
0 .  INPUT PARAMET-. 

TERMINATE 0 .  ER. KEY I N  . 
FLASH UPON R E -  RECYCLE . 
CEIPT OF  RE- .. V32E . 
CYCLE. 0 .  """""""" 

0 .  .R 0 .   * D O  . . 
0 .  .E 0 .  ... . . 
0 .  .C 0 .  0 . .  . . 
0 .  .Y .. 0 . .  . . 
0 .  .E 0 .  ... . . 
0 .  .L .. 0 . .  . . 
0 .  .E .. ... . . 

0 .  

! 

0 .  

""""""" .. 0 . .  . 
1 

0 .  ............... ... . . 
0 .  . ............. . 
0 .  .......... 0 .  ..... 
0 .  .' . 0 .  .. . 
0 .  . .. .. ...... 
0 .  . 0 .  .. 0 . .  

0 .  . 0 .  ......... 0 . 0  

8 .  . .. . . . . .  
"""""""""" """""""""" e .  . 

FLASH VERB-NOUN TO .. . MOkITOR D5KY: . 
REQUEST  RESPONSE  AND . . 
DISPLAY STORED 

OBSERVE  VERB-NOUN .................... FLASH TO REQJEST . ......... DELTA T TRANS: RESPONSE  AND DISPLAY 
HOLD V06 N-- 0 .  . OF STORED DELTA T 

HRS .. . 
MINS 
R3-DELTA T TRANS- .. . . . 
SECS 0 .  . ."""""""""" 

0 .  . AM I SATISFIES  d ITH 
DELTA T TRANS - TIME . . 

.. 
R1-  DELTA T TRANS- . TRANS . 
R2-DELTA T TRANS-. 

"""""""""" 

0 . . .. . . . .. 

REQUIRED FOR 
THIS VALUE? .. . """""""""" .. . . 0 .  

0 .  . . 0 .  

0 .  . . 0 .  P34/CSM2/278 
0 .  . 0 0 .  
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TRANSFER  FROM 
TIG(TP1) TO TIME OF 
INTERCEPT. I N  HRSI 
MINSI SEC TO NEAREST 
001 SEC. 
"""""""""" 

e 

"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH 
UPON RECEIPT OF 
PROCEED OR NEW DATA 

.P .NEW 

.R .DATA 
e o  
.C 
.E 
e E  
.D 

"""""""""" 

""""" 

STORE  DATA 
""""" 

e 

e 

e 

e 

e 

e 

rn 
e 
e 
e 
e Y  

"""""""_ 
RECORC THIS 
VALUE """""""_ 

e 
e 

""""""" 

0 

...**e 
e 
e 

KEY I N  V25 
AND LOAD THE e 
DESIRED DELTA T . 
""""""""_ 
TRANS. """"""""_ 

e 
*...e...**. 

e 

e 
e 
e 
e 

e 
e 
e 

e 

e 
e 
e 

e m  
* e  

BASED ON THE  STORED 
TARGET  PARAMETERS 
COMPUTE  THE  TRANSFER 
TRAJECTORY* I N I T I A L  
CONDITIONS AND THE 
NECESSARY  DEPENDENT 
VARIABLES FOR EVAL- 
UATION OF THE 
TRANSFER PHASE 
I N I T i A T I O N  MANEUVER 
AS DESCRXBED IN 

"""""""""" 

SECTION 5.3 O F .  
R547 VOL I .  
ESTABLISH ALARM IF: 

e 

e 

e 

e 
e 
e 

e 
e 
e 

e 
e 
0 

e 
s 

e 
e 

0 

e 

e 

e 

e 

e 
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/ o f  . . . . . . . . . . . . . . . . . . . . . . . 

a . . . 
POSS .. 
HaLD 0. 

......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

( A )  A T I G  DOES  NOT 
EXIST FOR  THE RE- 
QUIRED ELEVATION 
ANGLE I N  THE 00002 
OPTION CASE 

(6) FOR  THE SPECI- 
FIED  ORBITAL PARA- 
METERS AT T I G t T P I )  
THE -SPECIFIED DEL- 
TA T TRANS RESULTS 
I N  HYPERBOLIC C5M 
VECOCI TY 
"""""""" 

.NO . -  .ALAR~ 

.ALARM . . . . . . . 
e . . . . . . 

. . . 
""""""c- 

FLASH VERB-- 
NOUN  TO  RE-- 
QUEST  RESPONSE 
AND DISPLAY 
ALARM CODE: 

V05N31 

. . . . . . 
e . . . . . . . . . . . . 

. 
e 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 0 . . . . . . . 0 .  .................... . 0 .  . e . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
.......... . . . . . . . . . . 

"""""""""" - ~ . . . . .  
MONITOR  DSKY: . 
CODE DISPLAY . I S  THERE AN ALARM 

INDICATING COMPUTA- 
TIONAL  DIFFICULTY 
"""3°C""""" 

R l -  . . .Y . R2- . . . 
R3- . . . 
""""I" . . . . . . . . . . . . . . . . . . . . . . . 
"""-uc" . 0 

WAIT FOR KEY" . RETURN TO  STACZT ......................................... . .. . AND  ADJUST IN--  . . . PUT  PARAMETERS. 
TERMINATE . . KEY I N  RECYCLE 
FLASH UPON RE- . . V32E 
CEIPT OF RE-, . . 
CYCLE. . .fi . . . . .E . . . . .C . . . . .Y . ............... . .C . . .L . . .E . 

"""""""_ 

"""""""_ . . . . . . """"""" 

. ................ . . . . . 

.N . . . . . . . . . . . . . . . . . . . . . . . 
e . . . . . . 

. . . 
* . . . . . . . . . . . . . . . . . . . . . . . . . . 

! 
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. . . . 
e . . . . . . . . . . . . . . . . . . . . . 
e 

POSS 0 .  

HOLD .. ......... 
. . . 
e . . . . . 
e 

e . . . . . . . . 
1 

. . . 
e . . . . 

"""""""""" ............ . METERS Oiu DOWNLINK 
TO REMAIN THERE . 
UNTIL  TERMIhATION OF e 

PROGRAM . 
"""""""""" . 
PUT TARGLT PARA- 

. . 
e . . i 

I. 

e . . . . . . . . . 
e 
e 

* . . . . 

. . . 
e . 
0 . . . . . . . . 

"""""""""" 

CHECK THE DATA 
LOAD  OPTION 
"""""""""" 

.oooo 1 e00002 . e . . 
e ........ e . . . . . """""""""" 

FLASH VERB-NOUN  TO . 
REQUEST RESPONSE AND . 
DISPLAY CALCULATED E:. . 

V06 N-- . . . 
R I -BLANK .................... 
R2-E e . 
R3-BLANK 

0 .  . .. 
E - ELEVATION AIKYLE. 
THE ANGLE  BETWEEN 
CSWLM LOS AND, THE 
CSH LOCAL  HORIZONTAL 
AT T IG(TP1)  MEASURED 
FROM THE DIRECTI3N 
OF FLIGHT. I N  
DEGREES TO NEAREST 
001 DEG. 
"""""""""" 

. . . . . . . . 
e . . . .e . . 0.  . e 0 .  

0 .  

0 .  

"""""""""- 
WAIT FOR KEYBOARD 
ENTRY 0 .  0 .  .................... 
TERNINATE  FLASH UPON 

e RECEIPT OF PROCEED 
"""""""""" 

e . . . . . . e . . 

0 .  . . 
e . . . . 

"""""""""" . 
D I D  I SPECIFY T I C  
( T P I I  OR E TO THE 
CMC 
"""""""""" 

oTIG(TP1)  .E . . . * . . . . 
e e . . 

""""""""C 

MONITOR DSKY: . 
OSSERVE VERB-PJO& 
FLASH TO REOJEST 
RESPONSE AND . 
DISPLAY OF . 
CALCULATED E. . 
""""""""" . . . . . . . 

e . . . . . . . . """"""""- * 
RECORD T H I S  VALUE """"""""_ . . . 0 . e 
""""""""C 

KEY I N  PROCEED 
V33E . """"""""- . . . . . . . . 

e . e 

Y440 

t 4 5 0  

. . . . . . 
e . . . . . 
e 
e . . . . 
e . . . . 
e 
0 

e . . . 
i . . 

4 4 7 0  

t480 

If490 



. . 6 .  . 0 .  . b 0 .  . 0 .  . . *. . 0 .  . . e. ........... 0 .  . . 0 .  . 0 .  . . *. . 0 .  . ...... *. . 0 .  . . *. . 0 .  . . e. . 0 .  
"""""""" """""""""" e. 
FLASH VERB-NOUN .. MONITOR  DSKY: . 
TO  REQUEST  RES- 0 .  OBSERVE VERB-AWN . PONSE  AND DISPLAYe.oo........o~oo~ooo FLASH TO  REQUEST . 
CALCULATED TIG(TP1): 0.0  RESPONSE  AND. DISPLAY 

V06 N34 ..a OF .CALCULATED T I G  
R l -T IG(TPI I  -. ... ( T P I I  . 

I HRS ... 
RZ-TIG(TP1) 0 

MIN 0. .  . . . 
R3-TIG(TPI)-- ... . . . 
5EC 0..  . . . 

TIG(TP1) 0 TIME . . . 
OF TPL IGNITION 
(GET). I N  HRSq 0.. RECORD THIS- VALUE 

e MfNI SEC TO 
NEAREST 001 SEC 

N""""""""" 

0.. . . . 
. ... . . . 

*e. 
0.. C"""""""" 

0.0 """"""""" . . . 
""""""" 

0.. 

0.. . . . . . ... . . . . . ... . . . . . e.. . . 
"""""C""" """""""""" . WAIT FOR'KEY-. .................... KEY IN PROCEED . 0.. 

BOARD  ENTRY ..... V33E . 
TERMINATE FLASH .... 
UPON RECEIPT OF 
PROCEED .... . . . """""""""" .... . . . """""""_ . . . . 0 -  .... ...... . . . . .... . . . . . .... . . . .... """""""""_ .... . 

.... 
"""""""""" 

FLASH VERB-iJOUiJ TO 
REQUEST  RESPONSE  AND .... O6SERVE  VERB-NOUN 
DISPLAY CALCULATED .................... FLASH TO REQUEST . 
TERMINAL PHASE  PARA-- . RESPONSE  AND OISPLAY . 
METERS. ..... OF CALCULATED . 

V06 N- ..... TERMINAL PHASE  PARA- 
.Rl*DELTA V ( T P I I  ..... METERS. . 

MOlvITOR  OSKY: 

..e.. 

R2-PERIGEE ALT (TP I ) ..... 
R3-DELTA V (TPF 1 

"""""""""" ..... . . ..... . . 
DELTA V (TP I )  - ..... . . 
REQUIRED IMPULSIVE ..... . . 
DELTA V TO ACCOMPLISH ..... a . 
TPI MANEUVER AT ..... . . 
TIG(TP1) I N  FPS TO ..... . . 
NEAREST 01 FPS ..e.. . . ..... . . ..... . . ..... . . ..... . . ..... . . 

Y 5 0 0  

a510 

t 5 2 0  

a530 

#540 

e 



PERIGEE  ALT  (TPI 1 - 
POST T P I  ALTITUDE OF 
PERIGEE  ABOVE 
LAUNCH  PAD RADIUS. 
EN iVAUTICAL MILES  T 
NEAREST .lNM. 

S . . . . 
"""""""""" 

WAIT FOR  KEYBOARD 

0 

st4 

ENTRY 
TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
""i"""""""" . 
""-A"&"""""- 

FLASH VERB-NOUN 
TO REQUEST RESP3rUSE 
AND DISPLAY TTI: 

V06 iU35 
RE-TTI - HRS 
R2-TTI - MIMS 
R3-TTI - SECS 

TTI 0 TIYE TO GO 
TQ TXG(TPI1. IN 
HRS9MINSISECSi  TQ 
NEAREST e 0 1  SEC. 
"""""""""" . 

. . . . . . . 

. . 
0.. . . . . . . . . . . . . 
. 
. . 

"""""""I"" 

RECORO THESE VALUES 
""""""""I- 

* . . 

. 
e . . 
. . . . . . 
. . . . 
. . 

"""""""""" 

KEY IN PROCEE3 
V33E . 

1""""""""" . . 
e . . * 

""."""""""" 

MONITGR OSKY: . 
FLASH TO REWEST 
08SERVE VERB-WUN 

RESPONSE AND  DISPLAY 
O f  TTI. 
"""""""""" . . . . . . . . . . . . 
"""""""""" - ~~~ ~ 

SET  LEB CLOCK (Ai40 . 
MDC  CLOCK IF . 
DESIRED) TO TTI . 
"""""""""" . . . . . . . . . . . 
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f570 

Y580  
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e e e e e e e  e .  . 
e* e e****. e *  e 

e e e e e e e  e *  e 
e *  e **e.** e .  e 
* e  e .e***. e *  e 

e. 

*e (NOTE: A3 WILL dE e e e e e e e  
e. BLAkK  UNTIL 

e e FOR CONFIRMATION e 

e e  THE THRUSTING 
e ...e*. e e OF ALL THE PARA- e 

e. DECISION IS MADE. 
e .*e**. e METERS IJHICl.1 ARE 

e. THEREAFTER MGA WILL e e e e e e e  
e *.*e** e e ON DOWh L I W ?  

e e  APPEAR I N  R3)  e e**.*. . e  .Y 

e """"""""_ 
* e  """""""""" * e * * * e  

eEu e 
e *  e 

e e e..*** * e  e e. 
e *  

.e e-""""""" """""" 

e .  
e *  

e. e e MOW I TOR. CMC e COORUINATE e e 
* e  e eDOWNLlNI< e e e e e e m e e e  EVALUATIaN e e 
e. e .TELEMETRY OF e e OF THE CMC 
*e *MANEUVER DATA.. e e COMPUTATIOh e e 
e. eCOORDINATE e e e e e e e e e o  PARAMETERS e 
e. e *EVALUATION OF e e N I T H  THE 
e. e eCMC  COMPUTED e e GROUND 
e. e .PARAMETERS 
e. e eiJITH ASTRO- e .  . 
e. e NAUT e .  e .  

e *  
e .  

* e  """""" 

e *  . 
e *  
0 .  

e e"""""""- * .  e e .  
e """"""""" 

e. . . e e AM I SATISFIED . 
e. e e e WITH THE DISPLAYED e 
.e e b e e MANEUVER PARA- * 
e* e e e METERS ( I e E e  HAVE e 
0 .  e e e I COMPLETED MAN- e 
e. e e e IPULATION OF THE e 
e. e e e e INPUT PARAYETERS?) e 

e. e e e e N  e Y  e 
* e  e """"""""" 

.e 
e *  
e *  

e e .  e e *  
e e . e  e * e  
e e """""""- e .  

* e  
e .  

e *  e e e e IS T T I  LESS 
e e e THAN 9 h I N ?  e. 

e. e """""""_ 
e. e e e e e Y  
e.  
e .  
e. e e 
e. 

ke e 
e e * e  e *  e 
e e *  e e *  e 

"""""""" 

e e e TIG(TP1)MUST e e 
* e  e e e BE  SLIPPED. e .  e 
e.  e e e RESELECT P 3 4  e e e 

e. IJAIT FOR  KEYBOARD e 
e AND ADJUST IN-. e e 

e o  ENTRY 
e PUT PARAMETERS e 

e * e e e e * e e e e e e e e e e e C e  KEY I N  e *  e 
e *  e .  e V37E34E * e  e 

e *  """""""""" 

.e e """""""_ 
e *  e e 
.e e e . e *  e 

e .  
e .  e 
e .  e 
e .  

.e 
e. 

e e . e +  
e e e 

e *  e EXIT   P34  e e e 

e. e e e .  e 
e. e e e .  e 

e e e .  e 
e * e  e 

e *  e 
e e e *  e 

e *  
e *  
e *  
e. 
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THE MANE+ 
VER XOMPU-. 
TATION AND 
TERMINATE 
FURTHER UP- 

f . E o  SELECT 
THE FINAL 
COMPUTATION 
AND DISPLAY 

OATES? 

CYCLE? 

.ti Y. . """"L" 

. .. . a m  
"""") 

.. 
0 .  

0.  TERMINATE FLASH UPON 

0. GRAM( RECYCLE* PRO- 
0. CEED OR VI-E 

" 

0 .  .. RfCEIPT OF NEW P R b .  .......................... SELECT THE .. FINAL COMPUTA- .. 
0. """""""""*"* .. 
0 .  

m a  .. 
0 .  .. .. .. .. .. .. .. .. .. .. 
.O .. .. .. .. 
0 .  .. .. .. .. .. .. .. .. .. .. .. 

.R .P 

.E .R 

.C 00 

.Y .C 

.C .E 

.L .E 

.E .D . . . . . . . . . . . . . . . . . . . . . . . . . """"_ 
SET FINAL 
COMPUTA- 
TION FLAG """"_ 

0 . . . . . . . . . . . . 

. 

. . . . . . . . . . 

*.""-"""- 

. 
0 . TION AND D f S -  . 

PLAY CYCLE. 
KEY I N  PR3CEED . V33E . 
""""""" - 
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.* . 0 .  e .e . 
0 .  . 0 .  . 0 .  . . .  

//z * *  0 .  e .e . 
.e  . e .  e 0 .  . 
e. e . e  . .e . 
e. e e .  . .e e 

0 .  . . e  . 0 .  e 
0 .  . 0 .  . e.  .* """"_ e 

e. e RESET  UP- 
0 .  e DATE  FLAG e .e . 
e. (SEE  P20)  e 0 .  . 

0 .  . . e. . 
* *  C"""" . 0 .  e 
.e . 0 .  . 0 .  ............... e 0.  . 

e . . 0 .  . . """""" ** """""""". 
e DO RENDEZVOUS o e e  DO RENDEZVOUS. . TRACK I NG .................... TRACKING  DATA- . DATA  PROCESS- e .me PROCESSING 
e I N G   R O U T I N E  .e ROUTINE  (R22)  . (RZ2) . .e (NOTE:  PERFORM 

"C"""" .e MARKS PREFER-. . . e .e ABLY FOR NOT 
e . . 0 .  LONGER THAN 2 
e . . .e MINUTES BUT I N  . . e e e  NO CASE  LATER 
e . . e. THAN T T I  EQUAL, 
e e e 0 .  TO 8 MIN.) 

. 

e e . 
e . e .e . ............. . 0 .  e . .e . . e. . . ........ . . 

e . 

* *  """""""". 

............ .............. . e . e 
"""""""""" . """""""""" 
""""""""C" . . . 
L""""""""" ......... 

HOLD . REQUEST  RESPONSE AND 
DISPLAY  TOTAL NUMBER 
OF MARKS* TT1r AND 

FLASH VERB-NOUN  TO 

V 0 6  b - ,  

R 1-N 
R 2 - T T I  
R3-MGA 

N-NUMBER OF  MARKS 
WADE S I N C E   L A S T  
THRUSTING MANEUVER 
OR I N I T I A T I O N  OF P20 

"""""""""" . . 
e 

MOFiITOR DSKY': 
"""""""""" .................... OBSERVE VERB-NOJh 
FLASH TO REBUEST 
RESPONSE  AND DISPLAY 
TOTAL NUMBER OF 
MARKS, T T I ,  AND MGA. """"""""--" . . 

e 
e . 
. . 

P 3 4 / C S M 2 / 2 7 8  
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TTI-TIME TO GO TO 
TIG(TP1). I N   H I N  AND 
SEC  TO  NEAREST SECe 
MAX READIluG IS 
59 5 9  

MGA-MIDDM GIMBAL 
A S L E  A T  T I G l T P I l  
I F  +X CSFi A X I S  IS 
A t 1  GNED iu I TH 
IasULSIVE fHRUST 
DIRECTIOWe IN 

e 0 1  DEGREEc 
DECREES To ~ E R R E S T  

""-&--""""",; 

0 

~iirii.i;iiir;-i"ir;i.;"i 

e 

e 
0 

e 
"-""""""""" 

RECORD N 
A M  RGA 
"""""""""" 

e 
0 

""""""""" 

1900 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
"""""I"""" 

0 

e 

SET  d&NbEZVOUS IN- 
TERCE'PT FLAG FOR USE 
BY  THRUSTING  PROGRAPl 
"-id""""""" 

"""""""""" 

0 

"""""""""" 

FLASH VERB-hiOUhi TO 
REQUEST PLEASE PER- 
FORH SELECTION OF 
NEW  PROGRAM: 

V50N07 
Rl-BLANK 
R2-BLANK 
R3-BLANK 

"""""""""" 

e 

0 

0 

* 
e 
0 

E 

e 

0 

e 

0 

e 

0 

e 
0 

"""""""""" 

MONITOR IjSKY: 

FLASH TO REQUEST- 
. . . . . . . . .ooooo~. .o . .  OBSERVE  VERa-kOUN 

PLEASE PERFORM. SELE- 
CTXON O f  NEW PROGRAfl """"""""". 

e 

0 

0 

0 

0 

e . 

t910 

$920 

#930 



"""""""""" 
~ 

WAIT FOR KEYBOARD 
ENTRY 

""""""" 

I F  TIME ANU 
L3CAT ION . 
PERMIT .e..... 
ASS I ST . 
ASTRONAUT IN 
SELECTION OF rn 

PROPULS13N a.....a 
SYSTEM. . 
""""""" 

. . . . . 
"""""""""" 

CONSIDERIkG VALUE O f  
DELTA VI FUEL 
AVAILABLE*  STATJS OF 
PROPULSIOh HARL>*AREa 
AND TIME  AVAILABLE 
TO RE-ALIGN  T4E IMU 
TO AVOID GIMBGL .LOCK 
SELECT A PROPJLSlOFi 
SYSTEM TO PERFORM 
THE-MANEUVER. CO- 
ORDINATE  WITH SROUND 
IF REQUIRED. """""""""- . SPS 

a . """"_ 
KEY IN 

PROGRAM 
(P40) 
V37E40E """"_ . . 

a a . a 
""""t 

GO TO . 
PROGRAM - 
SELECTED 
""""" . a . . 

a a . . 
ma. a 
0 .  a 

EXIT P34. 

. *  
"""""""" 

KEY I &  REQUEST 
TERMINATE  FLASH UPON a FOR  RCS ThRUST- 
RECEIPT OF  REQUEST .....a.a.oa......m.. ING PROGRAM 
FOR  NEW  PROGRAM . IP41)  
"""""""""" V37E41E """""""- a 

Y950 

Y960 

Y970 

Y960 



e 

e 
m 

e 
e 

"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" . ... 

e 

E X I T  P 3 4  

. 
e 
e 

e . . """""""_ 
GO TO PROGRAY 
SELECTED """""""_ 

e . 
e * *  

e 
E X I T  P 3 4  

Y990 





AP~LLO COMPUTER L O G I C  CHECKLIST  IaTERFACE 

TRANSFER PHASE (#.IDCOURSE) PROGRAM (P35) REV 13 10/31/66 

PURPOSE: (1) T O  CALCULATE THE RElJIREC DELTA V AND 3THEil I N I T I A L  COluDITIONS  REQUIRED BY THE CMC FOR  CSM EXECUTION OF THE NEXT 
POSSIBLE  kIDCOURSE  CORRECTION OF THE TRANSFER PHASE OF  AN ACTIVE CSM RENDEZVOUS. 

( 2 )  TO COMPUTE A V O  DISPLAY  SUITABLE  IMFDRMATION TO ENABLE THE CREiJ  TO ENTER THE F I N A L  RENDEZVOUS PHASE ( P 3 6 )  AT 
THE  CORRECT TIME  T3 COMPLETE THE REQUIRED  THRUSTINS MANEUVER  AT THE F IRST RANGE  GATE. 

( 3 )  TO GOVERPi THE U5E OF THE SXT TO OBTAIN REhrDEZWOUS NAVIGATION DATA  DURING T H I S  PROGRAM. 

(41 T H I S  PROGRAM I S  DESIGNED FOR ONE-YAP4 OPERATION. 

ASSUMPTIONS: (1) THE IS5 I S  3N AND PRECISELY  ALIGVED. 

( 3 )  THIS PROGRAM  MAY BE PERFORMED  CONCURRENTLY WITH THE RENDEZVOUS NAVIGATION PROGRAM (P20)  TO UPDATE THE LM OR CSM 
STATE VECTORS WITH  OPTICAL  TRACKING 3F THE LM. THIS.PRDGRAM MAY ALSO BE PERFORMED INDEPENDENTLY OF P20. I F  OPTICAL 
TRACKING I S  DESIRED THE OPTLCS SHOULD BE LOCKED ON THE LM BY PREVIOUS  SELECTION OF P20. THE RENDEZVOUS TRACKIFlG MARK 

I F  P20 I S  I N  EFFECT, OPTICAL TRACKING NARKS MAY BE MADE BY SELECTION OF THE RENDEZVOUS TRACKING  DATA  PROCESSING 
COUNTER IS ZEROED a y  THE SELECTION OF PZO AND AFT€$ EACH THRUSTING MANEUVER. 

ROUTINE (R22) .  R2Z IS SELECTED BY V--E hHICH MAY 9 E  EYTERED WHENEVER THE CMC IS HOLDING FOR A V/N  FLASHING DATA DIS- 
PLAY (hiOTE: FOR S I M P L I C I T Y   I T  15 ONLY SHOdN 6ELOvl AT THE V06N” DISPLAY.). R22 RETURNS TO THIS PROGRAM  AT THE INTER- 
RUPTED DISPLAY. 

(4) THE OPERATICIN OF THIS  PROGRAM U T I L I Z E S  THE  FOLLOHIING  FLAGS? 

ACTIVE  VEHICLE  FLAG  -.DESIGNATES THE VEHICLE  ddICH IS DOING RENDEZVOUS THRUSTING MANEUVERS TO THE PROGRAM WHICH 
CALCULATES THE MANEUVER  PARAMETERS, SET AT THE START OF EACH RENDEZVOUS PRE-THRUSTING PROGRAM. 

RENDEZVOUS INTERCEPT  STEERING FLAG .. DESIChATES THE TYPE OF STEERING  REQUIRED FOR EXECUTION OF THIS  MANEUVER BY 
THE THRUSTING PHOGRAW SELECTED  4FTER  COMPLET13N 3F T H I S  PROGRAM. 

( A )  MAkEUVER PARAMETER DISPLAY AND CREd  EV4LUATION -. 1 MIN 

(a) PRaPULSION SYSTEM AND TrlRUSTING PROGRAM IDENTIF ICATION - 1 MIiv 

( C l  THRUSTING PROGRAM SELECTION AND  COUNT DOivN TO T I G t M I D )  - 5 MfN  (ASSUMES I M l l  ALIGNMENT I S  SATISFACTORY) 

(01 ;w MIDCOURSE MANEUVERS WILL aE PERFORMED WITHIN 2 0  MINUTES OF THE CALCULATED TIME OF INTERCEPT. 

( 6 )  THE PROGRAM I S  SELECTED 6Y THE ASTRONAUT BY OSLY ENTRY PRIOR TO  ANY ANTICIPATED RENDEZVOUS MIDCOURSE CORRECTION. 



CMC GROUND 

"""""""""" 

DO PROGRAM SELECTION .................... 
CHECK ROUTINE (Roll 

"""""""""" . . . """""""""- 
START TRANSFER PHASE 
(MIDCOURSE) PROGRAM 

DISPLAY PROGRAM 35. 
(P35) .  

"""""""""" . . _""""""""" 
SET ACTIVE  VEHICLE 
FLAG TO  CSM 
"""""""""" . . . 
"""""""""" 

SET TRACK FLAG (SEE 
P20) 
"""""""""" . . . 
"""""""""" 

SET  UPDATE FLAG 
(SEE P20) 
"""""""""" . . . . . 

0 .................... . 
. .................... . 

CRtw 

.CREW 

.PRO5 

.SELECTION . 
m.. . 

"""""""""" 

KEY IN TRANSFER 
PHASE  (MIDCOURSE) 
PROGRAM (P35) 

V37E 35E 
"""""""""" 

"""""""" 

DO PROGRAM SELECTION 
CHECK ROUTINE (RO1) 
"""""""""" 

"""""""""" 

MONITGH DSKY: 
OBSERVE DISPLAY OF 
PROGRAM 35 
"""""""""" . . . . . . . . . . . . 

0 . . . . . . . . . . . 

C H ~ C K L I S T  

#20 

#30 

+40 

#50 



a .. 
a 
a 
a 

a 

a 

a 
a 

m 

a 
a a.  a.m.... 

a 
0 

a """""""""" 

DEFIFiE  ThE  TIME OF a 
ARRIVAL AT INTERCEPT 
AS T I G ( T P I 1   P L U S  a 
DELTA T  TRANS 
"-3"""""""" 

"""""""""" 

a FLASH VERB-ivOUfd TO 
maaeaa-a. REQUEST  RESPONSE AND 
HOLD D I S P L A Y   T T   I N T :  

V06 N35 
R l - T T   I N T  - HRS 
R2-TT I N T  - MINS 
R3-TT I N T  * SEC5 

T T   I N T  - T I h E  TO GO 
TO  INTERCEPT. I N  
HRSr MIIYSI SECS* TO 
NEAREST a 0 1  SECa 
"""""""""" 

a 
a 

a 

a 

a . 
a a a . """""""""" 

a a M O h I  TOR DSKY: 
4 a OBSERVE VERB+WUPj 

a a a a a a a a a a a a a a a a a a a a  FLASH TO REQUEST 
R€SPONSE AND: DISPLAY . . OF TT  INT. 

a 

"""""""""" 

. 

a 

a 
"""""""""" 

SET LEB CLOCK (4kO 
MDC CLOCK I F  
DESIRED) TO TT I N 7  
"""""""""" 

a . 
a .  0 

"""""""""" 

-. 
rCAIT FOR KEYBOARD 
ENTRY 

a .  KEY IN PROCEED 

RECEIPT OF PROCEED 

"""""""""" 

a ~ . ~ ~ o a a ~ o ~ a a ~ a ~ ~ ~ a a  V33E 
TERNINATE  FLASH UPON a """""""""" 

* m 
a . . """"""""-I- 

a . c 
4 ...... a *..a*. L 

a a * a  * a  .I 

* a  a m  
a a .  * a  

#60 

#loo 

* a  a .  
a .  a .  a 

a * a  a .  a 



. e . e  e *  

e e e *  . e  
"""""""""" e .  
FLASH VERB-NOUk TO e e e .  
REQUEST  RESPONSE AND e e e s  
DISPLAY TOTAL MARKS eeeeeeeeeeee*e..eee* 
SINCE THE LAST BURN e e 
AND THE TT INT: 

. .e 
. e   e *  
0 .  e .  
. e   * e  
e *  e .  
. e   . e  
e *   * e  

V06 N--. 
R 1  - N 
R2 - TT INT 
R3 - BLANK 

N-NUMBER OF MARKS . e   e .  
MADE SINCE LAST e *  e .  
THRUSTING MANEUVER e e . e  
OR I N I T I A T I O N  OF P20 e e . e  

TT IhT-TIME TO GO TO e e 
INTERCEPT. I N  
MIN AND  SEC  TO 
NEAREST SECOND. MAX e 
READING I S  59 59. . e  . e  

(NOTE: R3 WILL BE 
BLANK UNTIL e *  . e  
TRACKING IS e *  e *  

. e  . e  
e .  

e *  0 .  

0 .  e *  
0 .  

0 .  . e  
0 .  . e  

TERMINATED AND  THE e e e *  
LAMBERT  PROBLEY IS e e *  
SOLVED.  AT THAT TIME e e e *  
MGA WILL APPEAR IN e e *  
. (R3))  e *   e *  
"""""""""" e *  

e 
e 
e . e  

"""""""""" 

* e  
e *  . WAIT FOR  KEYBOARD 

ENTRY 

e e 
e e 
e e 
e e 
e e 

"""""""""" 

MONITOR DSKY: 
OaSERVE  VERB-NOJN 
FLASH TO RESUEST 
RESPONSE  AND 3i SPLAY 
OF TOTAL MARkS AND 
TIME TO GO TD 
INTERCEPT 
"""""""""" 

e 
e 
e . 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

"""""""""" 

IS TT INT GREATER 
THAN 10 MINI 
"""""""""" 

eN 
e 
e 
e 
e . 
0"""" 

KEY I N -  
REQUEST 
FOR 
TRANSFER 
PHASE 9 

F I PIAL 
(TPF 1 
PROGRAM 
(P36) 
V37E  3bE """"_ ~~ ~~ ~~~ . 

e 
e 

""""* 
GO TO 
PROGRAM 
SELECTED """"_ 

e Y  
e 
e . 
e . . . . 
e 
e 
e 
e . 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

. .  

P35/CSM2/278 ' 

#A10 

Y130 

Y 140 

Y 1 5 0  



e *  e .  
e .  
e *  

e *  

e .  

e e 
e e 
e e 
e e 
e e 

e e 

e e 

e e . . e 
e 
e 

e .  . .  
. e  

e e 
EXIT P35 e 

e 
e 

"""""""""" 

IS THE  RENDEZVOUS 
NAVIGATION PROGRAM 
(P20) I N  PROCESS? 
"""""""""" 

e Y  eN 
e . 
e e 
"""""""" - ~ 

I 

SHALL I ATTENPT e 
TO MAKE 
ADDITIONAL OPTICS. 
MARKS AT THIS 
TIME? 1 

e Y  e N  e 

"""""""". 

e . *  
e e .  
"""""" 

KEY IN e e .  
+-E e .  
"""""". e 

e e .  
e e *  

e *  
e *  . """""""" 

e KEY I N  PROCEED 
e V33E 
"""""""" 

e 
e 
e 
e 

e 
"""""""""" 

DO RENDEZVOCIS 
TRACKING DATA 
PROCESSING ROUTINE 
(R22) 
{NOTE: PERF32% MARKS 
PREFERABLY FO2 NOT 
LONGER THAN 2 MIN- 
UTES  BUT I N  N3 CASE 
LATER THAN TT INT TO 

A MIDCOURSE C3RREC- 
EQUAL TO 17 MINm IF 

T I O N  BURN IS CONTEM- 
PLATED) 

P35/CSM2/270 

1160 

Y170 

#190 

*zoo 

Y 2 L Q  



a a a 
e a a a 

a a a a 
a . a a 
a a a a 
a . a e 
a a a a 
a a a a 
a a a 
a ........a 
a a 
e . """"""- 
a GO TO PROGRAM 

SELECTED """"""- 
e . 
a a 
e .a. 
a a 
a E X I T  P35 
e 
e 
a """""""""- 
TERMINATE UPDATE 
FLAG  (SEE P20) 
"""""""""" 

a 
a 

"""""""""" 

SET TIGtMID) = 
T + 7 MIN 
""""""CC""" 

a 
a 
a 

"""""""""" 

EXTRAPOLATE CSM Ai40 
LM ORBITS TO 
T I G t M I D )  
"""""""""" 

a 
e 

"""""""""" -~ ~~~ 

DO LAMBERT ROUTiNE 
TO CALCULATE R E -  
QUIRED  VELOCITY FOR 
MIDCOURSE  CORRECTION 
-"""""""""e 

a 
a . 

"""""""""" 

CALCULATE THRUST 
I N I T I A L   C O N D I T I O N  
PARAMETERS 
"""""""""" 

,.. - 

P35/CSM2/278 

a220 

f Z 3 0  

f 2 4 0  

f 2 5 0  

f260 



a 

a 
a 

a 
a 
a 
a 

"""""""""" 

a FLASH VERB-EJOUY 
a a a a a a a * *  REQUEST  RESPONSE 
HOLD ADD D I S P L A Y  OF T 

TO GO T 3   T I G ( M I D  
AND  MGA: 

V06 N-- 
R l - N  
R Z - T T I  
R3-MGA 

T 

I 

a 

a 
a 

a 
a 

a 
e 
a """""""""" 

ti-NUHBER OF MARKS 
MADE SINCE LAST 
THRUSTING MANEUVER 
OR I N I T I A T I O N  OF P 2 0  

T T I - T I M E  TO GO T O  
T I G ( M I D ) a  Il\r MXN- 
AND SEC TO NEAREST 
SECa MAX READING IS 
5 9  59. 

YGA-MIDDLE  GIMBAL 
ANGLE  AT T I G t M I D )  IF 
+X CSM A X I S  I S  
ALIGNED WITH INITIAL 
THRUST DIRECTIONe I N  
a 0 1  DEGREE 
DEGREES  TO NEAREST 
"""""""""" 

a 

a 

"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

0 a a 

AND 
MONITOR  OSKY: 

ME a * * a a a * * a a * a a a a a a a a a  FLASHING TO 2EQUEST 
a a OBSERVE  VERB-NOUN 

a RESPONSE AND ADDL- 
TION OF D I S P L A Y  OF 
T I M E  TO GO TO (MID) 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED """""""""_ 

a 

a 

a 
a - 

/;i 3 a 

a 

AND MGAa 
"0""""""""- 

a 
a 
a 
a 
a 
a 
e 
a 
a 
a 
a 
a 
8 

0 

a 
a 
a 
a 
a 
e 
a 
a 
a 
a 

"""""""""" 

RECORV THESE  VALUES 
"""""""""" 

a 
e 
a 

"""""""""" 

SET L E B  CLOCK 
(AND  MDC.CLOCK 
I F  DESIRED) TO T T l  """""""""_ 

a 
0 

a 

KEY Ik PROCEED 
"""""""""" 

V33E """""-""""- 

+300 

t 3 2 0  



"""""""""" 
4%; e e 

e e MOlvITOR DSKY: e FLASH VERB-NOUN  TO 
"""""""""" 

e e e o o e e e e  REQUEST RESPONSE AND 0 e OBSERVE VERB-bOJN 
;" HOLD DISPLAY CALCULATED eeeeoeeee.eoeoeeeeoe FLASH TO REQJEST 

e e RESPOFiSE  AND DISPLAY 
OF CALCULATED 

< 7 _, TERMINAL PHASE - -. PARAMETERS.: 
V06 N-- 
Rl-DELTA V ( M I D )  
R2-TT I 
R3-DELTA V (TPF) 

DELTA VCMID) - 
REQUIRE0  IMPULSIVE 
DELTA v TO ACCOMP- 
L I S H  NEXT MIDCOURSE 
MANEUVER  AT TIG(M1D) 
I N  FPS TO NEAREST 
e 1  FPSe 

T T I  - TIME TO GO  TO 
TIG(W1D). I N  MIlL AND 
SEC TO NEAREST 
SECe  MAX READING I S  
5 9  59.  

DELTA V(TPF) - 
REQUIRED IMPULSIVE 
DELTA V TO ACCOiUIPLISH 
INTERCEPT (TPF) 
FANEUVEH AT CALCQL- 
ATED,  TIME OF INTER-- 
CEPTe I N  FPS TO 
NEAREST e 1  FPSo 
"""""""""". _"" - 

"""""""""" ""~ 

WAIT FOR  KEYBOARD 
ENTRY 

TERMINAL PHASE 
PARAMETERS 
"""""""""" 

0 

e 
0 

e 
0 

e 
"""""I"~""" 

RECORD THESE VALUES 
"""""""""" 

- e  
e 
e 
e 
e 
e .  
e 
e 
e 
e 
e 
e 
0 

e 
e 
e 
e 
e 
0 

"""""""""" 

15 A MIDCOURSE COR- 
RECTION BURN RERUIR- 
ED?(MAIN CONSIDERA- 
TION IS MAGNITUDE OF 
DELTA V (HID) 1 
"""""""""" 

eN e Y  
0 e 
0 e 

"""""" e 
KEY IN e 

e e o e o e e e e e e o e e e e e o e o  RECYCLE 
e e  e V32E 

e e 
e e 
e e 0 

0 0 0 

e e o e e o e o o e e o  

"""""" 

0 

0 

e 
e 
0 

+330 

C340 

1350 

1360 

+370 

Y38O 



0 

e . 
0 . 
e . 

0 0  

. . . 
e 
e . 
0 

"""""""""" 

ee.o..~.ooo..o..oeoe KEY If4 PROCEED 
e .  V33E . """""""""" 

TERMINATE FLASH UPON 
RECEIPT OF PROCEED 
OR RECYCLE 
"""""""""" 

0P O R  
OR .E 
.O .C 
tC .Y 
.E .C 
0E 0L 
e O  .E 
0 0 

0 

e . . 
0 ........... 

"""""""""" 

SET  RENDEZVOUS 
INTERCEPT FLAG f O R  
USE BY THRUSTING 
PROGRAH. 
"""""""""" . 

e . 
"""""""""" 

FLASH VERB-NOUN TO 
REQUEST PLEASE PER- 
FORM SELECT ION OF 
NEW  PROGRAM; 

V50N07 
Rl-BLAIUK 
R2-BLANK 
R3-BLANK """""""""_ 

t 
e . . 

"""""""""" 

MONITOR DSKY: 
0 0 0 0 ~ 0 0 0 ~ ~ ~ e 0 0 0 ~ e ~ e ~  OBSERVE  VERB-NOUN 

PLEASE PERFORY  SELE- 
CTION OF NEW PROGRAEi 

0 FLASH TO REQUEST 

"""""""""- . . 
0 

0 . 
0 . . 
e 
0 

0 

e 

0 . 
0 . 
0 

e . 

i 
e 
0 

0 

0 . . 
e . 
0 

e 

e . 
0 

0 

Y 3 9 0  

8400 

Y410 

5420 



A? 6 

"""""" a 

LOCATION PER- 
IF TIME &NO a a a m a  

MIT  ASSIST a 
ASTRONAJT I N  a a a a a a  

SELkCTI3N OF a 
PROPULSI3N 
SYSTEM 

a 

""""""" 

a 
a 

a 

a 

a 
""""""""" 

COhSIDERINS VALCI€ 
OF DELTA V I  FUEL 
AVAILABLE9 THE 
STATUS OF THE 
PROPULSIDN rlARD- 
h'ARE* Al\iD TdE 
POSSIB IL ITY  OF 
GIMBAL LOCI< 
SELECT A PROPJL- 
SIObi SYSTEM T 3  
PERFORM THE NAN- 
EUVER COORDIbiATE 
k I T h  GROUND IF 
REQUIRED 
""""""""" 

mSPS aRC5 
a a 
a 
a a """"- 

KEY I k  a 
REQUEST 
FOR SPS a 
THRUST I NG a 
PROGRAM a 

V37E40E a 
(P40  f a """"_ 

a a 
a a 
a 0 

GO TO a 
PROGRAM a 

SELECTED a 

""C"" 

""""_ 
a a 
a 

a a a  a 
a a 

E X I T  P350 
a 
a 

0 """""""- 
KEY I N  REQUEST 
FOR RCS THRilST* 
I N G  PROGRAM 
(P41)  

V37E4 lE  """""""- 
a 
a 
a 
a 

a 
a 
a 

a 
a 

r 4 3 0  

/440 

Y450  

6470 

# 4 8 0  



CQ 
r- 
N . 

m 
m 
P 

o t  * e; o n  
e x  

W 



3 
z 
a 

LL 
0 



AP3LLO COrYPUTER LOGIC  CHECKLIST  INTERFACE 

TRAIuSFER PHASE* FINAL  (TPF) PROGRAM (P36)  REV 12 1 0 / 3 1 / 6 6  

PURPOSE: (1) TO DISPLAY  FINAL RENJEZVOUS PHASE PARAMETERS TO THE CREW. 

( 2 )  TO MEASJRE ANY DELTA V APPLIED 13 THE CSM DURIMG F INAL  PHASE MANEUVERS. 

( 3 )  THIS PROGRAM IS DESIGNED FOR  ONE-MAN OPERATION. 

ASSUMPTIONS: (1) THE 155 IS ON AND I S  PRECISELY  ALIGkED. 

( 2 )  STATE VECTOR UPDATES BY P27 ARE DISALLOWED  DURING THIS PROGRAM (AVERAGE  G I S   I N  PROCESS). 

( 3 )  THIS PRDGRAM MAY BE PEHFORMED  CONCURRENTLY WITH THE RENDEZVOUS NAVIGATION PROGRAM (P20) OR INDEPENDENTLY OF P20. 
HOWEVER I F  P20  OPERATION IS DESIRED  STATE VECTOR UPDATIEtG IS INHIB ITED AS AVERAGE G IS I N  PROCESS. I F  OPTICAL  TRACKING 
IS DESIRED  THE  OPTICS  SHOJLD  BE  LOCKEJ ON THE LM BY PREVIOUS  SELECTION OF P20.  THE RENDEZVOUS TRACKING MARK  COUNTER 
is  ZEROED BY THE SELECTION i)F PZO AND AFTER EACH THRUSTING MANEUVER. 

(4) ALL THRUSTING MANEUVERS DURING TdIS PHASE MILL EE MANUALLY QRIGINATEl j  AND CONTROLLED BY  THE CREW. 

ACCOMPLISHED V I A  SELECTION OF TRANSFEit PHASE I N I T I A I I 3 i   ( T P I )  PROGRAM (P34)  AND THEN THE DESIRED  THRUSTING PROGRAM 
IF THE C R E ~  DESIRED TO DO A~UY FINAL PHASE  THRUSTING MANEUVERS AUTOMATICALLY UNDER  GNCS CONTROL THEY MUST &E 

(40 OR 41). 

(5) THE PROSRAM IS SELECTED BY THE ASTRONAUT  BY  DSKY EhTRY  AFTER THE LAST MIDCOURSE CORRECTION. 

PROG 
CONT 

CMC  GROUND  CREW 

oCREwl 
.PROS 
oSELECTIOlV ... 

""""""-""" """""""""- KEY Ijii TRANSFER 
DO PROGRAM PHASE, F I N A L   ( T P F I  
SELECTION CHECK . . . -D.. . .D..D*.*.*. .  PROGRAM (P3b) 
2OUTINE ( R o l l  V37E  36E 

"""""""""" 

"""""""""" 

.e . . . .~*. . . . . . . . . . . .  DO PROGRAN SELECTION 
CHECK ROUTINE  1R01) 

"""""""""" """""""""" 

8 

. 

CHECKLIST TIME  TOTAL 
T IME 

610 



c 

0 

/3* 0 

0 

e 

-, - . 
"""""""""" """""""""" 

START TRANSFER PHASE9 e MOhITOR DSKY: 
,_  F INAL   (TPF)  PROGRAM ..e..e.o...oee..o*.* OBSERVE DISPLAY OF 

(P36)  e PROGRAM 3 6  
"""""""""" 

.. I. ~- DISPLAY PROGRAM 36. 
"""""""""" 

e 
e . 

"""""""""" 

SET TRACK FLAG  (SEE 
PZO) 
"""""""""" 

e 
e 

"""""""""" 

RESET  UPDATE FLAG 
(SEE P20)  
"""""""""" . 

e 
e 

"""""""""" 

CALL AVERAGE G 
COMPUTATION 
"""""""""" . . 

.....e...*.. . . . 
e . e 

e . """""""""" 

0 e FLASH VERB-IUOUN  TO 
e..ee.e.. REWEST RESPONSE AND 
HOLD. DISPLAY RENDEZVOJS 

. . . 
e 
e 

e 

e . 
e . 
e 

e . . . . 

PARAMETERS: 

Rl-RANGE 
V06 N-- 

R2-RANGE RATE 
R3-THETA 

RANGE-CALCULATED 
RANGE TO LM. I N  
NAUTICAL  MILES T3 
NEAREST 001 NM. 

"""""""""" 

MGkITOR DSKY: 
e OBSERVE VERB-NOUN 

e RESPONSE AND DISPLAY 
e.eo*.e..*.......e. FLASH TO REWEST 

OF RENDEZVOUS 
PARAMETERS 
-1""""""""" 

e 

e 
0 . 
e 
e . . . . . 
e . . . . . 
0 . 

P36/CSM2/278 

k30 

140 

150 

#60 



a 

a 

a 
a 
0 

a 
a 

a 

a 
a . 
a . 
a 

a 

a . 
a . 
a 
0 

a 

a 

a 
a 
0 

a 
a 
0 . 
a 
a 
a 

a 
a 
a 

a 

a 
a 

a 
a 

a 
a 
a 

0 

a 

a 
a 

a 
a 

a 
a 

a . . . 
a 
a 

a . . 
/ 3 / .  l 

RANGE RATE- 
CALCULATED RANGE 
RATE BETkiEEN CSM  AND 
LMm NEGATIVE  SIGN 
INDICATES .CLOSIiUGa 

a 1  FPS 
I N  FPS TO NEAREST 

THETA-ANGLE BETdEEN 
CSM +X AXIS AND  THE 
LOCAL HORIZONTAL 
PLArJE AT THE  PRESENT 

INDICATES +X AXIS 

DEGREES TO NEAREST 

TIME. PLUS SIGN 

ABOVE  PLANE. I N  

001 DEGREE 
"""""""""" 

a 
a 
a . 
a 

a 

a 
a 

a . 
a 
a 
a . 
a . 
a . . 
a . 
a 
a . . 
a 

a 
a . . 
a . 

"""""""""" 

. 
a 

0 . 
a 
a 
a . 
a 
a . 
a 
a . 
a 
a . 
a 
a . 
a . . 
a 

a 

USING  FINAL PHASE 
RENDEZVOUS  CHARTS 
COMPLETE  THE FINAL 
PHASE THRUSTIlYG 

"""""""""" 

MANEUVERS  MANUALLY. 

I F  P20 IS I N  EFFECT 
AND THE AUTO  MODE I S  
RETAINED THE CMC 
WILL CONTINUE 7 3  
KEEP  THE OPTICS 

AS A RESULT O f  THIS 
AUTOMATIC PROCESS 
ThE CSM TRACCINS 
AXIS (15  DEG  FROM 2 
TOWARD X I N  X 2  
PLANE 1 W ILL 
ALWAYS REMAIN H ITHIN  

POINTED AT TrlE LM. 

+/-- 0- DEGREES DF 
THE LOS TO THE L M r  

NORMALLY THRUSTING 
MANEUVERS WILL BE 
MADE WITH THE +X 
AXIS POINTED A T  THE 
LPI. THESE  MANUEVERS 
CAN BE MADE I N  

CONTROL OF TAE 
OPTICS LOS TO. THE 

ANY  MODE. I F  P20 

#90 

#LOO 

1110 

1120 



WAIT  FOG KEYBOARd 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF  PROCEED 
OR RECYCLE """""""""_ 

OR P 
.E R 
.C e 0 
.Y . c 
.C E 
.L . E 

Lh IS DESIRED T r E  
AUTO  MODE  SHOULD 
BE  RESTORED 
IMMEDIATELY dPON 
COMPL€TION OF 
THE  MANEUVER. 
"""""""""" 

0 . . 
"""""""""" 

00 I WISH THE DISPL- 
A Y  UPDATE FOR A 
LATER TIME? 
"""""""""" 

.Y .lu . . 
0 0 

"""""""" 

o.oo.o-e.........o.e KEY IN RECYCLE 
0 V32E . ' 0  

"""""""" 

0 

0 . 
""""""""" 

0 WHEN ALL RENDEZ- 
.O.O........O...O.D.O~ VOUS AND  DOCKIIUG . (OR STATION-KEEP- 

ING) THRUSTING HA- 
NEUVERS  ARE  COMP- 
PLETE KEY I N  
PROCEED 

V33E 
""""""""" 

P36/CSM2/278 

4130 

4140 

1150 

**.m....o.ooE D . . 
"""""""" 

HOLD TO REQUEST PLEASE 
......... FLASH VERB-NOUN 

PERFORM SELECTION OF 
C K  IDLING PROGRAM 
(Poo l :  

VSONO7 
R 1-00000 
RZ-BLANK 
R3-6LANK """""""""_ 

0 

0 

0 

0 

0 

0 . . 
0 . 

. . 
0 

"""""""""" 

.e........e......... MOPiITOR  DSKY: . OBSERVE  VERB-kOUN 
FLASH TO REOJEST 
PLEASE PERFORM SELE- 
CTION OF CMC IDLING 
PROGRAM (PO01 
"""""""""" . . . 

0 . . . . . . . 
0 

0 . . 

4170 



"""""""" 

WAIT  FOR  KEYBOARD 
ENTRY TERMINATE 
FLASH UPON RECEIPT 
O f  NEW PROGRAM 

~ 

"""""""" 

0 

0 

"""""- 
GO TO PROGRAM 
SELECTED 
""""""" 

0 

0 

e.. 
0 

E X I T  P36 

"""""""""_ 
0 

0 

0 

0 """""""_ 
GO TO PROGRAM 
SELECTED 
"I""""" 

0 

.eo 

EXI; P36 

#l9O 





APOLLO COMPUTER LOGIC  CHECKLIST  IhTEHFACE 

SPS  PROGRAM (P40) REV 15 10/31 /66  

PURPOSE: (1)  TO  COMPUTE A PREFERRES IMU  ORIENTATION AND A PREFERRED VEHICLE  ATTITUDE FOR A SPS THRUSTING MANEUVER. 

(2) TO CALCULATE AND DISPLAY THE GIMBAL ANGLES LiHICH idOULD RESULT FROM  THE PRESENT IMU  ORIENTATION I F  THE VEHICLE Is 
MANEUVERED  TO  THE  PREFERRED VEHICLE  ATTITUDE FOR A SPS THRUSTING MANEUVER.  THE  CREW I S  THEREBY GIVE& AN OPPORTUNITY TO 
PERFORM  THE  MANE3VER WITH: 

( A )  THE PRESENT IMU  ORIENTATION^ IF THE MIDDLE GIMBAL ANGLE IS NOT GREATER THAN 45 DEGREES, AND THE IMU 
HAS  BEEN ALIGNED k I T H I N  THE L A S T  --HRS. 

(8) THE NOMINAL IMU  ORIENTATION  (BY  SELECTION OF P53 OR P52.1 

(C) THE  PREFERRED IMU ORIENTATION (BY SELECTION OF P53 OR P52.1 

(3) TO DO TrtE VEHlCLE MANEUVER TO THE THRUSTING ATTI TUDE. (THE  VEHICLE MANEUVER I S  DONE  CONCURRENTLY WITH IMU 
REALIGNMENT I F  P53 IS USED.) 

ASSUMPTIONS: (1) THE  TARGET  PARAMETERS  HAVE  BEEN  CALCULATED  AND  STORED I N  THE CMC BY PRIOR  EXECUTION OF A PRE-THRUSTING PROCRAM, 

( 2 )  THE REWIRED  STEfRING EQUATIONS ARE ID EN TI FIE^ BY THE-PRIOR PRE-THRUST  PROGRAM, WHICH SET EITHER THE  LAMBERT 
OR EXTERNLIL DELTA J STEERING FLAG. 

( 3 )  I T  IS NORMALLY REQUIRED THAT  THE I S 5  BE ON  FOR  ONE  HOUR PRIOR TO A THRUSTING MANEUVER. 

14) THE TTE CLOCKJ I S  SET TO COUNT  TO  ZERO  AT TIG. 

( 5 )  THE  GNCS START-UP PROGRAM [PO51 AND THE IMU  ORIENTATION  DETERMINATION PROGRAM (P51) HAVE BEEN COMPLETED BEFORE 
SELECTION OF THIS PROGRAM* 

(6). ENGINE IGNITION MAY BE SLIPPED BEYOND  THE ESTABLISHED TIG I F  DESIRED BY  THE  CREW. 

( 8 )  THIS PROGRAM I S  SELECTED BY  THE  ASTRONAUT  BY DSKY ENTRY  AT. LEAST  5 MIN. BEFORE-THE  ESTIMATED  TIME OF IGNITIOhi;. 

( 9 )  THE  DOCKED CDNFIGURATION OF THE VEHICLE(S).HAS.BEEN MADE  KNOWN  TO THE CMC  BY THE APPLICABLE  DISCRETE: 

( A )  CM ALONE - - B Y  CWSM SEP DISCRETE 

( 8 )  CSM 0 BY NO CM/SY.SEP  DISCRETE OR LM DOCKED.-DISCRETE {BACKED UP BY V-) 

(C)  LWCSM C- BY LM DOCKED DISCRETE. (BACKED UP  BY V - o i  



CMC GROUND CREW 

oCREwl PROGo 
*SELECTION 
0 

0 .0  

0 
"""""""""" """""""""_ 
DO PROGRAM SELECTION o o o o o o o o o ~ o o m o o o o o o o  KEY IP( SPS 
CHECK ROUTINE f R 0 1 )  PROGRAM ( P 4 0  1 

V37E 40E """""""""_ 
0 

0 

0 
"""""""""" 

o o o o o o o o o ~ o o o o o o o o o o  DO  PROGRAM SELECTION 
CHECK ROUTZNE (R01) """""""""_ """""""""_ 

0 

0 

0 
"""""""""" 

START SPS 
PROGRAM (P40 1 
DISPLAY PROGRAM 40 
"""""""""" 

0 

0 

0 

MONITOR DSKY: 

PROGRAM 40 

"""""""""" ' 

o o o o o o o o o o o o o o o o o o o o  OBSERVE DISPLAY OF """""""""_ 
0 

0 

0 """""""""_ 
RESET  UPDATE FLAG 
(SEE P20)  """""""""- 

0 

0 

0 
"""""""""" """""""""" 

ROUTINE  (ROZ) 
DO IMU  STATUS CHECK o o o o ~ o ~ o o o o o o o o o o o o o  DO IMU STATUS CHECK 

ROUTINE  (R02) 
""""""""" """""""""" 

CHECKLIST T I M ?  TOTAL 
T I  ME 

110 ! 

1130 ! 

150 

! 



. .  . . .  . . .  . . .  . 
. . . . . 

. . . . 
"""""""""" . 
OBSERVE VERBINDUN 0 

RESPONSE  AND DISPLAY . MONITOR  DSKY: 

FLASH TO REQUEST 

OF  STORED PARAMETERS 
"""""""""" . . . . . . . . . . . . 

. 
0 

0 . 
0 . 
0 . 
0 . 
0 

"""""""""" . 
AM I SATISFIED  dITH 
THESE VALUES? 0 

HOLD ......... . 
"""""""""" 

. .  
FLASH VERB-hOUN TO 
REQUEST  RESPONSE  AN0 
DISPLAY STORED 
MASS  PARAMETERS: 

V06 N-- 
R 1 - I X  
R Z - I Y / I Z  
R3-W 

I X  - MOMENT OF 
INERTIA ABOUT  CSM X 
AXIS. I N  SLUG-FTmSQ. 
TO NEAREST 100 
SLUG-FTmSQm 

IY/IZ - AVERAGE OF 
MOMENTS OF INERTIA 
ABOUT  CSM Y AND 2 
AXES. I N  SLUG-FT*SQm 
TO NEAREST 100  SLUG- 
FTmSQm . 
W - TOTAL WEIGHT. 0 

I N  LBS. TO NEAREST 
LB 0 """""""""_ . . . . . . 
"""""""""" 

WAIT FOR  KEYBOARD 
ENTRY 

.. .................... .. 
0 . . 

"""""""""" 

.P  mNEN 

.R *DATA 

.O . 

.C . 

.E 

.E STORE  DATA 

.D 

""""""_ 
""""""_ 

"""""""""" 

.Y *N 0 . . . . . 
0 . 

. 0 . 0 . 0 . 0 . . . 0 . 0 

0 

0 

""""""". 
KEY I N  PROCEED 

V33E . 
""""""" 

0 . . . . . 
"""""""""" 

KEY IN V25 AND LOAD . 
THE DESIRED PAR& 
METERS 

. 
0 

"""""""""" 

0 0 . 
0 0 . 0 ...... 

L60 

ip70 

190 

* 100 
0 . 0 . . .  . ............. 



. 
a 
a . 
a 

138 

"""""""""" 

IS RENDEZVOUS 
INTERCEPT  STEERING ~. ~ 

FLAG  SET? 

.Y .N 
"""""""""" 

a a 
a a """""""_ 
SET C = l  I N  a 
STEER LAW a 
"""""""" 

a a . a 
a . """"""_ 
a SET  C=O I N  
a STEER LAN 
a 
a a 

- a  a . . . . .......a. 
a a a . . a a a 
"""""""""" 

""""""_ 

FLASH VERB-NOUN  TO a a 

aa...a... DISPLAY STORED a a 
HOLD MASS/PROPULSION . REQUEST RESPONSE  AND .*.m..o...oa..aa.o.o 

PARAMETERS: . 
V06 N70 . 
R1-PITCH  TRIM a 
R2-YAW TRIM a 
R3-TLX a 

PITCH T R I M  AND YAW a 
TRIM-SPS  ENGINE BELL 

T R I M  ANGLES A T  
IGNITION FROM DATA a 
TAKEN FROM FUEL . 
LOADING CHARTS AND a 

a 

VEHICLE  FUEL GAUGESa. 
I N  DEGREES TO a 
NEAREST a 0 1  DEGREE. . 

TLX-SPS THRUST TIMES a 
CG TO HIbiGE  POINT a 
DISTANCE AT T I G  I N  a 
FTa LBSa TO NEAREST 
LOO FT. LBS. a 
"""""""""" . a 

a a . a . a 
a a 
a 
0 

a 

. 
a 
a 

a a 

aamaa..a. 
0 . 
a a 

"""""""""" 

MONITOR DSKY: a 

FLASH TO REWEST a 
OBSERVE VERB-NOUN 

RESPONSE  AND DISPLAY 
OF STORED  PARAMETERS a 
"""""""""" . . 

0 a . a 
0 . 

"""""""""" 

Alr, I SATISFIE3  d ITH a 
THESE VALUES? a 

Y. *N a 

"""""""""" 

a . a  . 0 .  . a .  . a .  
0 .  

a a .  
a . a  
a a .  
a 0 .  . a .  . a .  
a a .  . a .  
a 0 .  

a a .  . a .  
a 0 .  . a .  
m a .  
0 a .  

P40/CSM2/278 

*110 

tl2O 

t130 

.Z 140 

Y150  



e . . . . . 
e . . e 

"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

e. 
.e.....om.....*....~ 

0 .  . . . 
TERMINATE  FLASH  JPON 0. 

RECEIPT OF  PROCEED .................... 
OR  NEW DATA 

P. NEW 
R. DATA 
0. v . 
C. 
E. STORE  DATA 
E. 
D. . . 

.e 
"""""""""" 

""""" 

"""-I- 

e . . . . . ......... . . 
"""""""""" 

COMPUTE I N I T I A L  
THRUST  DIRECTION AND 
I N I T I A L   V A L U E  OF VG 
VECTOR 
"""""""""" 

e 
I . 

FLASH VERB-NOUN TO 
"""""""""" 

REQUEST  RESPONSE  AND . 
HOLD VECTOR COMPONENTS: . ......... D I S P L A Y   I N I T I A L  VG .................... 

V 0 6  N-- 
R l -VGX  (LV)  
R2-VGY (LV 1 
R3-VGZtLV)  

VGX I L V )  -COMPONEIIT OF 
VG A T   T I G  ALONG 
(RXVIXR. I N   F P S  TO 
NEAREST e 1  FPSI 

VGY(LV)-COMPONENT OF 

I N  FPS TO NEAREST 
VG AT T I G  ALONG VXR. 

01  FPS. 
VCZ ( L V )  -COMPONEhT OF 
VG AT T I G  ALONG  -Re 
I N  FPS TO  NEAREST 
0 1  FPS. 

. . . . 
e 

e .  
0 .  

. e  
0 .  

e .  
0 .  """"""" 

KEY I N  PROCEED e 
V 33 E 

""""""". 
0 .  

0 .  

. e  
"""""""""" 

KEY I N  V 2 5  AND 
LOAD  THE  DESIRED . 
PARAMETERS . a 

"""""""-3°C- 

a . 
I . e 

...o...m. 

MONITOR  DSKY: 
OBSERVE  VERB-HDUN 
FLASH TO REQUEST 
RESPONSE AND D I S P i A Y  
OF VG COMPONENTS 

""""""C""" 

"""""""""" . . . 
4 

e . . 
"""""""""" 

RECORD FOR P O S S I B L E  
FUTURE  TRANSMISSION 
TO LM OR GROUhD 
"""""""""" 

. . . . . . . . 

Y 1 8 0  

1c 190 

#200 

4210 



WHERE R IS GEOCEIY-. 
TRIC  RADIUS VECTOR 
AND V I S  VEHICLE 
INERTIAL VELOCITY 
VECTOR  AT TIGo 
"""""""""" 

0 

0 
"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
"""""""""" 

0 

0 

0 
"""""""""" 

FROM I N I T I A L  THRUST 
DIRECTION AND ENGINE 
BELL  TRIM ANGLES 
COMPUTE-PREFERRED 
IMU  ORIENTATION: 

X = UNIT 
-SM 

Y = UNIT 
-SM 

0 

0 

0 

0 

0 

0 

a 
a 
0 

0 

0 

0 

0 

0 
"""""""""" . KEY I N '  PROCEED 

aooaoootoo..ooooomoo V33E 
0 """""""""" 

Z =UNIT 
-SM 

( X  ) 
-CSM 

WHERE: 
X 8 THE CSM X AXIS 
-CSM AT IGNITION 

(AT THE  PRE- 
FERRED VE- 
HICLE  ATTI-  
TUDE I 

R = THE GEOCENTRIC - RADIUS VECTOR 
AT TIGo 

STORE  FOR USE BY 
SUBSEQUENT COCIPUTA- 
T IONS. 

PIO/CSM2%278 

1f220 

#230 

#240 

Y250 

#260 

Y270 



0 

"""""""""" 

COMPUTE  GIMBAL 
ANGLES AT THE 
PREFERRED VEHICLE 
ATTITUDE IF THE 
PRESENT IMU 

THE  PREFERRED VEHI- 
CLE ATTITUDE IS DE- 
FINED AS FOLLOWS: 

ORIENTATION IS HELD. 

ENGINE THRUST AXIS 
IN DIRECTION OF 
INITIAL  THRUST 
VECTOR 

Y = UFiIT ( X  X R) 
-CSM -CSM - 

THIS IS A WINGS 
LEVEL9 HEADS UP 
ATTITUDE AS SEEN 
FROiJl THE  COUCH 
LOOKING OUT  ALONG 
THE +X AXIS 
"""""""""" 

e 

"""""""""" 

SET  PREFERRED 
ORIENTATION FLAG 
"""""""""" 

-. 
e 

"""""""""" 

FLASH VERE-ROUN TO 
REQUEST RESPONSE AND 

* ANGLES THAT WILL 
* * * o o o * o *  DISPLAY  THE GIMBAL ***..*o*o.o*o*oseeea 

HOLD EXIST AT THE  PRE- 
FERRED VEHICLE 
ATTITUDE IF THE PRE- 
SENT IMU ORIENTATION 
IS HELD: 

V06 N17 
R1-OG ROLL 
RZ-IG PITCH 
R3-MG YAM 

"""""""""" 

MONITOR D5K.Y : 
OBSERVE VERB-NDdN 
FLASH  TO  REQUEST 
RESPONSE AND  DISPLAY 
OF GIMBAL ANGLES AT 
THE  PREFERRED 
VEHICLE ATTITilOE 
"""""""""" 

e 

e 

"""""""""" 

#280 

$290 

#310 

Y320 



/UL 
. .  P4O/CSM2/278 

ALL GIMBAL ANGLES 
I N  DEGREES TO 

NOTE  THAT ALL GIYBAL 
ANGLES riILL E€ ZERO 
I F  THE IlriU IS ALIGNED 
TO THE PREFERREU 
OR I ENTAT I ON. 

NEAREST 001 DEG. 

"""""""""" . . . 
"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

RECORD THESE  ANGLES 
FOR POSSIBLE LATER 
USE BY CREW  FGR 
MANUAL  MANEUVER 
OPTION ABOUT THE 
THRUST  VECTOR DURING 
ATTITUDE MANEdVER 
ROUTINE (R60) 
""""""""". . . . . . . 

0 
"""""""""". 
I S  MIDDLE  GIMBAL. 
ANGLE  GREATER, THAk 
45 DEGREES? 

.Y .N 
"""""""""" 

. . . . 
""""I" . SELECT CSM/ I Y U  

*.s..e...o......e... REALIGN PROGRAM . (P53) OR IMU REA- 
LIGN PROGRAM . 
(P52). KEY I N  . 

V37E  53E . 
(OR 52E) 

WHEN P53 OR P52 
IS COMPLETE . 
RESELECT P40 . 
""""*"" . . . . 

e . """""""- . 
GO TO PROGRAM . 
SELECTED . 
"""""""" . 

* '  . . . ... . . . 
EXIT  P40 . . . 

0 . . . . . . . . . . 

#330 

f 3 4 0  

t350 

6360 

f370 



"3"""" 0 

ADVISE  CitEd 
v l I T H I N  

DO I WISH TO 4ACE 

GZOUND 
CAPABILITY 

MANEUVER d I T d  THE 

"""""""""" 

o o o o s * o o  THE THRUSTING 

PRESENT I M l l  3RIENTA- """""_ T I  ON? 
CONS I DER : 

( A )  THE TIME SINCE 
THE LAST FINE 
ALIGNMENT DF-THE 
I MU. 

(6) I S  TIME 
CRITICAL? 

(C) IS RCS FUEL 
CRITICAL? 

(D) DOES THE 
GROUND  CONCUR WITH 
THE THRUSTING 
MANEUVER  AT THIS 
ORIENTATION? 

mN O Y  

"""""""""" 

0 

0 

"""""""" 

0 SELECT CSM/IM;I 

0 (P53) OR IMU RE&- 
* * * * * . * * * o * ~ o o o o o * o s  REALIGN PROGRAM 

LIGN PROGRAM 
(P52)o KEY I N  

V 3 f E  53E 

0 

0 

0 

(OR 52E) 
WHEN P53 OR P52 
IS COMPLETE RESELECT P40 """"""""_ 0 

0 

0 

c 
e.. 0 

EXIT  P40 

P40/CSM2/270 

Y3BO 

1390 

1400 

a410 

"3 



. . . . 
"""""""""" 

KEY IN PROCEED 
TERMINATE FLASH UPON .............w.m...~ V 33 E 
RECEIPT OF PROCEED . 
OR NEW PROGRAM 

P. .NEW 
2. .PROGRAM 
0. 
C. GO TO  PROGRAM 
E. SELECTED 
E. 
D. 

"""""""""" 

"""""""""" 

""""""_ 
""""" . . . ... 

0 . . EXIT P40 . . . 
""""""""" 

EXTRAPOLATE  STATE 
VECTOR  TO  TIG - 30 
SEC 
"""""" 

8 . """""""""_ 
STORE  DESIRED ATTI- 
TUDE  SPECIFICATIdN 
(TRIMMED  ENGINE B E U  
CENTER  LINE IN  DI- 
RECTION  OF  INITSAL 
THRUST1 FOR USE BY 
ATTITUDE  MANEUVER 

FINAL  ATTITUDE  dILL 
BE COMPUTED  DURING 
R60r AND  WILL  POINT 
THE TRIMMED  ENGINE 
BELL IN THE  INITIAL 
THRUST  DIRECTIOho 
HOWEVER* IN ORDER 
TO  CONSERVE  RCS  FUEL 
AND  NOT  CONSTRAIN 
THE NON- CRITICAL 
ROLL  ATTITUDE9 WINGS 
MAY NOT BE LEVEL IN 
THE  COWPUTEO FIlvAL 

ROUTSNE (R6O). THE 

ATTITUDE. 
"""""""""" . 

8 . 
W . . . 
e . 

#440 

Y460 



. . . . . 
RESET TRACK FLAG 

I F  AN ATTITUDE 
MANEUVER  TO THE 
PREFERRED  RENDEZVOUS 
TRACKING ATTITUDE IS 
I N  PROCESS3 I T  WILL 
BE TERMINATE0 AT 

"""""""""" 

(SEE P20). 

THIS POINT. 
"""""""""" . . . 
"""""""""" 

SET 05 DEGREE 
DEADBAND I N  RCS  DAP. """""""""_ . . . 
"""""""""" """""""""_ 
ROUTINE tR60) 
DO ATTITUDE MANEUVER ......+....m.o~..... DO ATTITUDE MANEUVER 

ROUTINE (R60) 
"""""""""" """""""""" . . .......... 

0 .  . 
0 .  . 

"""""""""" 

HAS CNCS A/P AND . 
AUTO  MODE BEEN SE- . 
LECTED? 
"""""""""" 

.Y . . . 
P05S . 
HOLD 
.......... . . 

.N 
* . 

"""""""" 

FLASH VERB-NDUN 
TO REQUEST 
PLEASE PERFORM 
GNC A/P AND AUTO 
MOD€ SELECTION: 

V50 N25 
R1-000" 
R2-BLANK 
R3rBCANK 
"""""""" 

. . . . . .................... . . . . . . . . 

. 
C""""""""" 

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REPUEST 
PLEASE PERFORM 
GNCS A/P AND AUTO 
MODE SELECTiON """""""""_ . . . 
""""""*""" 

HAVE REQUESTED MODES 
BEEN SELECTED? .. " ,.". __ .. I . . .  
"""""""""" 

.N .Y . . . . . . . . . 

P40/CSM2/278 

Y480 

Y490 

Y500  

#510 

# 5 2 0  

t530 



/.rG 

_1 . ... 

"""""""""" 

FLASH VERB-NOUN  TO a 

FORM ENGINE  GIMBAL . 
DRIVE TEST ENABLE 

REQUEST PLEASE PER- .................... 
V50 F(25 
R1-XXXXX 
RZ-BLANK 
R3-BLANK 
"""""""""" . . 

a . . . . . 
"""""""""" 

MAIT FOR KEYBOARD a 
ENTRY .................... 

a 

. . 
e a 
a . 
a . 
a . 
a a 

SET A/P CONT2DL a 
SWITCH TO GNC 
AND MODE SWITCH 
TO AUTO e 

""""""" 

""""""". 
a . . . 
a . . e 

""""""" 

KEY It4 ENTER e 
""""""". 

a . . """""""""_ 
KEY I N  PROCEED 

V33E 
"""""""""" 

1540 

l550 

1560 

"""""""""C 

MONITOR DSKY 
OBSERVE VERB-NOJb 
FLASH TO REQUEST 
PLEASE PERFORH 
ENGINE  GIMBAL DRIVE 
TEST ENABLE 
"""""""""" . 

a . 
"""""""""" 

SHALL I ENABLE 
GIMBAL  DRIVE TEST? 

.N .Y 
"""""""""" . . . . 
""""""" 

KEY I N  PROCEED 
V33E . 

""""""" . . . 
a 
a . . 
a 

t570 



0 

.N . . . 
POSS . . 
HOLD 
.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . 
TERMINATE  FLASH UPON """""""""" 

RECEIPT OF PROCEEO ...................... KEY I N  ENTER 
OR ENTER . 
.P .ENTER . 
O R  e . 
.O . . 
.C 

"""""""""" 

"""""""""" . 
""""""- """""""""" 

.E PERFORM MONXTOR GIMBAL  DRIVE 

.E GIMBAL  DRIVE .................... BY REFERENCE TO 
O D  TEST ANALOG DIALS . . . . . . 1 

""""""_ """""""""" 

"""""""""" 

IS TIME TO  GO TO 
ENGINE IGNITION LESS 
THAN 45 SECONDS? 
"""""""""" 

.Y . 
"""""""" 

FLASh VERB-NOUN 
TO REQUEST  RES- 
PONSE AND DIS- 
PLAY ALARM CODE 
TO INDICATE THAT 
IGNITION  TIME IS 
LESS THAN 45 
SECONDS AYAY: 

V05 N 3 1  
Rl- 
R2- 
R3- 

"""""""" . . . . . . . . . . . . . . . . . . . 

"""""""""" 

MONITOR DSKY: 

FLASH TO REWEST 
.................... DOES VERB-NOUN. 

RESPONSE AR)D DISPLAY 
OF ALARM CdbE INDI -  
CATE THAT ChECKLiST 
HAS NOT BEEN COM- 
PLETED ON TIME? 
"""""""""" 

.Y .N . . . . . . . . . . . "-"""""" 
REFER TO TTE . 
CLOCK  AND . 
MANEUVER RULES. 
SHALL I S L I P  0 

ENGINE IGNITION 
TO 45 SECONDS 
FROM TIME I DE- 
PRESS ENTER K f Y  
AT THE COMPLE- 
TION OF A PRO*. 
CEED INSTRUC- 
TION? 8 

.N .Y . """""""- . . . . . . . . . . . . . . 

Y590 

Y 6 1 0  

#630  



0 

0 

0 

0 

0 

0 
"""""""" 

W A I T  FOR KEY- 
BOARD  ENTRY 

TERMINATE FLASH "C"""""" 

UPON RECEIPT OF o o o o o o o o o o o o o o o o o o o o  KEY I N  TERMIN-. 
ENTER OR 0 

TERMIMATE 
ATE 

V34E 
"""""""" 

OP *TERMINATE 
OR e 
00 0 

O C  0 

*E 
*E 
OD 
0 0 

0 0 

0 0 
""""""" 

FLASH VERB-' o o o ~ o o o o o o o o o o e e o o o m  
NOUN TO RE- O 

WEST PLEASE 
PERFORM  SELEC- 
TION OF CMC 
IDLING PROGRAM 

0 PO0 
V50 NO7 
R1-00000 
R2-BLANK 

s . R3-BLANK 
""""""" 

0 0 

0 0 

0 0 
""""""" 

YAIT FOR KEY-- 
BOARD ENTRY 

""""""" 

0 

0 

0 

0 

0 

0 .  

e 
0 

0 """""""- 
MONITOR DSKY : 

NOUN FLASH TO, 
REQUEST PLEASE 

TION OF PO0 

OBSERVE VERB-. 

PERFORM SELEC-, """""""_ 
0 

e 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

TERMIFlATE """"""" 

e FLASH UPON 0 .  

RECEIPT OF 
KEY I N  REQUEST, 

REQUEST FOR 
~ ~ o ~ ~ e o ~ o o o o o o o o o o o o  FOR NEU PROGRAM 

NEW  PROGRAM 
V37E --E 0 """""""_ 

""""""" 

Y 6 5 0  

1660 

1670 

1680 

1690 



. . . . . . . . . . . 
""""""" . TERMINATE P40 
AND GO TO 
PROGRAM SELE- 
CTED 
""""""" . . . . . . . 0..  . . 

EXIT  P40 . . """""""_ 
ESTABLISH NEW 
T I C  EQUAL TO 
PRESENT TIME 
PLUS 45 SECONDS 
"""""""" . . . 
"""""""" 

EXTRAPOLATE 
STATE VECTOR 
TO T I G  - 30 SEC 
"""""""" . . . """"""""""_ 

DISPLAY ON DSKY: . 
V06 N51 ....*.e.....***.**.. 
R 1  - T T I  . 
R2 - VG 
R3 - DELTA Jd 

T T I  - TIME TO GO TO 
SPS IGNITION. I N  
MIN, SEC TO NEAR- 
EST SEC.  MAX 
READING I S   5 9  59.  
SIGN I S  + BEFORE 
NOMINAL TIG9 - 
THEREAFTER 

VG - MAGNITUDE 3F  THE 
VELOCITY TO BE 
GAINED BY THRUSTIdIS 
MANEUVER. IN FPS 
TO NEAREST 0 1  FPS 

. . . . . 
GO TO  PROGR4M 
SELECTED 

"""""""- 
"""""""- . . . . ... . . . 

EXIT  P40 . . . . . . . . . . . . . . . . . . . 
0 . . 

"""""""""" 

MONITOR DSKYlr 
OBSERVE DISPLAY OF 
T T I  AEtD VGm 
"""""""""" . . . . 
"""""""""" 

UPDATE TTE CL3CK 

WILL NOT  AGREE rJITH 
DSKY R 1  I F   I S Y I T I O N  
HAS BEEN SLIPPED 

IF DESIRED. CLOCk 

"""""""""" . . . . . . . . . . . 

Y700 

t710 

Y720 

e 7 3 0  . 

Y740 

Y750 



DELTA VM-MEASURED 
DELTA V MAGNITUDE 
I N  FPS TO NEAREST 
e 1  FPSe THIS 01s- 
PLAY WILL BE 00000 
UNTIL ULLAGE I S  
STARTED. """-"""" 

0 

e 
e ""-"" 

CALL AVERA6E G 
INTEGRATION ON AT 
T I C  - 30 SEC -"""" 

0 

e 
e 
0 

e 
0 

e 

e 
e 
0 

e 
e 

0 

e 
0 

e 
e 
e 
0 

e 
0 

0 

e 
e 
0 

0 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
a 
e 
e 

e 
e 
e 

0 

0 

0 

0 

0 

0 

0 

0 

e 
0 

0 

0 

e 
"""""" 0 

LOAD VG INTO 
SCS DELTA V 
REMAINING COUNTER 
""""""" 

0 

0 

0 """""""""_ 0 
~ 

CHECK STATUS OF C/W 
LAMPS """""-"""" 

e 
0 

e 
""""C""""" 

MONITOR DSKY: 
AT TTIt30 SEC 
OBSERVE DISPLAY OF 
DELTA VM I N  R3 
""""""""" 

e 
e 
e 

"""""""""" 

I N  THE PERIOD FROM 

T T I  = 25 SEC 
DOES DELTA VM. 8ECOnE 

INDICATING  EXCESSIVE 

T T I  .= 30 SEC. UNTIL 

GREATER  THAN 02-  FPS 

PIPA BIAS ERROR. 
""""""""" 

ON e V  
e 
e 

0 

0 

0 

0 

""""_. 
GO TO BACKUP 

0 PROCEDURES 
0 

0 

0 ,  

0 

0 

0 

0 

""""""_ 

e 
0 

0 

0760 

1770 

1790 

1800 



a 

TEMP ......... 
HOLD 

. . . . . 
"""""""""" 

UPON RECEIPT OF SPS  SPS  READY 
READY DISCRETE COM- DISCRETE 

LAT  ION . MAND 2 JET +X TRANS- m.mmmmmmmm..em.m..mm 

"""""""""" 

e . . . . 
0 . . 
0 . 
0 

. 
4 . 
0 . . . 

"""""""""" 

AT T T I  = 10 SEC 
DRIVE SPS ENGINE . 
BELL TO TRIM PO- ..................... 
SITION . 
"""""""""" . . . 
"""""""""" 

AT T T I  = 5 SEC 
CrlANCE VERB-NOUN  BUT . 
RETAIN PRESENT DIS- .................... 
PLAYS IiJ R l r  R29  R3r . 
FLASH VERB-NOUN TO 
REQUEST PLEASE 
PERFORM ENGINE ON 
ENABLE: 

V50 N11 
R 1  - T T I  
R2 - VG 
R3 - DELTA VM 

"""""""""" 
0 

0 

a 
a 

0 

0 

a 

. . . . . 
"""""""""" 

AT T T I  = -- SEC  MOVE 
MAIN PANEL  N3ilMAL 
/OFF/ DIRECT 3N 
SWITCH TO NORMAL 
WHICH SIGNALS SPS 
READY AND MONITJR 
START OF + X  TRANS- 
LATION. 
"""""""""" . . . """""""""- 
MONITOR  DSKY: 
WAIT UNTIL  DELTA VM 
DISPLAYED IS GREATER 
THAN OR EQUAL TO-- 
FPS  INDICATING 

REWIRED ULLAGE 
DELTA V IS A 
FUNCTION OF VEHICLE 
WEIGHT. 

SUFFICIENT ULLAGE. 

"""""""""" ~ ~ ~~~ . 
0 . . . 

"""""""""" 

OBSERVE D I A L  IIUDICA- 
TION OF ENGINE  SELL 
DRIVING TO T R I M  
POSITION 
"""""""""" . . 

0 
"""""""""" 

MONITOR  DSKY: 
OBSERVE VERB-NOM 
FLASH TO REPJEST 
PLEASE PERFO3M 
ENGINE ON ENABLE 
"""""""""" 

Y810 

Y830 

0860 



1 . . 
"-"0"""""" 

M A I T  FOR KEYBOAitD 
ENTRY 

. . . 
"""""""""" 

SHALL I PERMIT 
I G N I T I O N ?  """""""""_ 

ON .Y 
0 

0 

0 . """""""" 

..m..*..o..o.o......~~~ KEY I N  ENTER. 
"""""""" 

0 

0 

0 . 

.E .TERMINATE 

.N . 

.T . 

.E . 

.R . 
0 

* . """""- 
FLASH VERB-NOUN 
TO REQUEST 
PLEASE PERFORM 
SELECTION OF CMC 
I D L I N G  PROGRAM 
( P O O )  : 

V 5 0  NO? 

-"""""". . . 
0 

0 

-0  . . . . . . . 
"""""" 
MONITOR DSKY: 

NOUN FLASH TO 
REQUEST PLEASE 
PERFORM SELEC- 
T I O N  OF P O 0  

OBSERVE  VERB-- 

R1-OOO& 
RZ-BLANK 
R3-BLANK 
""""""" 

0 

0 

""""""" 

WAIT FOR KEY- 
BOARD  ENTRY 

TERMINATE FLASH 
UPON RECEIPT OF 
REQUEST FOR NEU 
PROGRAM 
"""""""" 

* 

0 . 
0 

0 

. 
m 
0 

"""""". . 
0 . . 
0 

0 

"""""" . 
KEY IN REOilEST 
FOR NEW 

0 PROGRAM *.....*...**.**....* V37E--E . "I""""" 

0 

m 
0 . . 0 

GO TO PROGRAM 0 

"-""""". ~ 

SELECTED 
""""""" * 0 

0 

0 . 
* . 
0 . 
e 

Y870 



e 
e e 
e 0 

e e 

e 0 
"""""""" 

GO TO PROGRAM 

"""""""" 

e e 
e e 

e 0 . .  

e e 

SELECTED 

e EXIT P 4 0  
e 
e 
e 
"""""""""" 

IS TTI GREATER  THAN 
ZERO 
"""""""""" 

eY .N 
e e 

0 e 
0 e 
e e """""""_ 

WAIT UNTIC 0 

TTI =O 0 """""""_ 
e e 

e 0 

0 e 
0 0 

e e 
e 0 

0 e 
e 0 

0 e 
e e 

"""""""""" ~ 

COMMAND SPS ON 
",""""""""" 

e 
e 
e 

"""""""""" 

SdITCH FROM RC5 DAP 
TO TVC DAP 
"""""""""" 

e 
e 
e 
e 

e 
e 

"""""""""" 

dAIT UNTIL DELTA V 
MONITOR DETECTS 
5PS ON 

. 
e 
e 
e 

e e 
e e 
e e 
e e 
0 e 
e e 
e e 

* * e  e 
e 0 

EXIT P 4 0  e 
e 

e 
e 
e 
e 

e 
"""""""""" 

MONITOR DSKY: 
IS R 1  DISPLAY OF TTI 
POSITIVE AND GREATER 
THAN ZERO7 
"""""""""" 

eY eN 
e 

t 0 """"""-"" 
STANDBY FOR 0 

THRUST ON 0 

WHEN TTI = 0 0 
""""""""C 

e e 
0 0 

0 0 """"""""_ 
STANDBY FOR 
THRUST ON 

e IMMEDIATELY """"""""_ 
e 0 

e e 

e e 
e e 
e e 
e . 
e 0 
"""""""""" 

HAS ENGINE IGNITED? 

mY mN 
"""""""""" 

e e 
e e """""""_ 

60 TU BAS~UP 
e PROCEDURES 

""""""" 

e 
e 

+ 
e 
e 
e 
e 
e 

PbO/CSM2/278 

# 9 2 0  

t930 

f940 

Y960 

C970 



0 . 
0 . 
0 

0 . . """""""- 
COMMAND +X ULLAGE 
TRANSLATION OFF ""-""""""" 

0 . 
0 . 

0 

0 . 
0 

0 

0 

0 . """""""""_ 
MONITOR TERMINATION 

AFTER ENGINE 
IGNITION 

o o ~ o ~ o o ~ o e ~ o o o o ~ ~ m o ~  OF +X TRANSLAIIaN 

"-"""""""" 
""""""""" """""""""" 
CHANGE 111 DISPLAY 
TO TG I N  R 1  

MONITOR  DSKY: 
..o.o**..m..ooooo..* OBSERVE  CHANGE O f  

V06 N51 T T I  DISPLAY TO. TG I N  
R 1  - TG m .  

R2 - VG 
R 3  - DELTA VM 

TG - TIME TO GO TO 

I N   M I N  AND  SEC TO 
ENGINE CUTOFF. 

NEAREST  SECo 
"""""""""" 

KA 
"""""L"""" 

0 . . 
0 . . 
0 

0 

0 . 
0 . 
0 

""""""""" 0 

MONITOR  SPS 
THRUSTING: 
10 DSKY: 

R 1-TG 
SHOULD BE 
DECREASING 

R2-VG  SHOULD BE 
DECREASING, 

R3-DELTA VM 
SHOULD INCREASE 

20 FDAI-ATTo ERROR 
SHOULD BE LESS. THAN 
OR EQUAL TO  "DEGREE 
AT1 RATES SHOULD BE 
LESS THAN OR EQUAL 
TO -- DEGREE/SEC. 

t980 

f990 

11000 

t l O l O  

t1020 



. 
e . 
e . . . 
e . 
e . . 
e 
e . . . 
i . 
e 

e 
e 
e 
0 . . 
e . . 
e . 

"""""""""" 

CMC  COMMANDS ENGINE 
OFF WHEN INDICATED 
BY CUTOFF  EQUATION 
"""""""""" 

e 

e 
e 

"""""""""" 

%ITCH FROM TVC DAP 
TO RCS DAP 
"""""""""" 

e . 
e 

"""""""""" 

ZERO RENDEZVOUS 

COUNTER 

3. SPS CHAMBER 
PRESSURE (PC) 
SHOULD BE NORMAL 

N. .Y 
"""""""""" 

e e 

e 
.em... e 
e e . 
0 0 
-"""""i"""" 

e MONITOR DSKY: 
e AS  TG AND VG 50 TO 
e ZERO THRUST SttOULD 
e CUTOFF 

e N e  .Y 
""""""""" 

eeem.. . 0 

e e . 
e 0 e 
"""""" 

GO TO BACKUP e 
PROCEDURES e 
"""""" e . 

e . 
e 
e . . . 
e 

0 . 
s 

MOVE MAIN PANEL NOR- 
MAL/OfFJDXRECT 3N 
W I T C H  TO OFF* 

"""""""""" 

"""""""""" . 
e . 
e . . . 
e 
e 
e 

e 
0 . 
e 

Y1030 

* 1040 

#lo50 

#lo60 

#lo70 



Mz 0 0 

0 .  

0 
"I-""""" 

MASNTAIIY VG 
COWJTATIONS AFTER 
CUTOFF  FOR POSSIBLE 
NULLING 6Y RCS 
TRIMMING MANEUVER 
"""""""""" 

0 

0 

"""""" 

SET MAX DEAOBAND 
L I M I T S   I N  DAP """""""""_ 

0 

0 

0 0 

.oooomo.t ---------------- 
HOLD fLASH VERB-NOUN TO 

REQUEST  PROCEED. 
HOLD DISPLAY OF TG 
AT I T S  VALUE AT 
ENGINE CUTOFF. 

V06 N51 
R l  - TG 
RZ - VG 
R 3  9- DELTA VM 

"""" 

0 

0 

0 ""---"""" 
WAIT FOR KEYBOARD 
ENTRY 

- 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 .  

0 

0 

0 

0 

0 

""" 0 

MONITOR DSK'Y: 

FLASH TO. REQUEST 
o o o o o o o o o o o o o o o ~ o o o o  OBSERVE VERB-NOM 

PROCEED  AND .DISPLAY 
Of TGt VC AND DELTA 
Vf4. 
"""" 

0 

0 

0 

0 

0 "-""""" 0 

CONS IOER I NG MAG#J- 
TUDE OF VC DD. i IdlW 
TO MAKE A FINAL 
TRIMING THRUSTING 
MANEUVER  WITH,  THE 
RCS? 

f1080 

11090 

11100 

11110 



* . . . . . . . . . . ...................... "*.. 
b . . . 

TERMINATE  FLASH UPON . 
RECEIPT OF PROCEED b 

OR  NEW  PROGRAW . 

. . . 
""""""_. 
KEY I N  RE- 
QUEST FOR 
THRUST1 145-RCS 
PROGRAY (P41)  

V37E  41E """"""- 
. 

.a. 
"""""""""" 

P. b 

R. .hEk 
0. PROGRAM 
C. . 
E. . 
E. 
D. GO TO PRO" 

""""""_ 
. GRAM SELECTEO . . b . . ..a . . 

""""""_ 

. EXIT  P40 

. . . EXIT  P40 . . . . . . 

. . . . . . . . 
""""""" """""""" """"""""" 

RESET STEER TRANSMIT ORBITALaaaa*RECEIVE  ORBITAL DATA 
LAd FLAG DATA TO  CREW . """""""_ """""""" . . . 
"""""""""" . 
DO ORBITAL PARAMETER mmmmmme.mamaaa.emam* 
DISPLAY  ROUTINE . 
(R30) 
"""""""""" . . . 
""""""""I" 

IS RENDEZVOUS FLAG 
SET? 

.N * Y  
"""""""""" 

8 . . . 
C""""""" 

SET TRACK FLAG 
(SEE PZO) 
"""""""" . . . . . . 

* . . 

Y l 1 3 0  

Y1140 

Y1150 

FROM GROUND 
"""""""""" . . 
"""""""""". 

DO ORBITAL PARAYETER 
DISPLAY ROUTINE 
(R30) 
"""""""""" 

. . 
"""""""""" 

I S  RENDEZVOUS 
NAVIGATION PROGRAM 
(P20) I N  PROCESS? """""""""_ 

.Y .N 
* . . . . . . . . +1180  
b . . . 
b . . 0 . P4O/CSM2/278 . b 

Y1160 

Y1170 



. .  . 
a . . . . . 

"""""""" ~ 

SET  UPDATE FLAG 
(SEE P20) 
"""""""CI . . . """""""- DISPLAY P20 . .................... 
"""""""" . . ... . 

. 
EXIT  P40 

-"-"""""""" 
FLASH VERB-NOUN  TO 
REQUEST PLEASE 
PERFORM SELECTION OF 
CMC IDLING PROGRAM 
f PO01 

V50 NO7 
Rf-00000 
R2-BLANK 
R3-BLANK 

"""""""""" . . . """""""""_ 
WAIT FOR  KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF REQUESJ 
FOR NEW PROGRAM 
"""""""""" . 

a . . . . . . 
. . . 

. .................... . 

. . . . . . . . . . . . . 
"""""""C . 
MONITOR DSKY: 
OBSERVE DISPLAY 
OF P20 UPON 
COMPLETION OF 
RENDEZVOUS  BURN """""""- . . 

0.. . 
EXlT  P40 

"""""""""" . 
MONITOR  OSKY: 
OBSERVE  VERB-NOUN 
FLASH TO  REQUEST 
PLEASE PERFORM. 
SELECTION OF PO0 
"""""""""" . . . . . . 

. KEY I N  REQUEST  FOR 
"""""""""" .................... NEW  PROGRAM . """"""""".. . 

i """""""""- . 
GO TO PROGRAN; 
SELECTED. 
"""""""""" . ... . 

EXIT P40 

41190 

rrzoo 

f l 2 1 0  

, 

I 

! 

I 

/ I  
1 
! 

I 

! 

I 

Y1220 

41230 

a . . 0 
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4POLLO COMPUTER 

RCS PROGRAM (P411 

LOG I C  CHECK .LIST  INTERF ACE 

REV 12 1 0 / 3 1 / 6 6  

PURPOSE; (1) TO  COMPUTE A PREFERRED IMU  ORIENTATION AND A PREFERRED VEHICLE  ATTITUDE FOR  AN  RCS THRUSTING MANEUVER. 

( 2 )  TO CALCULATE AND DISPLAY THE GIMBAL ANGLES NHICH MOULD RESULT FROM THE PRESERT IMU  ORIENTATION I F  THE VEHICLE 1s 
MANEUVERED TO THE PREFERRED VEHICLE  ATTITUDE FOR  AN 2C5 THRUSTING MANEUVER. THE CREW 15 THEREBY GIVEN AN OPPORTUNITY 
TO PERFORM THE MANEUVER WITH: 

( A )  THE PRESENT IMU  ORIENTATION (NOT RECSMMENDED I F  MIDDLE  GIMBAL ANGLE IS GREATER THAN 45  DEGREES)* I F  THE 
IMiJ HAS NOT BEEN  ALIGNED  WITHIN  THE  LAST "HRSI REALIGNMENT I S  DESIRABLE. 

( 8 )  THE NOMINAL It iU  ORIENTATION ( B Y  SELECTI3N OF P53 9R P521 

(C) THE PREFERRED IMU  ORIENTATION (BY SELECTION OF P53 OR P52)  

( 3 )  TO  DO THE VEHICLE MANEUVER TO THE THRUSTING  ATTITdDE.  (THE  VEHICLE  ATTITUDE MANEUVER IS DONE CONCURRENTLY WITH  IMU 
REALIGNMENT I F  P53 IS USED.) 

(4) TO CONTROL  THE  GNCS DURING COUNTDOWN, IGNITIDN, THRUSTING9 AND THRUST TERMINATION OF A GNCS CONTROLLED  RCS 
MANEUVER. 

(5) TO PROVIDE  CqPABILITY FOR RAPID  TRIMMING OF RESIDUAL  STEERING ERRORS LEFT AT SPS CUTOFF. 

( 6 )  TO PROVIDE  SUITABLE  DISPLAYS  FOR'MANUAL  EXECUTION IFC THE ATTITUDE HOLD MODE. 

ASSUMPTIONS: (1) THE TARGET PARAMETERS HAVE BEEN CALCULATED AND STORED I N  THE CMC BY PRIOR  EXECUTION OF A  PRE-THRUSTING PROGRAM. 

( 2 )  THE REQUIRED  STEERING  EQUATIONS ARE IDENTIF IED BY THE PRIOR PRETHRUST PROGRAM9 WHICH SET EITHER  THE LAMBERT OR 
EXTERNAL  DELTA V STEERING FLAG. 

( 3 )  I T  IS NORMALLY REQUIRED  THAT THE 15s BE Oil FOR  ONE  HOUR PRIOR TO A THRUSTING MANEUVER. 

(4) THE TTE CLOCK IS SET TO  COUNT  TO  ZERO AT  TIG. 

( 5 )  THE GNCS START-UP PR3GRAM (PO51 AND THE IMU  ORIENTATION  DETERMINATION PROGRAM (P51)  HAVE  BEEN COMPLETED BEFORE 
SELECTIOh OF THIS  PROGRAM. 

( 6 )  ENGINE IGNIT ION MAY BE  SLIPPED BEYOND THE ESTABLISHED  TIG I F  DESIRED BY THE CREW. 

( 7 )  I N  EVEFIT  CONTROL I S  TAKEN FROM THE GNCS THE CMC I S  ONLY RESPONSIBLE  fOR COMPUTATION OF POSITION  AkD  VELOCITY. 

( 8 )  THIS PROGRAM I S  SELECTED BY THE 4STRONAUT 6Y DSKY ENTRY AT LEAST 5 MIN.  BEFORE THE ESTIMATED  TIME OF IGNITION. 

( 9 )  THE DOCKED CONFIGURATION OF THE VEHICLE(S) HAS 6 E E &  MADE KNOWN  TO THE CMC BY THE APPLICABLE  DISCRETE;: 

( A )  CM ALONE - BY CM/SM SEP DISCRETE 

(a )  csi.r - BY ND CMISM SEP DISCRETE OR LM DOCKED DISCRETE {BACKED UP BY v--1 

(C) CM/CSM - BY LM D3CKED  DISCRETE.  (EACKED JP BY V--1 
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0 a 
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"""""""""" 

rlAIT  FOR KEYBOARD ma 
ENTRY 

""""""" 
0 

a a o a ~ o ~ a a a a a o a a o o a a o  KEY I N  PROCEED a 
a. V33E a a 
a a """"""" 

a 
a 

8 a 

a 
a a 

TERMINATE  FLASH UPON om 

RECEIPT OF PROCEED a a o ~ o ~ ~ a o a a a a a o a ~ a o ~  KEY IN V25 AND LOAD 
"""""""""" 

OR NE4 DATA am THE DESIRED PARA- 
"""""""""" 

a P  .NEW. a 

aR .DATA a 
00 a a 
aC i 0 

.E -----------I 

.E STORE DATA 
aD ------------- 
a a 

. 
METERS a 
"""""""""" 

a a 
8 

a 
a a 

a a a a a a  

0 a 
0 a 

0 

a 
a 

I S  TRIM a 
FLAG  SET? ..aaa.a.a..aa 

"""" 

""""_ 
0 Y  ON 
a 
a 

o o o a  a a . o o o a a o e o a  .a. .a*aaa 
0 a 
a 

0 a a 
a a a a a 

P ~ S S  a FLASH VERB-NOUN TO 
"""""""""_ 

a a MONITOR DSKY: a 
0 * * * * * * * 0  REQUEST RESPONSE AND ~ o o o ~ ~ ~ o a o o a a a o o o o ~ o  OBSERVE  VERB-NOUN 
HOLD a a DISPLAY  OPTION CODE a 

a FOR  ASSUMED TRANSLA- 
a FLASH TO REQUEST RE- a 

a TION  AXIS: 
SPONSE AND DISPLAY 0 

a OF OPTION CODE  FOR 
a V06N-- ASSUMED TRANSLATION 
a R1-000-- a 

a 
a R2-0000X a """""""""" 

"""""""""" 

AXIS. 

0 R3-BLANK a 

R l  I S  THE OPTION 
CODE  FOR  ASSUMED 
TRANSLATION  AXIS. 

R2 I S  THE CMC ASSUM- 
ED  OPTION: 
00001 +x 
00002 -x 
00003 +Y 
00004 -Y 
00005 +Z 
0 0 0 0 6  -2 

"""""""""" 

a 
0 

0 

a 

0 

*llO 

tl20 

1130 

t140 

Y150 

$160 



0 .  . . . . . . . . . . . 
4 . . . . . . . . . . . . . . . . . . . . . . 
4 . . . . . . . . . . . . . . . . . . . . . . . . 
t . . . . . . . . 

. . . . . . 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
OR NEk AXIS CODE 

.P .NEW 

.R .CODE. 

.O . .c 

.E STORE KElJ 

.E AXIS  CODE 

.D 

""""""""" 

""""""_ 
""""""_ 

. . . . . . . . . . """""""-""- 
IS THE ASSUMED TRANS-. 
LATlON A X I S  C3RRECT7 1 

.Y et4 . """""""""" 

. . .  . . .  
"""""""". 
KEY I N  PR0CEE.D 

V33E 0 .  
"""""""" . 0 .  . . . . .  . .  """"""""- 

e. KEY IN V22 . .................... AND .... DESIRED . .. AXIS CODE IN R21 . . . . . . . . . . . . . . . . . """"""""""_ 
SET C=O IN STEER LAN 
AND COMPUTE INITIAL 
THRUST DIRECTION AND 
INITIAL VALliE OF VG 
VECTOR 
"""""""""" . 

0 . 
I . . . . 
0 '  . . . 
c . . . . 

""""""""_ . . . . . . . . . . ......... . . . . . . 

$170 

1180 

f190 

Y200 

. . . . 
0 . . . P41/CSM2/278 . 



. . . . 166 . 
-s 

. . 
"""""""""" 

POSS F L A W  VERB-NOUN TO 

HOLD D I S P L A Y  COMPONENTS 
C! ' ......... REQUEST  RESPONSE  AND 

O f  VG VECTOR AT  T IME 
OF IGNIT ION  RESOLVED 
ALONG VEHICLE AXES: 

V06 N-- 
R1- VGXtCSM) 
R2-  VGY(CSM1 
R3-  VGZ(CSM) 

VGX (CSM) * VGY (CSM) 

T'L 
3 
-: 

. 
VGZ(CSM)-THE COMPON- 
ENTS OF VG VECTOR AT 
T I G  RESOLVED ALONG 
PRESENT CSM X t  Y t  Z 
AXES  RESPECTIVELY- 
I N  F P S  TO  NEAREST 01 
FPSo 

~- - 

"""""""""" . . . . 
. . . . . . . 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . 
"""""""""" 

. . . . . . .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0 

. 

0 . . 
"""""""""" 

OBSERVE  VERB-NOJN . 
RESPONSE  AND 3 I S P L A Y  . 
"""""""""" 0 

MONITOR  DSKY: 

FLASH TO REQUEST 

OF VG COMPONElYTS . . . . 
. . . . """""""""_ . 

COMPONENTS ESTIMATE . BY COMPARJNG VG 

APPROXIMATE  THRUST 
D I R E C T I O N  AND AMWNT 
O f  ATTITUDE CHANGE 
ASSOCIATED  NITH 

EACH CSM AXIS. 

TRANSLATION ALONG . """""""""".. . . . . . """""""""- . 
SHALL I CHANGE A X I S  
OPTION TO MINIMLZE 
ATTITUDE MANEUVER? 

.N .Y 
"""""""""-0 . . . . . """""""- 

WAIT FOR KEYBOARD .. . 
ENTRY 

KEY I N  PROCEED. . . . .................... V33E .. . . """""""_ . 
0 . . . 

0 TERMINATE  FLASH UPON 0 0  """""""""" . . 
RECEIPT Of PROCEED .................... KEY I N  RECYCLE 
OR RECYCLE  V32E 
""""""""" . . .. 

.P ORECYCLE 
"""""""""" . 

.R . 

.O . 

.C 

.E . 
0 ............... 

.E 

.D . . . . . . . 
0 . . 

0 . . . . . ...... 
0 . 
0 . . . . . . . . . 

6 2  10 

f220 

f 2 3 O  

iU250 

iU260 I 

P 4 1 / C S M 2 / 2 7 8  ,' I 
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0 .  

e .  
e .  
0 .  

0 .  
"""""""""" 

e FROM  STORED I N I T I A L  
e THRUST DIRECTION 

COMPUTE  THE  PREFERR- 
ED IMU  ORIENTATION: 

e X = UNIT  (T)  
0 -SM 

. - 
Y +UNIT ( T  X R I  

e -SM " 

e . . Z =UNIT ( X  X Y e 
e -SM -5M -sw e 
e . 

UHERE: 0 

e UNIT (1) THE e 
I N I T I A L  . . THRUST . 

e DIRECTION 
e 

R = THE GEOCENTRIC - RADIUS VECTOR . AT TIG. 
0 

STORE  FOR USE BY 
SUBSEQUENT  COMPUTA- 
TIONS. 
"""C"""""".. 

0 .  0 . e . . 
"""""""""" 

COMPUTE GIMBAL 
e ANGLES AT THE 
PREFERRED YEHICLE 
ATTITUDE I f  THE 

e PRESENT IMU 

THE  PREFERRED 
VEHICLE  ATTITUDE IS 

ORIENTATION I S  HELD. 

. DEFINED AS FOLLOUIS: 

oa 

t270 

1280 

9290 

1300 

#310 



a a 
THIS I S  A MIWGS a 

a LEVEL9 HEADS  UP 
a ATTITUDE AS SEEN 
a FROM THE COUCH LOOK- 
a ING OUT ALONG THE +X 
a A X I S .  

a ( 2 )  AXIS CODE = a 
a 00003 OR 00004= 

( +  OR - Y ) :  

+ OR - Y = UNIT ( T )  a 
a -CSM 

- OR + 2 = UNIT  (T X R). 
a -CSM -, 

a THIS I S  A LOS LEVEL* a 
HEADS UP ATTITUDE 
AS SEEN FROM THE  CSM 

a LOOKING OUT ALOkG 
THE +Z AXIS. 

a 
a ( 3 )  AXIS CODE = 
a 00005 OR 00006= 
a ( +  OR - 2 ) ;  

a 

* 

a 
a 

a . 
a a 

a 
- a  

0 

a 
- a  

a 

a 
a 
a 
a 
a 
a 
a a 

+ OR 9 Z = UNIT ( T I  
a -CSM 0 .  

a 
+ OR 0 Y = UNIT ( T  X R). 

-CSM 0 -  -- a 
a 
a 
a 
a 

T H I S   I S  A WINGS 
LEVEL HEADS UP 
ATTITUDE AS  SEEN 
FROM THE CSM LOOKING 
OUT  ALONG  THE + E  
A X I S .  a 
"""""""""" 

a 

a 
a 
a 

a 
a 
a 

"""""""""" 

SET  PREFERRED 
ORIENTATION  FLAG 

a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

"""""""""" 

a 

1 

a . 

a 
e 
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. 
"""""""""" 

FLASH VERB-NOUN TO 
POSS REQUEST  RESPONSE  AND 
* . * * * * a * .  DISPLAY THE GIMBAL . ANGLES  THAT WOULD 

a 

. . . . . . . . . . . . . . . . . . . .  

HOLD EXIST A T  THE 
PREFERRED VEHICLE 
ATTITUDE I F  THE 
PRESENT IMU ORIENTA- 

4Y 

TION IS HELD: 
V06 N17 
R1-OG ROLL 
R2-IG  PITCH 
R3-MG YAW 

ALL GIMBAL ANGLES 
IN DEGREES  TO 

1 NEAREST a 0 1  DEG. 
NOTE  THAT ALL  GIMBAL 
ANGLES WILL BE ZERO 
I F  THE IMU IS ALIGN- 

ORIENTATION AND +X 
TRANSLATION WAS SEL- 
ECTED 
"""""""""* 

. 

* ED  TO  THE  PREFERRED 

"""""""""" 

dAIT FOR  KEYBOARD 
ENTRY 

* .  

. 

. 

. 

. 
1 

. . 
- 

"""""""""" 

MONITOR  DSKY: 
OBSERVE  VERB-NOilEi 
FLASH TO REQUEST 
RESPONSE  AND DISPLAY 
OF GIMBAL ANGLES  AT 
THE  PREFERRED 
VEHICLE  ATTITilDE 
WITH THE  PRESENT . 
IMU  ORIENTATION* 
IF THE IHU 15 AT  THE 
PREFERRED ORIENTA- 
TION THE MG ANGLE 
WILL BE  ZERO+ 
"""""""""" 

. . 
"""""""""" 

RECORD THESE ANGLES 
FOR POSSIBLE LATER 
USE BY CREW 

MANEUVER OPTION 
FOR  MANUAL 

ABOUT  THE I N I T I a L  
THRUST  VECTOR, 
DURING ATTITUDE 
MANEUVER ROUTINE 
(RbO) 
"""""""""" . . 
""""""""3" 

I S  MIDDLE  GIMBAL 8 

ANGLE  GREATER  THAN 
45. DEGREES  AFTER 
HAVING SELECTED + OR. 

(NOTE: I F  Y '  OR 2 

BEEN CHOSEN AND THE + 
MG ANGLE DISPLAYED 
IS EXCESSIVEv THEN 
I T  MAY BE REDJCED  BY 
ROTATION ABOJT  THE 
I N I T I A L  THRUST V E G  

-- x TRANSLATION? 

AXIS TRANSLATION HAS . 

. 

#370 

#380 

1c390 



0 

e 

e 
e 
0 

0 

e 

e 
e TOR  BY THE CREW US- e 
e ING THEIR MANUAL 
e MANEUVER OPTION 

e VERe 1 

e e Y  eN e 

e 
0 

e 
e 

hFTER  THE C M  SPECb e 
FIED ATTITUDE HANEU- e 

""-"I"""""- 

e 
e 

e 
e 
e 
e 

e 
e 

e *  
0 .  ""-"""" 

SHALL 1 RETAIN e e 

e PRESENT THRUSTING e e 
. e  AXIS SELECTION? e e 

e """""""" 

e Ne e Y  e *  
e *  
e *  

e 
0 

e e 
e e 

e "c-"""- 

e* SELECT CSWIWU e 

********.~ee.o.eeeee=oe REALIGN PRO- e e 
e GRAM (P53) OR- e e 
e IHU REALIGN e e 

e KEY IN: e *  
e V37E 53E 0 -  

e* 
e 
e e PROGRAM ( P 5 2 ) e  e e 
e 
e " 

e OR %!E 
e WHEN  COMPLETE e e 

RESELECT P41 

e *  

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

-. . .. . 

I430 

1460 

1470 



a 
a 

a 
a 

a ADVISE CREN 
a v l ITHIN 
a GROUND 
a CAPABILITY 
a """""-. 
a 
a 
a a a * a a  

a 

"""""_ 

c 
a 
a 
e 

a 

a 
a 
a 

a 
0 

"""""""""" 

DO I WISH TO CAkE 
o a a a * a a a  THE THRUSTIiVG 

MANEUVER k I T A  THE 
PRESENT IHU ORIENTA- 
T ION 
CONS I DER : 

( A )  THE TIME SIFiCE 
THE LAST FINE 
ALIGNMENT OF. THE 
IMUo 

(€3) IS TIME 
CR I T I CAL? 

(C) I S  RCS FUEL 
CR I T I CALI) 

( D l  DOES THE 
GROUND  CONCUR WITH 
THE THRUSTIHG 
MANEUVER  AT THIS  
ORIENTATION? 
"""""""""" 

mN a Y  
a a 

a a 

SELECT CSM/IM;1. 
REALIGN PROGRAM a 
(P53)  OR IMU, a 
REALIGN PRO-- a 

GRAM (P52)  a 

V37E  53E OR 52E a 

""""""""- 

KEY I N  a 

WHEN COMPLETE 
RESELECT P 4 1  e 

a """"""""_ 

1480 

Y490 

f500 



/ 2 2  

"""""""""" 

RECYCLE OR NEW 
PROGRAM 
"""""""""" 

mP m R  miJEH 
mR mE .PROGRAM 
a 0  m t  
* C  m y  """""" 
mE mC GO TO  PRO- 

* a €  mL GRAM  SELECT- 
mD mE ED 

"""""" 

* e m  
m a .  
* m a  m m m  
* m a  

E X I T  P41 
m m m  

* a m  

em """""""""" 

e 

e 

VtiX(LV)-COMPONENT OF 
Vci  AT T I G  ALONG 

e (RXVIXRm I N  FPS TO 
NEAREST -1 FPSm 

VSY(LV)-COMPOhEtuT OF 
VG AT TIG ALONG VXRm 
IN F P S  TO  NEAREST 
a 1  FPSm 

e VGZ ( L V )  -COMPOl?jENT OF 
VG  AT T I G  ALONG  -Re 
I N  FPS TO NEAREST 
a 1  FPSm 

w520 

1530 

f 5 4 0  

"""""""""_ 
MONITOR DSKY: 
OBSERVE  VERB-NOUN 
F L A S H  TO REQUEST 
RESPONSE  AND  DISPLAY 
OF VG COMPONENTS 

.~ - 

"""""""""" 

0 

RECORD  FOR P O S S I B L E  
FUTURE  TRANSWSSION 
TO  CSM OR GROllND 

"""""""""" 

"""""""""" 

Y550 

Y560  



WHERE R IS GEOCEN- 
TRIC  RADIUS VECTOR 
AND V IS VEHICLE 

4 INERTIAL VELOCITY 
VECTOR AT TIG. 
"""""""""" 

- """""""""" 
WAIT FOR KEYBOARD 
ENTRY 

4 

TERMINATE FLASH UPON 
4 RECEIPT O f  PROCEED 
"""""""""" 

"""""""""_ 
EXTRAPOLATE  STATE 
VECTOR TO TIG-15 SEC . """""""""" 
""""""""" 

4 

STORE DESIRED ATTIT- 
UDE SPECIFICATION 
(SELECTED TRANSLA- 
TION A X 1 5  I N  DIREC- 
TION OF INITIAL 
THRUST) FOR USE 0 Y  
ATTITUDE MANEUVER 
ROUTINE (R6010 THE 
FINAL  ATTITUOE HILL 
BE COMPUTED DURING 
RbO AND WILL POINT 
THE SELECTED TRAMS- 

* LATION AXIS IN THE 
INITIAL THRUST Dl- 

* RECTION. 
HOUEVERI IN ORDER TO 
CONSERVE RCS FUEL 
AND NOT CONSTRAIN 
THE NONCRITICAL ROLL 
ATTITUDE9 UINGS (OR 
LO5 IN THE CASE OF Y 
TRANSLATION) HAY NOT 
BE LEVEL IN THE COM- 
PUTED  FINAL ATTI-. 
TUDE. 

1 """""""""" 

. 

e 

e 

"""""""""" 

KEY IN PROCEED 
O * * * * * * * * . * O * * * . D * * *  V33E 

"""""""""" 

0 
P41/CSM2/278 
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f610 
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e 

m :  e P4l/cswz/z7a 

I . . -  * 

e 

e 
"I"""""" 

L4' RESET TRACK .FLAG 
Q; e (SEE PZO). AN ATTI- 

w PREFERRED .RENDEZYOUS 
P e. TUDE MANEUVER TO THE 

e TUACKIW ATTI TWEe 
e IF, ZN PROCESS, WOULD 
e BE! TERClINATED AT 
e THIS POINT. 

4630 

. """" 

e 

oeoeeeeo. 

"""" 
HONITOR DSKI: OBSERVE VERB-WUW 0 

FLASH TO REQLKST 
PLEASE PERFORM,  GNCS . 
A/P AND AUTO MODE . 
SELECT I ON "--" 

e 

e e 
e 

"""""" -""" 
e e AM 1 DPCDAPJYc m a  

~ ~-""""", 

e 
e 

e 
e 

e* e Y  



. . . . . . . . . . . . . 
a . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . 

. 0 .  . .. . 0 .  . .. . e .  .. """"""" 

DO I W I S H  TO 0 .  

ING MANEUVER 
PERFORM THRUS-. 0 .  

0 .  

MANUALLY 0 .  

.N Y. .. """"""" .. . 0 .  . . .. . ........ . . . 
"C""""""" 

SET ALP CONTROL 
SWITCH TO GNCS 
AI'JD MODE SW-ITCH 
TO AUTO """"""""- 

... ... ... .. 0 .. ... ... ... ... . . . . . . . . ... 
a. . ... 

"""""""" .* * ... ........................................ 
"""""""" . 
WAXT FOR KEY- 
BOARG ENTRY 

.. KEY I N  ENTER ... 
0 .  . ... 

"""""" 

SET  R/P . 
CONTROL . 
GNCS AND . ScfTCH.  TO 

MODE SWITCH 
TO ATTITUDE 
HOL3 . 
"""""" 

. . . . a . . . . . 0 . 

. . 
""""" 

KEY I N  PROC- 
EED 

V33E 
"""""" . . . 

0 '  . . . . . . . . . . . 
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I 76 

a . . . a 
a a a 

a a . 
a . 

"""""""""" a 

IS TRIM FLAG  SET? . 
a 

a Y  .N . 
a e a 
a a . 

T T I  <30 SEC? a . a Y  mN a 

"""""""""" 

"""""""" . 
"""""""" . 

a a . . 
a . a """"""_ . 

SET NEH T I G  a 
a EQUAL TO PRE- a a 

SENT TIME 0 

a PLUS 30 SEC . """"""_ a . . . a 
a a . 
a . a """"""- a 

a EXTRAPOLATE a 
a STATE VECTOR a 

TO TIG-15 SEC a . 
""""""* . . . a . 

a a . . 
a . a . 
"""""""" . 
CALL AVERAGE G . 

a INTEGRATION AND . 
VG UPDATE ON AT . 

a TIG-15 SEC . 
a """""""" . . a . a . 

a a a 
a 

a HAS HOLD MODE a 

BEEN SELECTED? . 
a 

a .Y *N . 
*. 

a . . 
"""""" a 

WAIT UNTIL  a . 
a T T I =   1 5  SEC a 
"""""" a 

a . . . 

"""""""" 

"""""""" 

a a 

. a a . . . 
a m m m a m  . a . .  . a a m  
a a . .  
a . a m  
a . a m  

a . . a m  

1740 

1750 

#7bO 

# 7 7 0  

Y 7 8 0  



m .  a 
a a a .  
0 a . .  
a a . .  
a . * a  
a . ""'""""""""* * a  

a a 0 

a a 0 

a a 0 

a a 
a a a 
a 0 0 

a """""""""" 

POSS a FLASH VERB-NOUN 
. a o . a * a a o  REQUEST  RESPONSE 
HOLD a DISPLAY:  

V 0 6  N-- 
Rl-VGX(CSM) 
R2-VGY 1CSM) 
R3-VGZ(CSM) 

T 0 a m  a MONITOR  DSKY: a 
AND ..................... OBSERVE  VERB-NOUN . 

FLASH TO REOJEST a 

(VGX1CSMI 9 VGY (CS 
VCL(CSM) - COMPON- 
ENTS OF THE VG a 
VECTOR RESOLVED a 

X I  YI AND 2 AXES 
RESPECTIVELYaTHE VG 

ALONG  PRESENT CSM a 

VECTOR N I L L  BE UP- a 
DATED  BY  THE  STEERING. 
LOOPS  DURING  EACH a 

COMPUTATION CYCLE. 0 

I N  FPS TO NEAREST 
-1 FPSa a 
"""""""""" 

"""""""""" - ~- ~ ~ 

WAIT FOR KEYBOARD a 

~. . - 

RESPOlvSE  AND D I S P L A Y  a 

OF VG COMPONENTS 0 

(NOTE: FOR NO+TRIM a 
MANEUVERS9 IF IGNI- 
T I O N  HAS SLIPPED9 a 
T H E   T T I  ON THE  TTE a 
CLOCK IS NO LONGER a 
VALID. THIS  DiSPLAY s 
WILL COMMENCE AT T T I  0 

CASE.) . = 1 5  SEC I N  ANY . 
"""""""""" . a 

a a 
a a 
0 0 

"""""""""" 

COMMAND MANUAL  TRAN- a 

SLATIONS TO NJCL. VG 0 

COMPONENTS 0 """""""""_ - - 
a 
a a 
a a 

U""""""""" 

KEY IN PROCEED 0 

ENTRY a a a a o a a a . a a . o a . a . . a . a  V33E . 
a a TERMINATE VERB-NOUN a a 

FLASH UPON RECEIPT a a . a a. ."""""""""" 

OF  PROCEED . a  a . 
""""""""""C a 

W . 
a 0 a m 

0 a 0 0 0 

a . ....... 
a a 0 0 e 
a a a * 0 """""""""_ a 
a D I S P L A Y  ON DSKY: a MONITOR  DSKY: 
a V 0 6  N51 
a R 1 - T T I  a T T I v  VG AND DELTA VM 
a R2-VG a a 
a H3-DELTA VM 0 a a 

"""""""""" 

~ o o a a a a a a a a a a a a a a m o a  OBSERVE DISPLAY  OF """""""""_ 

P 4 1 / C S M 2 / 2 7 8  

Y 7 9 0  

fa00 

f 8 2 0  

f830 

Y b 4 0  



I 

-!.L  ., 

, .  
T T I  - T IiviE TO GO TO 
IGNITION. I N  MIl\lr 
SECr TO  NEAREST 5EC 
#AX READING I S  

FORE NOMINAL T I G I  - 59 59. SIGN IS + BE- 

THEREAFTER. 

VG - MAGFvITUDE OF 
THE VELOCITY TO BE 
GAINED BY THRUSTING 
MANEUVER. I N  FPS TO 
NEAREST a 1  FPSa 

DELTA VM - MAGNITUDE 
OF DELTA V e  Ii\l FPS 
TO NEAREST a 1  FPSa 

00000 UNTIL THRJST" 
IS STARTED. 

THIS  DISPLAY WILL BE 

"""""""""" 

a 
a 
e 

"""""""""" 

AT T T I  = 5 SEC 
CHANGE VERB-NOW BUT 
RETAIN PRESENT DIS-  
PLAYS I N  R l t  R29  R3r 
FLASH VERB-NOUN  TO 
REQUEST PLEASE 
PERFORM ENGINE ON 
ENABLE: 

V50  N11 
R l - T T I  
R2-VG 
R3-DELTA VM 

""""""""C" 

e 
a 
a 
a 

a 
e 

"""""""""" 

i A I T  FOR  KEYBOARD 
ENTRY 

"""""""""" - - 
UPDATE TTE CLCICKS a 
I F  DESIREDa CLOCKS a 
WILL hOT AGREE N I T H  a 
DSKY DISPLAY IF  c 
IGNITION HAS SLIPPED a 
"""""""""" 

a a 
a 
a 
a 
a 

a 
a 

a e 
a 
a a 
e 

a 

a e 

e 
e 

e a 
e 

"""""""""" - ~~ 

MONITOR  DSKY; 
OBSERVE V50 N11 a 

PLEASE PERFORY a 
ENGINE ON ENABLE a 

- I  

a 

FLASHING TO RERUEST 

"""""""""" 

a 
a e 
a a 
e 
a 
a 

e 

a 
"""""""""" 

SHALL I PERMIT e 
IGNITION? a 

a N  .Y a 
a e a 

"""""""""" 

e a e """""""_ a 
KEY I N  TERMINATE. a 

V34E a e """""""_ 

Y870 

f890 

P41/CSM2/278 



a :  . . e 
e . . . 

e . . . . . . . . . . 
TERMINATE  FLASH UPON m. e . 
RECEIPT OF ENTER OR e e ~ e . e e e e e . o e e e . e e . e e e e . e  
TERMINATE . 
"""""""""" 

e. 
e e . 

.E 

.N 

.T 

.E 

.R . 
e . . . . . . . . . 
e . 
e . 
e 

e . . 
e . . . . 
0 . 
e . 
e 
e 
0 . . 
m 
a . . . . 

.TERMINATE . . . ""-"""" 
FLASH VERB- 
NOUN  TO RE- 
QUEST PLEASE 

ECTION OF CMC 

GRAM (PO01 
IDL ING PR5- 

V50 NO7 
R1-00000 
R2-BLANK 
R3-BLANK 

PERFORM 5EL" 

""""""* . 
e 

e 
""""3"" 

WAIT FOR AEY- 
8OARD  ENTRY 
TERMINATE 
FLASH UPON 
RECEIPT OF 
REQUEST FOR 
NEW  PROGRAM """"""_ 

e 
e . 

"""""" 

GO TO PROGRAM 
SELECTED """"""_ . . 

e. 
a 

,EX1 7 P 4  1 

"""""""""" 

I S   T T I  GREATER  THAN 
ZERO? """""""""_ 

.Y .N 
e . . . . 
e . . . . . 
e . 

e . . . 
e e . . . . . e .  .................... 
e .. . e . e . . 
e . 
e e 
e . . . . . . . . . . e . . . 

8 .  . .................... 
0 .  . . e . . 

e . . . . e . e 
e . . . . . e . . . 
+ e .. e . . 
0 . 
-. . . . . . 
-. . 
e a 

e . . . 
0 . e . . . . . 0 . . . . . . . . 

e . . e . . . . . . . e "-"""""" 
KEY I N  ENTER e """""""_ 

e 
e . 

e . e 
.e.ee.. """""""""".* 0 .  

OBSERVE  VERB'NOUN e 

FLASH TO REQUEST 0. 

PLEASE PERFORM 
SELECTION OF PO0 . e 

e. 

"""""""""" e. . 0 .  

e. 

e. 

* 0 .  . 0 .  . e. 
0 .  . 0 .  . 0 .  

e """""""""".. 0 .  

KEY I N  PROGRAM 0 .  

SELECTION 
V37E--E 

0 .  

0 .  """""""""".. . e. . .e . e. 
0 .  

0 .  

0 .  

0 0  

B .e . .. . .e . .. 

"""""""""" 

GO TO  PROGRAM 
SELECTED, 
"""""""""" 

m o m  0.  

* 
'EXIT P41 

.e 
0 .  .. 
0 .  

me..eo.e.e.e.. . . . 
"""""""""" 

MONITOR DSK Y : . 
IS R1 -DISPLAY O f  TT1 
POSITIVE AND  GREATER e 

THAN ZEW7 . 
"""""""""" 

.Y . . . . . e . 

f910 

1920 

f930 

L940 



a a 
a 
a 
a 
e 

a """""""_ 
HlAIT U N T I L  
T T I  = 0 """""""_ 

a 
e 

a 
e 

"""""""""" 

COMMAND TRANSLATION 
ALONG SELECTED AXIS  

" _ ~ " _  

a 
a 
a 
a 

"""""""""" 

CHANGE T T I   D I S P L A Y  
TO TG I N  R 1  

TG - TIME TO  GO  TO 
ENGINE CUTOFF I& 
MINI SECI  TO NEAREST 
SEC 
"""""""""" 

a 
a 
0 

a 
a 
a 
a 
a 
a 
a 
a 
a 
e 
a 
a 
a 
a 
a 
a 

"""""""""" 

BASED ON TIME-TO-GO 
EQUATIOIVI CMC 
COMHANOS TRANSLATION 
3FF 
"""""""""" 

"""""""_ 
STAbiD6Y FGR a 
THRUST ON N H E L  a 
T T I  = 0 a """""""_ 

a a 
a a 
a a """""""_ 
a STANDBY FOR 
a THRUST ON 
a IMMEDIATELY """""""_ 
a a 
a a 
a a 

"""""""""" 

MONITOR RCS 
THRUSTING: 

l a  DSKY: 
VGq TG 
SHOULD BE 
DECREASING 

2. DELTA VM INCREAS- 
I NG 

Za FDAI-ATTa ERROR 
SHOULD BE  LESS THAN 
OR EQUAL TO --DEGREE 
ATT  RATES SHOULD BE 
LESS THAN 02 EQJAL 
TO .-- DEGREE/SECa 
"""""""""" 

ON a 
a a 
a a 

GO TO BACkUP a 

"""""""_ 
PROCEDURES a """""""_ 

a 
a 
a 
e 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
e 

a 

a 

#960 

Y970 

Y980 

P990 

YlOOO 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
"""""""""" . . 
M A I N T A I N  VG COMPLITA- . . . . 
T I O N  FOR NULLING  BY . . . . 
RCS THRUSTING MANEU- . . . . 
VER.  - . . . . . 
"""""""""" . . . '. . . . . . -. - . . . . . . . . . . . 
SET MAX DEADBAND . . . . 
L I M I T S  INaOAP. . . . . 

a- ' . . . . . . . . . '. . . . . . . . . . . . "*"".""" . . 
F V S H ,   V E W O N O M  TO 

"""""""""" . . . 
e REQUEST RCSPONSE. . a .  OBSERVERB*NQUN 

AT I T S  VALUE A T  . 
ENGINE CUTQFF: 

SPONSE AND D I S P L A Y  

V 0 6 N 5 1  
OF TGIVG~AND.  DELTA . . VM e . . .  R1-TG . . . . . . . . . .  . . 

RZ-VG 
R3-DELTP VM . . . . . . . . . . . . . . . i. . . """""""""". . '. . . COhSIDERING  NAGNI- . e. . . T I D E  OF VG DO I WISH 

TO MAKE A F I N A L  e . . >  L ;4 . I $ * ;  . e TRIMMING  THRUSTING . , .._ , C. , &,..a . . "  ,. - . . MANEUVER? . 
m i  '. e e r N  .Y . 
* " 4  I 6. . . . . . . , ..a . 0 ai . . . HAIT:~FOALKEYBOARD .................... KEY I N  . . 

ENTRY. a. . PROCEED . . 
r . V33E . . . "-"""". . . . . e . . . . . . . . 

TERMINATE  FLASH UPON a .  . """""" . . RECEIPTiOF-PROCEED ......................... KEY I N  . . OR RECYgpz; 0 .  . RECYCLE . . . V 3 2 E  . . .................. e . . . . .i b . . . W !  . . . . . . * I  . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
58 " . . . . . . . 

........ . 
. . .. . .. 

"""""""""" 

"""""""""- e 

MONITOR  DSKY: . HOLD *DISPLAY QF TG ..................... FLASH TO REQUEST HE- . . . 
"""""""""" . . . . 

"""""""""" 

... ,,. ......... , ...... . . 
-e . . """""""""" 

"""""""""_ 0 .  . . """""" 

. . c, 

""""""r-c"", 
' I  

a 1 
P41/CSM2/278 

. . . . .  

I 

P 

t l O l O  

tlO2O 

f1030 

#1040 



. . . . 
. . . . 

.R . 

.E . 

.C . 

.Y . 

.C . 

.L . 
.- E . """"""_ 

SET' TRIM . 
FLAG . 
""""" . . . . . . . . . . . . . . . ........ . . . . ..... . . . 

. . ............... 

. . 
RESET TRIM FLAG 

~ ~ ~~ 

"""""""""" . . . 
""""""""" 

ZERO RENDEZVOUS 
TRACKING MARK 
COUNTER 
"""""""""_. . . . 
""""""""" 

SELECT 5 DEGREE 
DEADBAND IN DAP 
"""""""""" . . . 
""""""""_ 
RESET STEER 
LAW FLAG 

~~ 

"""""""" . . . . . . . . 

. . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . 
* . . . ......... 

0 .  

0 .  
"""""""" """""""""" 

TRANSMIT ORBITAL.....RECEfVE ORBITAL DATA 
DATA TO CREW FROM GROUND 
"""""""" """""""""" . . . . . . . . . . 

1 1 0 6 0  

f10TO 

Y1080 

11090 

11100 

PlllO 

P41/CSM2/278 



0 . . . 
"""""""""" 

DO ORBITAL PARAMETER 
DISPLAY  ROUTINE 
( R  30) 
"""""""""" . 

e . 
"""""""""" 

I S  RENDEZVOUS FLAG 

. . . . . 
. e m m m m m m m m m e e e m m m . e .  DO ORBITAL PARAMETER 

"""""""""" 

. DISPLAY  ROUTINE 
( R  30) 
"","""A"""" . . . 
"""""""""" 

IS THE RENOEZVOilS 
NAVIGATION PROGRAM 
(P201 I N  PROCESS? 
"""""""""" 

P 4 l / C S M 2 / 2 7 8  1 

PO55 . 
HOLD 
.*...*... 

/Y 3 

SET? 
(SEE PZO) 
"""""""""" 

.Y .N . . . 
"""""""_, 

SET TRACK FLAG 
(SEE PZO)o . """""""_ . . . . . 
""""""" 

SET UPDATE . 
FLAG e """""""- 

e . e . . 
"""""""" . 
DISPLAY P20 .*.**.*.**.**...**..~.*.. 
"""""""" 0 

e . . ... . . . 
E X I T   P 4 1  . . . . . . 
"""""""""" 

FLASH VERB-NOUN  TO . 
REQUEST PLEASE 
PERFORM SELECTIQN OF 
CMC IDL ING PHOGRAM 
(POO) 

..*.*..*...e.......* . 
V50i\125 
R 1-00000 
RZ-BLANK 
R3-BLANK 

"""""""""" . . 
. 

.Y .N 
0 . . . . . . . . . a . . . . . . . . . . 0 """"""""- . 

MONITOR DSKY: . 
OBSERVE DISPLAY Of. 
P20 UPON COMPLE- 
TION OF RENDEZ- 
VOUS EURN . 
""""""""e . . 0 

.** . 
0 

E X I T   P 4 1  . . . 
"""""""""" " _ ~ ~ ~  ~ 

MONITOR OSKY: 
OBSERVE VERB-NOJN 
FLASH TO REQUEST 
PLEASE PERFORM- 
SELECTION OF POO. 
"""""""""" . . . . . . . 

Y 1 1 2 0  

Y 1 1 3 0  

t1150 

+1160 



e 
e 
e 
e 

e 

e 
"""""""""" 

H'AIT FOR KEYBOARD 
ENTRY 
TERMINATE FLASH UPON 
RECEIPT OF. REQUEST 
F3R NEW PROGRAM 
"""""""""" 

e 
e 
e 

"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" 

e 

..e 

EXIT P41 

e 

e 
e 
e 

0 

0 

"""""""""" . 
e SELECT NEW PRsGRAM 

~ * * * e * * ~ * e o o o e o e e . . e  KEY I h  V37E--E 
e """""""""" 

e 
0 

GO TO PROGRA,Y 
SELECTED 

"""""""""" 

"""""""""" 

e 
e 
e 

e *  e 

EXIT e P41 

P41/CSM2/278 

A1170 

*1180  





APOCLO  COMPUTER LOGIC. CHECKLIST INTERFACE 

THRUST  MONITOR  PROGRAM (P471 REV 1 L0/31/66 

(11 TO MONI'TOR VEHICLE ACCELERATION DJRING A NON GNCS CONTROLLED THRUSTING. MANEUVER. 

( 2 )  TO DISPLAY THE  DELTA V APPLIED TO  THE VEHICLE BY THIS THRUSTING MANEUVER. 

ASSUMPTIONS; (1) THE ISS MAY BE I N  STANDBY OR OPERhTE.  THE  GNCS  STARTUP  PROGRAM  (POS)  AND  THE IMU  ORIENTATION^ 
DETERMINATION PROGRAM (P51) WOULD  NORMALLY  BE  COMPLETED  BEFORE  THE SELECTION OF THIS PRDGRA)I* 
THE ISS THUS MAY BE: 

( 8 )  ON9 AND  NOT ALIGNED SINCE TURN ON 

(C) ON  AND  AT AN INERTIAL ORJENTATION KNOWN  ONLY INACCURATELY BY  THE  CHCr  I.€. HAYIN6 BEEN ALIGNED AT LEAST 
ONCE SINCE TURN  ON  BUT  NOT d ITHIN THE LhST H H R S  

(0) ON AND AT AN INERTIAL ORIENTATION KNOWN ACCURATELY BY THE CHC, I.E. HAVING BEEN ALIGNED WITHIN 
THE LAST -HRS 

IF (A )  I S  TRUE  PROGRAM 05'SELECTION WILL BE  REQUESTED  BY THIS PROGRAM. 
I F  (6) I S  TRUE  PROGRAM 5 1  SELECTION dILL BE  REPUESTED  BY THIS PROGRAM. 
I F  (Ct I S  TRUE  THE CMC HAY OR MAY NO7  HAYE A SATISFACTORY INERTIAL REFERENCE  TO  ACCURATELY C W L E T E  THE  PROCRAM. 
I F   ( D l   I S  TRUE  THE  CMC M S  A.SAfISFACTORY INERTIAL REFERENCE TO  ACCURATELY  COMPLETE  THE  PROGRAM;  CASES (B)r  tC1 

AND (Dl HOWEVER ARE FURTHER  SUBJECT  TOi  THE  CONSTRAINT  OF  LARGE HIDDLE GIMBAL ANGLE* 1.E. THE EXISTING  INERTIAL 
ORIENTATION MAY C.AU5E A a D D L E  GIRBAL ANGLE  -GREATER'  THAN 45 DEGREES  AT  THE THRUSTING ORIENTATION OF THE CSMt 
WHICH I S  UNSATISFACTORY. 

(21 THE CSM STATE.VECTOR irllU HAVE  BEEN  AUTOMATSCALLY INTEGRATED FORWARD TO THE  PRESENT TIME EVERY 9 MINUTES. THERE 
FORE  THE INTEGRATIW TIHE,E.CESSARY TO. OBTAIN A CORRECT STATE VECTOR  FOR  USE  BY THIS PROGRAM WILL ALWAYS BE LESS THAN 
1 MINUTE. 

(3 )  THE RESPONSIBILITY OF AVOIDING GIMBAL LOCK  DURING EXECUTION OF THIS PROGRAM I S  UPON  THE  ASTRONAUT. 

(43 THIS PROGRAM IS SELECTED  BY  THE  ASTRONAUT BY DSLV  ENTRY AT LEAST 1 MINUTE PRIOR TO  ANY NON GNCS  CONTROLLED  THRUS- 
TING MANEUVER  EXCEPT  THOSE INITIATED JNDER  GNCS  CONTROL  AND  MANUALLY  TAKEN  OVER. 

PROG 
CONT 

CMC GROUND CREW CHECKLIST 

. 

TIME TOTAL 
TIME 



0 

e 
e 

e 
"""""""""" """""""""" 

DO PROGaAM 0 K E Y  I N  THRUST 
SELECT ION 0 e e 0 0 e ~ e 0 e 0 ~ 0 e e 0 0 e 0 ~  MONITOR PROGRAM 
CHECK ROUTINE (Ro l l  0 ( P 4 7 )  

V 3 7 E 4 7 E  
"""""""""" 

"""""""""" 

e 
e 

"""""""""" ~ ~ ~ 

START THRUST 
MONITOR PROGRAM 

DISPLAY  P47.  
( P 4 7 )  """""""""_ 

e 

"""""""""" 

DO IMU  STATUS 
CHECK ROUTINE 
(R02 1 
"""""""""" 

e 
e 

"""""""""" 

RESET TRACK AN0 
UPDATE  FLAGS 
(SEE P 2 0 )  
"""""""""" 

e 
0 

"""""""""" 

INTEGRATE  STATE 
VECTOR FORWARD TO 
PRESENT  TIME  (T) 
PLUS 1 MINUTE 
"""""""""" 

e 

0 
"""""""""" 

d A l T   U N T I L  T + 
1 MINUTE 

e .......... e. . .eeeee.  
e 

eeee..eee..eee.. .ee.  

0 

$20 

"""""""""" 

DO PROGRAM SELECTION 
CHECK ROUTINE (201) 
"""""""""" 

"""""""""" 

MONITOR DSKY: 
OBSERVE D I S P L A Y  

OF PROGRAM 47. 
"""""""""" 

"""""""""" .~ ~ 

DO IMU  STATUS 
CHECK ROUT1 NE 
(R02)  
"""""""U-. 

Y30 

f 5 0  

$60 

"""""""""" 



0 

0 

e 
0 

0 

0 
"""""""""" 

CALL AVERAGE 
G ROUTINE. 
"""""""""" 

0 

e 
0 

P47/CSM2/278 

a70 

0 0 
"""""""""" ~ ~ _ "  """""""""" 

FLASH VERB-NOUN TO MOlrrITOR DSKY: 
REQUEST RESPONSE AND 0 

DISPLAY  DELTA V 
OBSERVE FLASHING 

0 VERB-NOUN TO REOUEST 0 

V16N-- e OF EACH COMP3NENT OF e 
( IMU) = O O O O O O * * ~ - O O O ~ O ~ ~ . O O  RESPONSE AND DISPLAY 0 

RE-DELTA VY(IMU1 """""""""" 0 
Rl-DELTA VX ( IMU) 

R3-DELTA  VZ(1MU) 

DELTA V ( IMU) e 

0 e 

DELTA V X (  IMU - COM- 
PONENT OF INTEGRATED 
ACCELERATION ALONG 
IMU +X AXIS. I N  FPS 
TO NEAREST e l  FPS. 

DELTA V Y  ( IMU) - COH- 
PONENT OF INTEGRATED 
ACCELERATION ALONG 
IMU + Y  AXIS. I N  FPS 
TO NEAREST e 1  FPS. 

DELTA VZ ( IMU) - COM- 
PONENT OF INTEGRATED 
ACCELERATION ALONG 
IMU +Z AXIS. I N  FPS 
TO NEAREST e 1  FPS. 

NOTE: R l r 2 1  AMD 3 
WILL READ 00000 IN-  
ITIALLY AND WILL~RE- 
Q A I N  SO UNTIL  A 
THRUSTIIUG MANEUVER 

N I L L  BE UPDATED 
IS STARTED.  THEY 

EVERY SECo 
"""""""""" 

O L  

e .  
0 0  

0 

0 

e 
0 

e 
e . 
0 . 
0 

0 . 
e 
0 

e 
e 
e 
e 
0 . 

"""""""""" e 

PERFORM ThRUSTI YG 
MANEUVER (5) AS 
DESIRED. 
MONITOR FDA1 8kLL 
TO AVOID  GIMBAL 
LOCK 
"""""""""" 

e 
0 

e 
0 

e 
0 

0 

e . 
0 

e 
e 
e 
e 
e 
0 

0 

0 

0 

0 

e 

0 

0 

e 

0 

e 
e 
e 
0 

e . . . 
e 
0 

e 
0 

e 
0 

e 
e 

0 

0 

0 

0 

0 

0 

0 

0 

e 

*BO 

t90 

*io0 

iYllO 

#12D 



"""""""""" 

START  MONITOR OF 
ACCELEROMETERS BUT 
DO NOT INTEGRATE 
ACCELEROMETER 
OUTPUT 
"""""""""" 

...... 
"""""""""" 

DOES THE ACCELEROM- 
ETER  OUTPUT ABOUT 
ANY IMU AXIS EXCEED 
"-FPsPs? 
"""""""""" 

m Y  mN 

........ """""""""_ 
START INTEGRATION OF 
ACCELEROMETER 
OUTPUT. 
"""""""""" 

s 

"""""""""" 

UAIT FOR KEYBOARD 
ENTRY 

TERlYIhATE FLASH ilPOlv 
RECEIPT OF PROCEED 
"*""""""""- 

.................... 

0 

* 
0 

0 

. 

s 
* 

* 
"""""""""" 

ARE ALL THRUSTING 
MANEUVERS COMPLETE? 

.Y .h 
"""""""""" 

* ...... 
"""""""""" 

KEY I!u PROCEED 
V33E 
"""""""""" 

- 

#130 

$150 

$160 



. . . . . . 
0 -  . """""""""_ 

I S  RENDEZVOUS N4VI-  
CATION PROGRAM (PZO) 
IN PROCESS? 

. .  

P4 f /CSM2/278  

. . . . . . . 
"""""""""" 

IS RENDEZVOUS 
FLAG SET? 
"""""""""" 

.N .Y . . 
"""""" 

. . 
SET  TRACK FLAG 
(SEE  P20) """"- . . . . -""""" 

. . . 
- 

SET UPDATE FLAG 
(SEE P20) """""""_ . . . 
"""""""0 

. . 
.. . 

DISPLAY P20 .................... 
""""""".-. . . .. . 

. . . 
0..  . EX;T ~ 4 7  . . . . . 

""""""""" 

IDLING PROGRAM (POO) 
V50 NO7 
Rl-00000 
R2-BLANK 
R3-BLANK 

""""""""0. . . . . 
0 .  . . . . . . . . . 

. 

.Y . . . 
0 '  . . . . . . . . . . . 

"""-"""". 
MONITOR  DSKY: 
OBSERVE DISPLAY 
OF P2O UPON Con-- 
PLETION OF PC7 """"""""_ . . 

0. .  . 
EXIT  P47 

.N . . . . . . . . 
0 . . . . . . . . . . . . . . . . . . 

0 

MONITOR  DSKY: 
OBSERVE  VERB-&DUN 
FLASH TO  REQUEST 
PLEASE PERFORM 
SELECTION OF POO. 

"""""""""" 

"""""""""- 
0 . . . . . . . . . . . . . . . . 

+ l o o  

f210 

f22O 



0 a 
a 
a 
a 

a 
"""""""""" 

HlAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH JPON 
RECEIPT OF REQUEST 
FOR NEW PHOGRAM 
"""""""""" 

a 
a 

a 
"""""""""" 

GO TO  PROGRAM 
SELECTED 
"""""""""" 

a 
e 

a * *  

a 
EXIT P47 

a 
a 
a 

a 
"""""""""" 

KEY IN REQUEST FOR 
NEW PROGRAM 

V37E--E 
"""""""""" 

a 

a 
a 
a 

a 
a 

"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" 

a 
a 

m e a  

€XI: P47 

P 4 7 / C S M 2 / 2 f B  

#230 

#240 
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AP3LLO COMPUTER LOGIC CHECKLIST INTERFACE 

IMU  ORXENTkTiON  DETERMINATION PROGRAM (P51) REV I G  

PURPOSE: (1) TO DETERMINE  THE  INE2TIAL   ORIENT4T iON OF THE !YJ* 

ASSUMPTIOdS: (1)  THE I S S  MAY BE: 

(A) OFF  (STAN3BY) 

( 6 )  ON, AND ALIGNED OR NOT ALIGNED  SINCE TURN ON. 

I F  ( A I  I S  TRUE* PROGRAM 05  MUST BE PERFORMED  BEFORE T H I S  PROGRAM CAN BE COMPLETED. 
w ( 8 )  IS TRUE THIS PROGRAM CAN BE COMPLETED. 

(2 )  THERE  ARE NO RESTRAINTS UPON THE CSM ATTITUDE CONTROL MODES U N T I L  A  GNCS  CONTROLLED  MANEUVER I S  CALLED  BY A  PRO- 
GRAM OR THE CREW WISHES TO MANUALLY  MANEUVER  THE  VEHICLE.  THE  AUTOPILOT  CONTROL MAY B E  GNC OR SCS AND I F  GNC  MAY BE 
AUTO*  HOLD OR. FREE. PRIOR TO GNCS CONTROLLED  MANEUVERS THE CMC WILL REQUEST  THE CORRECT MODE I F  I T  1s NOT I N  .EFFECT& 
FOR  MANUALLY  CONTROLLED  MANEUVERS  THE CREW MUST  SELECT  THE  CORRECT.MODESm 

( 3 )  THE PROGRAH IS'DESIGNEO FOR ONE-MAP; OPERATIONm 

(4) T I M E  AND RC5 FUEL MAY BE SAVED* AND  SUBSEQUENT IMJ ALIGNMENT  DECISIONS  GREATLY  S IMPLIFIED I F  T H I S  PROGRAM I S  
PERFORMED I N  SUCH A WAY AS TO LEAVE THE IMU  INERTIALLY  STABIL IZED  AT   AN  ORIENTATION  AS CLOSE AS POSSIBLE  TO  THE 
OPTIMUM  ORIENTATION  REQUIRED  BY  FUTURE CMC PROGRAMS. 

(5 )THE  OPTICS  EYE PIECES, JORK TABLEI  AND ROTATION CONTROL  ARE I N  P O S I T I O N  FOR USE. THE  OPTICS DOOR I S  OPEN. 

( 6 )  THE PROGRAM 1S.SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

PHOG 
CONf  

CMC GROUND CREW CHECKLIST T I M E   T O T A L  
T I M E  

mCREd PROG 
mSElECTION 
0 

0.0 . 
"""" 

Y 10 

t 2 O  

PSl/CSN2/278 



"""""""""" 0 

D O O O * O O O ~  DO PROGRAN SELECTION 

"""""""""" 

CHECK ROUTINE (201) 

I 
0 

0 """""""""_ """""""""_ 
START IMU ORIENTATI~N 
DETERMINATION 
PROGRAM (P5 1 1 
DISPLAY PROGRAM 51  

MONITOR  DSKY: 

PROGRAM 52 
~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ o ~ o e e e o o o  OBSERVE DISPLAY OF 

. " """""""""" 
"""""""""" 

0 

"-3""""""- 
I S  1% ZERO FLAG 
SET? 

0 

e 
0 

e 

' ' t 3 0  

*so 

t 6 0  

Y70 



a 

e e 
e e 
e a 

a e _""""""" 
GO TO PROGRAM 
SELECTED """""""_ 

a 
a 

a 

e 

a 

a 

e 
a 
e 
e 
e 
a 
e 

a 

a 

e 

m e a  

e 
EXIT P 5 1  

e e a a e a  

e a 

e a 
e * *  e 

a 

e 
e 

e 
e 

""""""" 

GO TO PROGRAM 
SELECTED 
""""""" 

e 
e 
e 

m e a  
e 

EXIT P51 

e 

e 
e 

a 

e 
a 

e 
e 
a 

a 
e 

e 

e 
a 

e 
e 
a 
e 
a 
e 
e 
a 

e a e a e 
e 

e 

FLASH VERB-NOUN  TO a 

FORM  STAR ACQUf 51- e FLASH TO  REQUEST 

"""""""""" """""""""" 

e a MONITOR DSKY: 
a e e e e e . e a  REQUEST PLEASE PER- a e a a a a a a a a a a e e e a a e e e  OBSERVE  VERB-NOUN 

PLEASE PERFORM STAR 
ACQUISITION 

HOLD TION: 
V50 N25 
R1-00015 
R2 - BLANK 
R 3  - BLANK 

"""""""""" 

e 
e 
a 

e 
a 

e 
e 
e 
a 
e 
e 
a 
e 
e 
e 

e 
a 

e 
e 
e 

a 
e 
e 
e 
a 

a 

i 
e 
a 
e 

e 
e 

e 

e 
a 

a 

e 
a 

e 
e 

e 
e 
e 

e 
e 
e 
e 
a 
e 

e 
a 
e 
e 

e 
e 
e 
e 
e 

e 
a 

a 
e 
a 
a 
e 

a 

a 

e 
e 
e 

e 
a 

e 

e 
a 
e 

a 
a 
e 
e 
e 

a 

a 

e 
e 
e 

e 
e 
e 
e 

e 
e 

e 
a 

e 
e 
a 
e 
e 

a 

e 
e 
e 
e 

a 
e 

"""""""""" 

0 

a 
e 
e 
e a a a * a * a * *  

e 
e e 0 

"""""""""" . 
SHALL 1 MANEUVER  THE e 
CSM TO POSITION THE e . ~ 

IFIU INNER GIMBAL 
A X I S  I N  A PREFERRED 
DIRECTION? 

e 

e 
"""""""""" 

iN 
a 
a 
e 

0 

e 
e 
e 

e 
e 
e 
e 

e 
e 
e 
a 

a 

e 
a 

e Y  e 
a e 
e """"""""_ 

MITH THE ROTATION 
CONTROL R3TATE 
THE CSM UNTIL THE e 
PITCH A X I S  IS I N  
THE PREFERRED 
DIRECTION 

0 

e 
.""""""""_ 

. e  
e .  

e *  
e a  

a .  
0 .  

* e  
e *  
e a  

1 8  

a 
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a a 
a a a 
a 8 a 
"""""""""" a 

NAIT  FOR KEYBOARD c 
ENTRY a a a m a m a w a m m a a a m a m e a e  

a 8 

a a 
a 
a 

a 
a 

a 
a 

a 
8 

a """"""""_ 
ARE 2 NAVIGATION 
V I S I B L t  I &  
THE SXT F I E L D  OF 
VIEW? """"""""_ 

a 14 
a 
a 

""""""" 

d I T H  THE iiDTA- 
TION CONTROL 
ORIENT THE CSM 

GAT I ON S T W S  
ARE V I S I B L E   I N  
THE SXT 

UNTIL  2 NAVI-. 

""""""" 

a 

a 
a """"""""_ 

MOhITOR FDA1 BALL s 
IS GIMBAL LOCK a 
IMPENDING? a 
""""""""* 

rY mN a 
a a m  
a a m  
a a a a a a  
a 
a 

"""C"" 8 

KEY I N  a 
ENTER a 
""I""". 8 

a 
a 
a 

a """"""""_ 
KEY I N  PR3CEED 

V33E """"""""- 
a 

e 
a 
a 

a 
a 
a 
a 

* 
a 
a 
a 
a 
a 
a 

a 

a 

t130 

Y140  

flSO 

Y160 

Y170 

iy180 



m :  . . . . 
e . . 
e . . . 
e . 
e 
e . 
e . . 
e 
e 
e 

e 
e . 
e 
e . 
e 
e 
e 
e . . . 
e . 
e . . . 
e 
e 
e 

e 

e 
e 
e 
e 
e 
e . . 
e 
e . 
e 

. . e e . e . e . e . e . . . e 
e e . e 

"""""""" e """"""""_ 
DISPLAY Oh L)SKY: e e MOiv I TOR D%Y: 

V 4 1  iJ20 e e OBSERVE DISPLAY 
Rl-00000 
R 2 - 0 0 0 0 0  

e m m m e m o m e m m . m e m e m m m m m m m  OF COARSE ALIGlv 
e e .  VERB AFiD I C D J  

H3-00000 . . ANGLES (ALL 
e . OOOGO) F32 CaAKSE 

WHEt7E R l r  R2e e e ALIGNMENT 
AND R3 REPRESENT e """"""""_ 
CDU/ISS ANGLES e . e 
TO BE COARSE . e 

I G I  i4Gr  RESPEC- . e 

ALIGNED TO (OGI e e . 
T I V E L Y )  e e e e 
"""""""" e e 

e . e e . e e 

e e e 
e e """""""" 

COMMAND I S S  TO e e 
COARSE ALIGN 
MODE e e 
"""""""" e . e . e . .  . e . 

e e . """""""_ e """"""""_ 
TURN ON "NO ATT" e e OBSERVE "N3 ATT" 
L I G H T  e m e m m e e m e e m e e e m e e e e e m m m  LIGHT ON 
"""""""" a """"""""_ 

e e e . . . e a 
e . e e 

e """""""". 

COARSE ALIGN IS5 e e e 
"""""""" e e 

e . . . . e e . e e e . a """""""" 

COMMAND 155 TO e e 

ATTITUDE CONTROL e e e 
MODE e . . 
"""""""" e - *  

e . . e 
e . . 
e e e e 

"""""""" e 

e . TURN OFF "FvO 
ATTMLIGHT e e L I G H T  OFF 

""""""""_ 
WAIT +OR NN" +TTN 

"""""""" e """"""""_ . e e . e e e . e e e ............ m o e e e e m e a m * e e ~ m m e m m  

P 5 1 / C S M 2 / 2 7 8  
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. .  

" 

a 
a 

a 
a 

a 
a 
o a a a a a a a a a a  

a 
a 

a 
"""""""""" 

SET  TARGET.  FLAG TO 
STAR  FOR USE BY 
SIGHTING  MARK  ROUTINE 
( R  53) 
"""""""""" 

a 

a 
a 

"""""""""" 

SET MARK INDEX TC) 1 
FOR USE BY THE 
SIGHTING  MARK 
ROUTINE (R53) """"""-""" 

a 

a 
a 

"""""""""" """""""""" 

DO SIGHTING MARK a DO SIGHTING NARK 

STAR Y 1  a STAR # l a  IF POSSIBLE 
ROUTINE ( R  53) FOR ~ a a a a a a a a ~ a a a a a a a a a o  ROUTINE  (R 53) FOR 

"""""""""" USE SXTI  OTHERWISE 
a SCT a 
a 

"""""""""" 

"""""""""" 

CALCULATE  STAR YL 
VECTOR UJaRaTa 
I MU 
""*"""""""_ 

a 

a 
a 

a 
a 

"""""""""" 

DCI SIGhTING MPRK 

STAR t2 a STAR t 2 a  I-F P3SSIBLk 

"""""""""" 

a DO SIGHTING NARK 
ROUTINE I R  5 3 )  F3R a a ~ a a a a a a a a a a a a a ~ a a a  ROUTINE ( R  53) FOR 

"""""""""" USE SXTIOTHERNISE 
a SCT a 

a """""""""" 

a 
"""""""""" 

C4LCULATE  STAR # 2  
VECTOR  UaRaTa 
I MU 
"""""""""" 

a 

a 

a 

a 
a 
a 
a 

a 

Y250 

#260 

Y270 

Y290 
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e 
"""""""""" 

DO STAR  DATA TEST o. . . . e .m.e . . . . e . . .oe  DO STAR DATA TEST 
ROUTINE ( R  54) e ROUTINE (R 54) 
"""""""""" """""""""" 

"""""""""" 

. . . . 
"""""""""" 

CALCULATE IMU  INERTIAL 

CELESTIAL COORDIN- 
ATES AS DEFIFvED BY 
STAR # 1 AND # 2 e 
STORE AS PRESENT 
PLATFORlVl ORIENTATION 
(REFSMMAT) 

DRIENTATION WeRmTe 

"""""""""_ . . . 
"""""""""" 

SET "IMU ORIENTATIOh 
KNOWN" FLAG 
(REFSMFLG) 
"""""""""" . . . 

t310 

t320 

"""""""""" 

TERMINATE  P 5 1  AND 
GO TO CMC .e.e.......e.e...o*o OBSERVE TERMINATION 
IDL ING PROGRAM OF P 51 AFiD D'ISPLAY 

"""""""""" 

e MONITOR DSKY: 

(P  0 0 )  OF P 00 
"""""""""" """""""""" . . . e. 

* 
E X I T   P 5 1  

... 
e 

EXIT P51 

Y330 

f340 
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0 
AP3LLO COMPUTER LOGIC  CHECKLIST  IiLTEHfACE 

IMU  REALIGN PROGRAN (P52)  REV 1 6   1 1 / 0 1 / 6 6  

PURPOSE: (1) TO A L I G Y  THE IYU FROM A  '(KNOlrlNg'  (SEE  ASSUMPTI3N 4) ORIENTATION TO  ONE  OF THREE ORIENTATIONS  SELECTED  BY  THE 
ASTRONAUT: 

( A )  PREFERRED ORIENTATION 

AN OPTIMUM ORIENTATION FOR A  PREVIOUSLY  CALCULATED MANEUVER. THIS  ORIENTATIOk MUST BE  CALCULATED AHD 
STORED BY A PREVIOUSLY SELECTEG PROGRAM. 

(8 )  NOMINAL  ORIENTATION 

X = UNIT(Y  XZ 1 
-5M -SM -SM 

Y =: UNIT (V  X R 1 
-SM 

2 = UNIT(-R)  
-5M - 
" 

WHERE : 

R = THE  GE3CENTRIC  RADIUS VECTOR  AT TIME T (ALIGN) SELECTED BY THE ASTRONAUT - 
V = THE INERTIAL  VELOCITY VECTOR AT TIME T (ALIGN) SELECTED BY THE ASTRONAUT. - 

(C) REFSMMAT 

SEE ASSUHPTION (4) 

ASSUMPTIONS: (1) THE DOCKED CONFIGURATION MAY BE  SIVB/CSMv  LM/CSM* OR CSM. THE PRESENT  CONFIGURATION IS KNOWN BY THE CMC DUE TO 
THE DISCRETES  PROVIDED TO THE CMC. 

( 2 )  THERE ARE NO RESTRAINTS UPON THE CSM ATTITUDE CONTROL  MODES U N T I L  A GNCS CONTROLLED MANEUVER I S  CALLED BY A 
PROGRAM OR THE CRErl WISHES TO MANUALLY WAiJEUVER THE  VEHICLE.  THE  AUTOPILOT CONTROL MAY BE GlvC OR SCS AND I F  GNC MAY &E 
AUTO9 HOLD OR FREE. PRIOR TO  GNCS CONTROLLED MANEUVERS THE CMC h'ILL REQUEST THE CORRECT  MODE IF I T  IS FtOT I N  EFFECT. 
FOR MANUALLY CONTROLLED MANEUVERS THE CREW MUST SELECT THE CORRECT MODES. 

(3) THIS PROGRAM MAKES NO PROVISION FOR  AN ATTITUDE MANEUVER  TO RETURN THE VEHICLE TO A SPECIF IC  ATTITUDE. SUCH A 
MANEUVER9 I f  DESIRED9 MUST BE DONE MANUALLY. AN OPTION IS PROVIDED HOWEVER  TO POINT THE SXT AT ASTRONAUT OR CMC 
SELECTEG STARS EITHER MANUALLY BY CREH INPUT OR AUT3MATICALLY UNDER CMC CONTROL. 

(4) THE I S S  IS 9N AND HAS  BEEN  ALIGNED TO A KNOriN 3RIENTATION  dHICH I S  STORED I N  THE CMC (REFSMMAT). THE PRESEtXT 
IMU  ORIENTATION  DIFFERS FROM THAT TO NHICH I T  WAS LAST  ALIGNED ONLY DUE TO  GYRO DRIFT (1.E. NEITHER  GIMBAL LOCK &OR 
IMU  POlER  IhTERRLlPTION HAS OCCURED S I K E  THE LAST  ALIGNMENTI. 

( 5 )  THE OPTICS EYE PIECES9 WORK TABLE9 AND ROTATION  COJlTROL ARE I N  POSITION FOR USE. THE  OPTICS DOOR IS OPEN. 

( 6 )  THE PRO6RAM I S  DESIGNED FOR  O&E-MAN OPERATION. 

( 7 )  THE  PHOURAM IS SELECTED BY THE ASTRONAUT BY D5K.Y  ENTRY. 



I .  

PHO6 
CONT 

c MC 

"""""""""" 

DO PROGRAM SELECTION 
CHECK R O U T I N E   ( R o l l  

"""""""""" . . . 
"""""""""" 

START  IMU  REALIGN 
PROGRAM (P52) 
D I S P L A Y   P 5 2  
"""""""""" . . . 
"""""""""" 

RESET  TRACK FL4G 
(SEE PZO) 
"""""""""" . . . 
"""""""""" 

DO IMU  STATLiS CHECK 
ROUTINE  (ROZ) 
"""""""""" . . . . . . . . . . . 

GROUnlD CREW 

.CREW PROG 

.SELECTION . ... 
"""""""""" . . KEY I N  I M U   R E 4 L I G N  

...*.*.....*o....... PROGRAM ( P 5 2 )  . V37E 52E 
"""""""""" 

...m*...*...o....... DO PROGRAM SELECTION 
"""""""""" 

CHECK ROUTINE (201) 
"""""""""" 

NONITOR  DSKY: 
"""""""""" 

"""""""""" 

""""""""" 

DO I f l U  STATUS CHECK 
..*..*...o.*o*o..... ROUTINE  (ROZ) . """""""""" 

....*.... . . . . . . b . 
a . . . . 

CHECKLIST T IME  TOTAL 
T I M E  

IT10 

f 2 0  

+30 

+40 

Y50 
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a a a 
a a a a a 
a . . a 
a . a a 

a a a . 
a a m o m a m a a . m a a a  . . a 
a .  a a . a a 

c m.m..aaoa a a a a 
"""""""""" 0 .  a 

FLASH VERB-NOUN  TO 0 .  a MONITOR DSKY: 
REQUEST RESPONSE AND a a a a OBSERVE VERB-NDLJN a 

a .. a a RESPONSE  AND DISPLAY a 

"""""""""" 

HOLD FOR  ASSUMED IMU 
mma.mmo DISPLAY  OPTION CODE a a . a o o o a o o . . o a . a o m o m  FLASH TO REQUEST 

ORIENTATION 0 .  a OF OPTION CODE FOR a 

SELECTION: a m  a ASSUMED IMU 
V06 N-- a m  a ORIENTATION a 
R 1-000" o m  a SELECT1 ON a 
R2-0000X .. a 
R3-BLANK a m  a . . 

a m  . . a 
R1 I S  THE OPTION a m  a a a 
CODE  FOR  ASSUMED a a 
IMU  ORIENTATION 

o m  

. a  a a 
SELECT ION 0 .  . a 

a m  a a a 
RZ I S  THE CMC a .  a a a 
ASSUMED OPTION; . 
00001-PREFERRED m a  a a . 
00002-NOMINAL . a  a . a 
00003-REFSMfiAT a m  a a a 

"""""""""" 

a * a  a I S  THIS THE IMU 

"""""""""" 

0 .  

"""""""""" m a  . . . a  a ORIENTATION I DESIRE?. 
a a m  a """""""""" 

a m a  . aY mN a 
a a .  . a m a  
a 0 .  a a a m  

""C""""" """""""""" * a  . 
WAIT FOR KEYBOARD a. a KEY I N  PROCEE3 a a 
ENTRY . + a a o a a . . . a ~ a m a a . a . a  V33E e a  

a. a . """""""- 
a m  a a * a  .. . a m  
a .  a a .  

TERMIRATE  FLASH UPON a. a 
RECEIPT OF PROCEED a a a a . a o a a . . m o m a m a a m m m a a o  KEY IN V22 

a """""""_ 
OR  NEW DATA am a a AND LOAD THE a 

a m  a a DESIRED  3RIEN- 
a P  .NEW a m  TATION CODE Ilu 
aR  .CODE 0 .  a a R2 . 
a 0  a a .  . 
aC a 0 .  . a a a 
a E  a a a a o m  

mE a m  . a a a 
aD 

"""""""""" 

"""""""_ 
STORE CODE 
""""""_ """"""_ 0 .  a amorno.... 

a m  a 
0 a .  . 

a a m  a 

a m.ammomaoamam.o a . 
a a . '  

a . . a a . . a . . a a 

5!?3 a . . 

Y60 

t80 

390 

YlOO 

a . 
I 



0 

0 

0 

0 
"""""""""" 

I S  STORED ORIENTA- 
TION CODE 00001 
""""-e"""", 

ON  OY 
0 

0 """""""_ 0 

0 

I S  PREFERRED 
ORIENTATION 
FLAG SET? 

0 o r  O N  

"""""""" 

0 .  0 

0 .  0 

0 0.0 0 

0 

GO TO 
"A" 0 

BELOW 0 

0 .  

0 
0 

- 
0 

0 

0 

0 

WAS PREFERRED IMU 
ORIENTATION SELECTED 

O Y  O N  

"""""""""_ 
"""""""""" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 """""""". """"""" 0 0 

FLASH VERB-NOUN 0 

TO REQUEST 
RESPONSE AND CODE DISPLAY 

MONITOR DSKY: 0 

0 

INDICATE THAT. 
A PREFERRED IMU. 
ORIENTATION 0 

HAS NOT BEEN 0 

DISPLAY -ALARM 
CODE : 

0 
C""""""". 

O Y  O N  0 

0 0 .  

0 0.0 0 

0 

0 GO TO 
0 " A "  0 

0 BELOW 

0 .  

0 

b 

0 

0 

0 

0 
""""CC"" 

IS THE NOMINAL 
IMU ORIENTA-- 0 

TION  SATISFACO- 
TORY OR DO I 0 

WANT A 0 

PREFERRED 0 

IMU ORIENTATION? 

NOM oPREF 
""""""""-* 

t120 

f130 

t140 

1'150 

Y160  

a 



a 

e 

a 

a 
a 

e 

a 

a 
a 

a 
a 
e 

a a 
a a 
a a 

a a 
e a 

a 

a a a 

a a a 
a a a 

a a a a e a a a a a a e a  a a 
a a a 

a a a .  
TERkINATE  FLASH a a 
UPON R E C E I P T  OF a e a a a a o a m a a a a a a a a a a a  SELECT DESIRED a 

RECYCLE OR  NELN a a PROGRAM TD a 

a FERRED IMU a 
aNEk *RECYCLE a O R I E N T A T I O N  a 
ePROGa a AND THEN RE- 
a a a S E L E C T   T H I S  a 
a e a a a a a m * e a a a a a a  PROGRAM. a 

a KEY IN a 
a V37--E a 
a 

""""""" 

PROGRAM D E F I N E  A PRE- a """""""_ 

""""""" 

a 

a """""""_ 
GO TO  PROGRAM 
SELECTED """""""- 

a * a a a a a + e a *  

a 
0 

""""-"""e 

IS THE  STORED 
O R I E N T A T I O N  CODE 
00002? 
"""""""" 

a Y  mN 
a (NOM 1 a (REFSMI 
a 
a a 

a a a a  

a a 

a GO T 3  

a BELOk 
a 
a 

a 

new 

a a 

a 
a a 

GO TO  PROGRAM a 

""""""" 

SELECTED 0 
""""""", 

a a 
a 

a a 
m e a  a 

EX;T ~ 5 3  : 
a 
a 
a 
a 
a 
a 

""""""""" 

WAS NOMINAL IMU, 
ORIENTATION  SELEC- 
TED? 
"""""""""" 

1170 

*la0 

* 2  10 



. ....... 
HOLD a 

- . . . 
e . 
e . . .......... . .......... . 8 . . . . . . . . . . . . a . """""""_ . """""""""" 

FLASH VERB-NDUN . MONITOR DSKY: . 
TO REQUEST OBSERVE VERB-NOUN . 
RESPONSE  AND . 
DISPLAY T (ALIGN:) RESPONSE A'ND DISPLAY 

V06 N-- . OF T  (ALIGN) . 
R1-T (ALIGN)-HRS e 
R2-T (ALIGN)-MINS. a 

R3-T(ALIGN)*SECS a . a 

~ m ~ ~ ~ ~ e ~ ~ ~ ~ m ~ m ~ ~ ~ ~ ~ ~  FLASH TO REQUEST 

"""""""""" 

a . . . . 
TtALIGN) - TIME . . . 
(GET) AT WHICH . e 
VEHICLE POSITION a a b 

AND  VELOCITY a . . 
VECTORS  ARE . 
SELECTED TO . A M  I SATISFIED dITH 8 

DEFINE IMU AND . THIS VALUE . 
CSM NOMINAL . 
ORIENTATION. IN  . .Y .N . 
HRSg MINSI SECSe a 
TO NEAREST e 0 1  
SEC. . a .  

"""""""""" 

"""""""""" . a .  . . a .  

"""""""" . . e .  . . . a .  
8 . a a .  . . e a .  

"""""""" . """"""" a .  

WAIT FOR KEY-- .. KEY IN PROCEED a 
BOARD ENTRY .................... V33E a .  

a. """"""" a .  . . a *  . . e .  . -""""" 
TERMINATE  FLASH am 

PROCEED OR NEW a. a LOAD 
DATA e a .  DESIRED 

e T(ALfGN1 . 
.PROCEED mNEU . . .DATA a . . . 

a KEY IN . 
UPON RECEIPT OF ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a a a ~ a a a a a V 2 5  Ah0 

"""""""" . "--------- a . . . . . . 
a . . a . . . ......... 

STORE DATA a 

""""" . . . . . . . . . . . . . a . . . ........... . . . . . . a . . . 

""""" 

a 2 2 0  

9230 

$240 

if250 

iy260 

a270 



a 
a 

8 

a 
a 

a 
a 

"""""""" 

SELECT iuOMI :dAL 
IMU ORIENTATION 
FOR GIMBAL 
ANGLE  COMPUTA- 
TION 
"""""""" 

a 

W A "  a 

SEE AbOVE 
a a 

a a 
* a m  

a a 

SELECT  PREFERRED 
IMU  ORIENTATION 
FOR GIMBAL ANGLE a 
COMPUTATION a 

""""""""- 

"""""C""" 

a a 

a a 
a 

"8" a 
SEE ABOVE. 

aom.a  
a 

a 
a 

a 

a 
a 

a 

a 
a 
a 
a 
a 

0 

a 
a 

a 

a 

a 

8 

a 

a 

a 

8 

a m  a 
a m  *am 

a m  a a 
"""""""""" 

READ VEHICLE  ATTI- 
TUDE. FROM GIMBAL 
ANGLES 
"""""""""" " _ ~ ~ ~  ~ 

a 
a 
a 

"""""""""" 

COMPUTE GIMBAL 
ANGLES AT SELECTED 
I VU OR1 ENTAT I ON AND 
PRESENT VEHICLE 
ATTITUDE 
"""""""""" 

a 
a 

a 

a 

a 
a 

a 

a 

a 

a 

a 

a 

a 
a 
a 

a 

0 

a 

a 
a 
a 

0 

a 

a 
a 
0 

a 

a 
a 

a 
a 

a 

0 

a 
a 

a 

a 
a 

a 
a 
a 

a 

a 
a 

a 
a 

a 

0 

a 

" A "  
SEE a 

ABOVE a 

e a  
a 

a 
a 

a 

#280 

#290 

#300 

Y310 

Y320  



w :  . . 
. . . 

* .  ....... 
HOLD 

. 

. . 

. 

. . 

. . . . 

. . . . 

e :  

. . 

. 

. 
"""""""""" 

FLASH VERB-NOUN TO 
REQUEST  RESPONSE AND 
DISPLAY THE RESULT- 
ING GIMBAL ANGLES: 

V06 N l ?  
R1-OG ROLL 
R2-IG  PITCH 
R3-MG YAW 

ALL GIMBAL ANGLES I N  
DEGREES  TO NEAREST 
-01 DEGREE 
"""""""""" . 

. 

. . . . . . . . 
"""""""""" 

WAIT FOR  KEYBOARD 
ENTRY 

* .  * .  
0 .  D........ ... e . 
* .  I 

"""""""""" 

MONITOR  DSKY: . 
~ o . . ~ . . . o e . . ~ ~ ~ . o ~ ~  QBSERVE  VERB-NOUN 

FLASH TO  REQUEST 
RESPONSE  AND DISPLAY 

AFTER  PROPOSED CQM/ 
OF GIMBAL ANGLES 

IMU ALIGNMENT . 
"""""""""" . 
"""""""""" 

.. 
I S  MIDDLE GIMBAL 
ANGLE SATISFACTORY? 
"""""""""" 

.Y . 
0 .  

BY SUITABLE MODE 
SELECTION ENSilRE 
THAT VEHICLE I S .  
AS INERTIALLY 

POSSIBLE TO' EN-. 0 

SURE ACCURACY OF 
IMU COARSE 0 .  

ALIGNMENT. 0 .  

.Y 0 .  

"""""""". 

STABLE AS 0 .  

"""""""" 

. 0 .  * .  
0 .  ."""""""_ . KEY I N  PROCEED 

~ . o ~ ~ ~ . . ~ ~ o ~ ~ . . ~ . m ~ m  V33E """""""_ 0 .  * .  
0 .  * .  * .  

"""""""" 

0 .  

. . 
DO I WISH TO 
MANEUVER. VEHICLE 
TO AN ATTITUDE 
WHICH N I L L  PRO- e 
VIDE A M3RE . 
SUITABLE YGA? 
"""""""" 

.N .Y 
0 .  * .  * .  * .  
0 .  * .  * .  * .  0 .  

0 .  

* .  
* .  

Y330 

! 

1340 

1360 

1380 



. 0 .  0 .  

0 .  0 .  . m .  0 .  . """"""_ . MANEUVER  VEH- . I C L E  VJITH. . . ROTATI3lr i  
CONTR3LLER . """"""_ 

m .  . """"""_ 
UPDATE  THE . D I S P L A Y  OF 

m m m ~ m . m o m m m m m m o m . m . . ~ ~ ~ m m ~ ~  R E S U L T I N G  . . GIMBAL  ANGLES . KEY I N  RECY- 
CLE . V32E """"""_ 

0 .  

m m  . 0 . o m  . . m .  . e .  
.mm...m.m 

m .  

0 .  
"""""""" TERMINATE  FLASH UPON 

0 RECEIPT OF PROCEED SELECT NEd PRO- 

GRAM 
RECYCLE OR hEW PRO- . t . . m m . . s m . m . ~ . m m ~ ~ .  GRAM AS DESIRED 

.RECYCLE .P .NEW 
m .  mR mPROG . 
0 .  .o . . 0 

0 .  .c s . 
0 .  .E GO TO """""""" 

om. mD -PR3GRAM GO TO PROGRAM 

KEY I N  V37E-wE 
"""""""""" """""""" . 

0 .  .E --------. . * 

SELECTED SELECTEO 
"""" """""""" . . 0 . . . . . . 0.. mom 

: E X I T  ;52 
. 
e E X I T  P52. . . . . . 

"""""""""" 

SELECT  F INAL   DESIRED . 
IMU ORIENTATION FROM 
STORAGE FOR USE BY 
THE  COARSE A L I G N  0 

ROUTINE  (R50)  . 
"""""""""" . . . . . . . . . . 

#390 

$400 

fGlO 

#420 

Y 4 3 0  

Y440  



. . e . . 
"""""""""" 

DO COARSE ALIGN m m m m e e m m m m e m m ~ m e m m m e  WA1T"SECONDS 
R W T I N E  (R50) FOR COMPLET13rU OF 

"""""""""" 

"""""""""" CdARSE ALIGMEIVT 
e . . . e . 
e ..*e . .  . 

e *  . 
e 

"""""""""" 

"""""""""" 

DO STAR SELECTION e 
ROUTINE (REFER T3 e . 
SECTION 5.5.3  OF . 
R547 VOL 1). . SEE ABOVE 

TWO TWO e 
*STARS .STARS 
mAVAILRBLEmNOT 

mAVAILA6LE . . . MONITOR  DSKY; 
. .  . DOES ALARM 

e FLASH VERB-PiDUN e CODE DISPLAY 
e TO REQUEST  RES- m m m e m o e e m * m m m m e e e e m m  INDICATE THAT TWO 

POME AND, D I  SI* STARS ARE  NOT A V A I L -  
PLAY ALARM CODE: e 

VOW3 1 e e FIELD OF VIErl? . R 1 -  . . """""""""" 

R2- . .Y .N . R3- . 

"5" 

"""""""""" . e 
..meme...... 

e . e  . e  . 
e m .  . * e  

. m  . 
e . . """""""""" 

"""""""_ 
ABLE IN THE SCT 

"""""""" e . """""""i . e e . SHALL I BYPASS . R56 AND AT- . 
e . TEMPT  MANUAL . . . e STAR ACQUI- . . SITION? e 

e e e .Y mN . e -""""""e . s e a m m  . . . e . m .  . e """""_ . . MANEUVER . e VEHICLE U b  . . TIL A SUIT-- a 
e e . ABLE STAR e . . IS ACirUIRED . . e e .  . . . . m e  
e . e e m m  
e e e * e  . e . . m .  
e . m m  
e . e .  . . . . e  

e . m e  . . e e m  
e . e e e *  

"""""_ 

Y450 

$470 

Y 4 8 0  

*490 



e :  
e . . 
e . 
e . 
e 
e 

0 . . . . 
e . . 
a . . 
e . . . . 
0 

e 
e . 
e 
e . 
e 
e 

e . 
e . 
e 
e . . . . . . 
0 

c . 

. 0 

e e 
e  e 

e . . . 
"""""""" 

WAIT  FOR KEY-  
BOARD ENTRY 

T E R M I N A T E   F L A S H  
UPON R E C E I P T  OF 
PROCEED OR RE-- 
CYCLE. 

. e  . 
~ . . e e . e m a e ~ . e a o b e . e e  

0 .  e . . 
a . . . . . e . . 
e e 
e . . . . . . . . . 

e . . . . . 0 . . . . 
0 * 
e . . . 
e . . e . . 
0 . 
e . . e . . e 

. e  . 

e e .  

e e .  . - . -  e m  . 0 .  . . e  -""""" . . 
K E Y  It$ PRO- e e 
CEED 

V33E 
. e  

m .  

8 .  """""- 
e . . 
e . . . 
e . 
0 . . 
e . . . . 
e . . 
. 
b . . . 
0 

"""""""I . 
e P  O R  
.R .E 
.O e c  . 
.C .Y e 
.E .C a 
.E e l  . 
.D e E  
a e . . ee....e 

e . 

0 .  

e .  

0 .  
"""""" l 

MANEUVER e 
V E H I C L E  ON- 
T I L  A SUIT" 
ABLE S T A R  e 
MAY BE AC- e 
W I R E D .  e 

FDA1 BALL 
TO A V O I D  e 
GIMBAL LDCK.. 
(NOTE: AS- e 
T R O N A U T   M A Y  
USE O P T I C S  0 

TO A S S I S T  
A T T I T U D E  e 
CHOICE OR e 
MAY MANEU-. 
VEA AT e 
RAMDOM. 1 

MOlii 1 TOR . 

"""""_ . e . 
e e """""_ 

KEY IN RE-. e 

C Y C L E  e 
V32E e """""_ . . . . 

e . 
e . . . 
e . 
e . 
.......e..... w e e  e 

"""""""""" . 
DO F I N E  A L I G N  ...e......e..eeeee.e 

R O U T I N E  (R5i) e 
"""""""""" 

e 
e . 
e . 
e . 
e 

. . 
* a . I . . 
0 e 

0 . . 
"""""""""" 

DO FIhE A L I G N  
R O U T I N E  ( R 5 1 )  
"""""""""" . . 

e 
e 
e 
e . 
e 

Y500  

#5 10 

#530 

Y540 



a 

a 
"""""""""" 

IS REPiDEZVOUS 
FLAG SET? 
"""""""""" 

e N  e Y  

a 
"""""""" 

SET  TRACK FLAG 
(SEE P20) 
"""""""" 

e 
a 
e 

"""""""" 

SET UPDATE FLAG- 
(SEE P20)  
"""""""" 

a 
a 
e 

"""""""". e 
DISPLAY  P20 e e a a a a a a * e a e a a a e a a a e  
"""""""" 

e 
a 

a 
mas 

a 
EXIT  P52 

"""""""""" 

IDLING PROGRAM 
(POO) : 

V50 NO7 
R1-00000 
R2-BLANK 
R3-BLANK 

"""""""""" 

a 
a 

a 
a 
a 

a 

e 
e 

"""""""""" 

15 REkDEZVOUS 
NAVIGATION PROGRAlri 
(P20)  IN PROCESS? 
"""""""""" 

a Y  a N  
e 
e 

a 

a 
e 

e 
a 
a 
a 
a 
a 
a 

a 
a 
e 
a 

e 
a 
a 
a 
a 
a 

e 
a 
a 
a 
e 
a 

"""""""". 

MONITOR DSKY: a 
OBSERVE DISPLAY a 
OF P20 UPON COM- 
PLETION OF P52 
"""""""". 

a 
a 

a 
a 
a 

m e a  
a 

a 
a 

EXIT  P52 e 
a 
a 

MONITOR  DSKY: 
OBSERVE VERBrNOUN 
FLASH TO REQUEST 
PLEASE PERFORM. 
SELECTION OF PO0 

"""""""""" 

"""""""""" 

e 
a 
a 
e 
a 
a 
e 
e 
e 
a 
e 
a 

a 
e 
a 
a 
a 

a 
* 

$560 

1580 

Y590 



. . . . . 
"""""""""" 

WAIT FOR  KEYBOARD 
EhTRY 

TERMINATE FLASH  JPON 
RECEIPT OF REQUEST 
FOR NEW PROGRAM 
"""""""""" 

e . 
"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" 

e . 
e.. 
e 

EXIT P52 

. . 
e 

t 
"""""""""" 

KEY IN REOUEST FOR 
NEW PROGRAM 

V37E--E 
"""""""""" 

"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" . 

.me 

€XI; P52 

#600 

1610 



, 



APOLLO COMPUTER LOGIC  CHECKLIST  IhTERFACE 

CSM/IMU  REALIGPi PROGRAM (P53)  REV 17 10/31/66 

PURPOSE: (1) TO ALI6.v THE IMU TO 3NE ( G ) +  OF TdO ORILNTATIONS SELECTED BY THE ASTRONAUT: 

( A )  PREFERRED ORZENTATION 

AN OPTIMUM ORIENTATION FOR A PREVIOUSLY CALCULATED MANEUVER. THIS ORIENTATION MUST BE CALCULATED AND 
STORED  BY A PREVIOUSLY  SELECTED PROGRAM. I F  THE PREFERRED IMU ORIENTATION IS SELECTED THE CMC WILL 
AUTOMATICALLY  SELECT THE PREFERRED CSM ATTITUDE  (SEE BELOW). 

( 6 )  NOYINAL  ORIENTATION 

X i: UNIT(Y  XZ 1 
-SM . -SM -SM 

Y = UNfT(V  X R )  
-5M " 

2 = UNJT(-R) 
-SM - 

WHERE: 

H = THE GEDCENTRIC RADIUS VECTOR  AT TIME T (ALIGN) SELECTED  BY THE ASTRONAUT. - 
V = THE INERTIAL  VELOCITY VECTOR AT TlME T (ALIGN) SELECTED 6 Y  THE ASTRONAUT. - 

(2 )  TO ALIGN THE CSM  TO 3NE (3)* OF Ti40 ATTITUDES SELECTED 0 Y  THE ASTRONAUT: 

( A )  PREFERRED ATTITUDE 

AN OPTIMUM VEHICAL  THRUSTING  ATTITUDE FOR A PREVIOUSLY  CALCULATED MANEUVER. THIS  ATTITUDE MUST BE 
CALCULATED AND  STORED BY  A  PREVIOUSLY  SELECTED PROGRAN. I F  THE PREFERRED IMU  ORIEhTATIOh IS SELECTED  THE CMC 
WILL AdTOMATICALLY  SELECT  TdE PREFERRED CSW ATTITUDE  (SEE ABOVE) 

(E)  NOHlNAL  ATTITUDE 

X = U N I T I Y  X Z 
-C5M  -CSM -CSM 

Y = UNIT(V  X R l  
-C5M " 

Z = UNIT(-R)  
-CSH - 

ASSUMPTIOI~S: (1) THE DOCKED CDNFIGURATIONS MAY BE LM/CSM OR CSM. TrlE PRESENT CONFIGURATION IS KNOWN BY THE CMC DUE TO THE DISCRETES 
PROVIDED TO THE CYC. 

ZAf" 
. .  P53/CSM2/278 



PROGRAM OR THE CREJ dISHES TO MANUALLY MANEUVER THE  VEHICLE. THE AUTOPILOT CONTROL X A Y  BE  GkC OR SCS  AND IF GkC MAY BE 
(2) THERE ARE NO RESTRAINTS UPON THE CSE'I ATTITUGE CONTROL  MODkS UNTIL A GIJCS CONTROLLED MANEUVER IS CALLED BY A 

FOR FiANUALLY CONTROLLED MANEUVERS THE CREk KUST SELECT THE CORRECT  MODES. 

( 3 )  THE ISS IS 3N AND HAS BEEN ALIGNED TO A KNOWN ~RIE~TATIOFI   r iH ICH I3 STORED Ill THE CMC (REFSMAT). THE PRESENT 

AUTO9 HOLD CR FREE. PRIO2 TO GHCS CONTROLLEG MANEUVERS THE CMC d I L L  REQUEST THE CORRECT MODE I F  I T   I S  NOT I N  EFFECT. 

IMU  ORIENTATION  D.IFFERS F3OM THAT TO M I C H   I T  WAS LAST  ALIGNED ONLY DUE TO  GYRO DRIFT  ( IoEa  NEITHER  GIMEAL LOCK NOR 
IMU PONER INTERRUPTION  HAS OCCURED SINCE THE LAST ALIGNMEN 1. 

(4) AN INTERIM  VEHICLE  ATTITUDE (2)*. YAY BE NECESSARY BETWEEN THE I N I T I A L  ( I ) *  AND F I N A L   ( 3 ) *  ATTITUDES TO ALLOk  STAR 
SIGHTINGS TO BE MADE  FOR THE F I N A L  IMJ.  ALIGNMENT. THIS  ATTITUDE  KILL BE NECESSARY I F  2 NAVIGATION STARS CANNOT BE AC- 
QUIRED  EITHER FROM THE PRESENT ( l ) *  OR F INAL   (3 ) *   VEHICLE ATTITUDES. I T  WILL ALSO  BE  REQUIRED I F  2 NAVIGkTION STARS 
CAN BE  ACQUIRED FROM THE PRESENT VEHICLE  ATTITUDE ( l ) *  BUT NOT THE FINAL  VEHICLE  ATTITUDE ( 3 ) *  AND  AN INTERIM  IMU 
ORIEhTATION  (B)*  (SEE ASSiJMPTION 1 5  BELOW) IS REQUIRED. 

( 5 )  AN INTERIM IMU ORIENTATION (B)*  MAY BE NECESSARY BETWEEN THE I N I T I A L   ( A ) *  AND FINAL  (C) / (D)*   ORIENTATIONS IF A 
COMEINATION OF IMU  ORIENTATION AND VEHIICLE ATTITUDE riOULD  RESULT I N  GIMBAL LOCK. 

(6) STAR SIGHTINGS MUST BE TAKEN WHEN THE IMU  HAS  BEEN COARSE ALIGNED TO ORIENTATION  (C)* WHICH IS SLIGHTLY I N  ERROR 
FROM ( D l *  DUE  TO THE INACCURACIES OF THE  COARSE ALIGNMENT PROCEDURE. THESE SIGHTINGS WILL BE  USED TO F I N E   A L I G N  THE 
IMU TO FINAL  ORIENTATION  (Dl*. 

( 7 )  THE PROGRAM I S  DESIGNED FOR  ONE  YAN OPERATION. 

( 8 )  THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

*REFER TO FIGURE 4-3 OF R-547 VOL I SECT 4 

PROG 
CONT 

CMC GR3UND CREW 

"""""""""" 

DO  PROGRAM SELECTION 
CHECK ROUTINE (HOl) 

"""""""""" . . . 
0 . . . . 
a 

.CREd PROG 

.SELECTION . 
0.. . . """""""""" 

.......a........oa.. KEY I N  CSM/I%J RE-- 
a ALIGN  PROGRM  (P53) 

V37 E 53E 
"""""""""" . 

a 

...a.o.a...a........ DO  PROGRAM SELECTION 
l """""""""" 

CHECK ROUTINE (R01) 
"""""""""" 

CHECKLIST TIME  TOTAL 
TIME 

* lo  

Y20  



e . 
e 

e 

0 
"""""""""" 

START  CSM/IMU RE- e 

DISPLAY  PROGRAM 53 0 

ALIGN  PROGRAM  (P53) e o o o e o m e e o e e e m o o e e e o  

"""""""""" 

e 
e 
e 

"""""""""" 

STORE NUMEEH OF 
PRIOR PROGRAM 

0 

e 
e 

"""""""""" 

RESET I N T E R I M  
VEHICLE  FLAG 
"""""""""" 

e 

e 
0 

"""""""""" 

RESET INTERIlvi PLAT- 
FORI? FLAG 
"""""""""" 

e 
0 . 

"""""""""" 

RESET  INITIAL ST4R 
SIGHT  FLAG 
"""""""""" 

e 
e 
e 

"""""""""" 

RESET TRACK FLAG 
(SEE P20) 
"""""""""" 

e 
m . 

"""""""""" . 
ROUTINE (R02)  
DO  IMU  STATUS  ChECK m e e e e e m m e e e e o e e o e m m o  

0 

"""""""""" 

e 
e .......... 
e 0 . e 

0 . 
e e 

e e 
* e 

e . 
e e . . 
e . 
e e 

"""""""""" 

MONITOR DSKY: 
OBSERVE DISPLAY OF 
PROGRAM 53 
"""""""""" 

"""""""""" 

DO IMU STATUS CHECK 
ROUTINE (RO2)  
"""""""""" 

0 

e 

........ 
e e . e 

0 0 

e e . e . e . e 

e . 
e e 

e 

0 . 
0 e .  . 0 .  

#30 

$40 

#50 

Y60 

$70 



a a 

a a 
a a 

a m a  a a a 

0 .  a 
. a m  a a a 

"""""""""" 

FLASH VERB-NOUN TO a a 
REQUEST  RESPONSE AND a a 

DISPLAY  OPTION CODE o o a . o o a a a o a . a a o o a a a a  

a. 

FOR ASSUMED IMU o m  
ORIENTATION SELE- m e  a 
CT I ON :. . 

V06 N-- 
a .  
o m  a 

R1-000-- . 
R2-000X 

a o  

R3-BLANK 

ma 

. 0 .  

a .  0 

a 
R1 IS THE OPTION 

a .  

CODE FOR ASSUMED I M U  
a 

ORIENTATION SELE . 
TION 

a .  
0 .  a 

R2 IS THE CMC 
e a  
a .  . 

ASSUMED OPTION: . 
00001-PREFERRED 

m a  
o m  

00002-NOMINAL a m  a 

0 .  . 
. 

"""""""""" 0 

a m a  a . a m  a . o m  0 

a 0 .  . 
0 a .  a 

. . e a  
a . 0 .  

"""""""""" 

MONITOR DSKY: 0 

OBSERVE VERB-IVOJIU 
TO REQUEST  RESPDNSE 
AND  DISPLAY OF a 
OPTfOh  CODE FOR a 

TION SELECTION . ASSUMED IMU ORIENTA a 

"""""""""" . 0 

w .  0 

a 
a 0 

a a 
a a 
0 a 
0 a 
a e . 
e . 
0 a 

"""""""""" 

IS THIS  THE IMU 0 

ORIENTATION I a 
DESIRE? . 

aY .N . ""9"""""""- 

. 0 .  . 0 0 .  

a a 0 a .  
"""""""""" a """""""" 

a m  

WAIT FOR KEYBOARD a o a a a a a a . a a o a o a o o o o a  KEY IN PROCEED a a 
ENTRY e 0 .  0 V33E o m  

a m  
a m  a 0 a m  
a .  a a o m  

o m  

0 .  . """""""". 

0 .  0 a 
TERMINATE  FLASH  UPON a ma 
RECEIPT OF PROCEED o a e . o o a a o a o a a a a o o o o o o o a a a  KEY IEi V22 

a """""""_ 
a 

OR NEW DATA a ma . AND LOAD  THE 
a a DESIRED  3RIENTA 

.P .NEW o m  a a 
CODE 

a TION 
a R  a m  a a CODE I N  22 a 
a 0  a o m  a 
aC 

"""""""""C" 

"""""""_ 
0 a .  a a a 

.E e 

.E 

.D 

a m  """"""_ 
NEW CODE a .  . """"""C 

0 0 

a 0 . . 
a . 
a a 
a 0 

a . 
a 

IC90 

1110 

IC120 

Y130 



0 :  
a 

a 
a 
"""""""""" 

IS STORED ORIENT4- 
TlO& CODE 000017 
"""""""""" 

.N .Y 
a a 
a a 
"""""""" 

IS PREFERRED 
ORIENTATION 

a FLAG  SET? 

a a 
a a 

a """""""_ 

a 
* -  

a 

"""""""""" 

WAS PREFERRED I Y U  
ORIENTATION SELECTED 

.Y .N 
"""""""""" 

a a 
a a 

a 
a a 

a . a . 
a 

a a 
a a 

a 
m 0 

a a 

a 
0 a 
a a 
"""""""" 

MONITOR DSKY: 

RESPONSE AND 
DISPLAY ALARM 
CODE: 

V05N31 
R1- 
R2- 
R3- """""""_ 

CODE DISPLAY a 
INDICATE THAT 
A PREFERRED I?lU a 

ORIENTATION a 
HAS. NOT BEEN a 
SPECIFIED? a 

.Y a h  a 

"""""""" 

a a .  

a a .  
0 ma. 
a a .  
a GO TO a 
a -a- 
a BElOid a 
8 a 

0 
"""""""" 

IS THE NPHINAL 

TION SATISFAC-. a 
TORY OR DO I a 
WANT A a 
PREFERRED a 

I r w  OR I ENTA- 

IMU ORIERTATION? a 

iuOM mP2EF a 

a a a 
a . a 
a a 
a a a 

a a 
a a a 
a a a 
a a a 
a a 

#140 I 
. 

Y150 

Yl60 

9170 



"""""""_ 
WAIT FOR KEY- 
BOARD  ENTRY 

~ ~ ~ - - -  
0 

"""""""_ . 

. 
0 """"""".. 
GO TO PROGRAM 
SELECTED """""""_ 

0 

0 

0 . 0  

E X ~ T  ~ 5 3  

0 .  o......... 
0 

0 
"""""""" 

SELECT T (ALIGN) 
EQUAL TO T I G  OF 
NEXT  MANEUVER I F  
AVAILABLE9 OTHER- 
WISE  EQUAL TO 
PRESENT TIME 
+ - IriINUTES 
"""""""" 

0 

0 

0 

0 

0 

0 . 
0 

0 

1 0 

SELECT DESIRED- 
""""""", 

PROGRAM TO 

FERRED IflU 

DEFINE A PRE- 

ORIENTATION 0 

KEY I N  0 

V37" 0 

""""""" 

AND  THEN R E -  
SELECT T H I S  
PROGRAM. 

e 
0 

0 

0 

0 

0 

0 

0 . 
0 

0 

GO TO PROGRAM 
""""""". 

SELECTED .""""""-. 0 

0 

e 
0.0 

0 

0 

0 

0 

0 

EXIT  P53 0 . 
e 
0 

0 

0 . . 
0 

0 

0 

0 

0 

0 . 
0 

0 . 
0 

#ZOO 

1 2  10 

#220 

#230 

. 

t 2 4 0  

P53/CSM2/278 



. . . . . . . . . . ........... ...... 
0 .  . 0 .  . 
. . 
0 .  . 
0 .  . 0 .  

0 .  . 
"""""""" . """""""""" 

FLASH VERB-AOUN . MONITOR  DSKY: . ......... RESPONSE AND .................... . 
DISPLAY  T(ALIGN:) HOLD RESPONSE  AND DISPLAY 

V06 N-- . OF T(AL1GN) . 
Rl-T(ALIGN)-HRS 
R2-T(ALIGN)-MINS . . 
R3-T (ALIGN) -SEC5 . . . . . 

TtALIGN)  TIME . . . 
(GET) AT  vJHICH . . . 
VEHICLE  POSITION . . 
AND VELOCITY * . . 
VECTORS  ARE . 
SELECTED TO 
OEF I NE NOM1 iJAL . THIS VALUE?' . 
IMU  ORIENTATION . 
AND NOMINAL 

HRSI MINSI SECSI 
TO NEAREST 001 
SEC. . . 

. TO  -REQUEST . 0BS.ERVE VERB4OUN . 
FLASH TO REQUEST 

"""""""""" 

"""""""""" . AM I SATISFIED dlTH 

. .Y .N . """"""""I- 

' CSM ATTITUDE. I N  . 0 .  

0 0  

0 .  

0 .  

. . . 
"""""""" . . * .  . . . * .  . . . . . . . . .  

0 .  
"""""CI". . """""""" . 

WAiT FUR KEY-. 
BOARD  ENTRY .................... V33E m .  . . * .  . 0 .  ""-""" 

0.  KEY I N  PROCEEG 4 

0 .  
""""""". 

. 
TERMINATE FLASH 

PROCEED OR MEW 0 .  LOAD . 
DATA DESIRED' . 
"""""""" . T(ALIGN3 . 
.PROCEED .NEW . . .DATA . . . STORE DATA 

KEY I N  . 
UPON RECEIPT OF .........o....................Y25 AND . 

"""""- . ......... . """"" . . . """"" . . 
0 . . . . . . 8 . . ........... . 

. . . . . . . 

. . . . . . . . . . 

#250 

1260 

1270 

#280 

1290 



e 



e 

e e 

e 
0 4  e *  """""""_ TERMINATE  FLASH UPOh e e e e 

RECEIPT OF PROCEED  ommom mom ommom mom om mom KEY Ird u22 
OR NEW DATA * * e  AND LOAD THE 0 

"""""""""" 

* P  e1JEW 
mR *CODE 
e o  
e C  e 

* E  e 
* E  
e D  

""""""_ 
MEk CODE m 

e """"""- 
e e 

e 
* * * * * e * * * * * *  

e 
"""""""""" 

IS STORED ATTITUDE 
CODE 00001 
"""""""""" 

eN * Y  
e 
* -  e 

* * e  e 
e e 

GO TO 
"B" e 

BELOW e 

e 

"""""""""" 

IS PREFERRED 
3RXENTATION  FLAG 
SET? 
"""""""""" 

* Y  * N  

0 

. e * * * . * .  e 
e 
e 

PO55 em FLASH VERB-NOUN  TO 
"""""""""" 

e 
e e 

e 

e e 
e 
e 

e 

e e 
0 

e 

0 

e 
e e 

e 
e e 

e 
e e 
e 0 

e 
e e 

e e 

e 

e e 
e e 
e e 

e 

e e 
e 

e e 

e e . e 
e e 

* * e * * * * * *  

HOLD e e  
e 
e 
e 
e 
0 

e 
0 

e 
e 

e 

2.23. 

REQUEST RESPONSE 
AND DISPLAY ALAR3 
CODE: 

V05 N31 
R 2.- 
RZ- 
R3- 

. DESIRED 0 

ATTITUDE e 

0 CODE I N  RZ """""""- 
e e 

e . * * . * * e *  
* 
e 
0 

0 

e 

"""""""""" 

WAS PREFERRED CSM 
ATTITUDE SELECTED 
"""""""""" 

.Y DN 
e 

e e . 
e 
e 

e e 
e e 

e 
e 
e 

e e 
e 
e e 
e * 
e e 
0 e 
e 

0 e 
e 

""""""""* 

e e e  MONITOR DSKY: e 
.emmmmmmeeeeemeeemmm DOES  ALARM CODE 

e e *  DISPLAY  INDICATE 
THAT A PREFERRED e 

e e C5M ATTITUDE HAS e 

e e NOT BEEN e 
e 0 SPECIFIED? e 

e """"""*"" 
"""""""""" e e e Y  e N  e 

e e *  

P350 

Y360  

1370 

Y380 

t390 



. 0 
"""""""""" 0 
WAIT FOR  KEYBOARD . . """"" 

0 .  KEY I N  . 
0 .  0 V32E 0 . ENTRY .................... RECYCLE . . 

0 0 

0 0 ------"--- 

0 .  

0 .  

0 .  

0 .  .... 0 .  

0 .  

. 
0 

0 . 
0 . 
0 . 
0 . 
0 

50 TO . 
"A" 

BEWW 
0 . -"""""""" 

IS THE NOMINAL 
CSM A T T I T U D E .  SATISFACTORY . 0 

FERRED CSM . 
ATTITUDE? 0 

OR DO. I S T I L L  
WANT A  PRE- . """"""""_ 

NOM oPREF 
0 

0 

. . . . 

. 
0 

TERMINATE  FLASH . 
UPON R E C E I P T  OF 
RECYCLE OR  NEW 
PROGRAM 

. c  .................... 
0 .  - 

""""""""" - 
PROG 0 

. 
NEW .RECYCLE . . . 

W . 
0 

0 

0 

. . .............. 
-""""""" 
GO TO PROGRAM 
SELECTED """""""_ 

0 

0 

E ~ I T  ~ 5 3  

0 . 
0 0 

SELECT  DESIRED 
"""""""- 
PROGRAM TO, D E F I N E  A PRE- . 
FERRED CSM ATTI-. 
TUDE  AND THEN 
RESELECT THIS 
PROGRAM. KEY I N  . 

V37--E . 
0 """""""_ 

0 . . . 
0 

0 

GO TO PROG2AM 
"""""-"" 
SELECTED "-"""""" W . 

0 

. 
0 . 0 

E X I T  P 5 3  

t 4 1 O  

#42 0 

iy450 

P 5 3 / C S b l 2 / 2 7 8  



e 
e 
e 
e 
e e * e e e e e e e e e e e e *  

e 
e 

"""""""""" 

OBTAIN PREFERRED CSM 
ATTITUDE FROM 
STORAGE 
"""""""""" 

e 
e 
e 

COMPUTE GIMBAL 
ANGLES AT NOMINAL 
IMU  ORIEhiTATION 
AND PREFERRED 
CSM ATTITUDE 

"""""""""" 

"""-9"""""" 

rn 
e 
e 

"""""""""" 

POSS e FLASH VERB-hOUN TO 
e e e e e e e e e  REQUEST  RESPONSE  AND e o e e e e e e e e e e e e e e e e e e  
HOLD DISPLAY THE RESULTING 

e 

e 
GIMBAL ANGLES: 

V06 N17 
R1-MG ROLL 
R2-IG PITCH 
R3-OG YAW 

ALL GIMBAL ANGLES IN 
DEGREES  TO NEAREST 
e 0 1  DEGREE 
"""""""""" 

e 
e 
e 
e 
e 
e 

"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

"""""""""" 

MQN I TOR  DSK Y ; 
OBSERVE  VERB-NOUN 
FLASH TO REQUEST 
RESPONSE  AND DISPLAY 
OF GIMBAL ANGLES 
AFTER  PROPOSED CSM/ 
I W  ALIGNMENT 

~~ ~ ~ " _  

"""""""""" 

e 
e 
e 

"""""""""" 

I S  MIGDLE G I Y 5 A L  
ANGLE  GREATEi? TdAN 
45 DEGREES? 

e M  e Y  

"""""""""" 

e 
e e 

e """"""" 

e KEY I N  PROCEED s 
e e e e e e e e e e e e e e e + e e e e  V33E e 

e 
e 
0 

e """"""". 

Y460 

Y490 



TERMINATE  FLASH UPON 
RECEIPT OF  PROCEED 
OR RECYCLE 
"""""""C"" 

.R .P 

.E .R 
*C .O 
.Y  .C 
.C  .E 
.L .E 
.E .D .' . ... . . . 

RETURN TO . 
START OF . 
THIS PROGRAM . . . . 

'A' . 
SEE ABOVE . . . 

0..  . 
""""""""_. 
SELECT PREFERRED 
IMU ORIENTATION 
AND PREFERRED CSM 

USE BY FOLLOWING 
ATTITUDE FOR . 
COMPUTATIONS . 
"""""""C" . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 

. . . """""""_ 
SELECT PREFERRED 
CSM ATTITUDE 
FOR USE BY 
FOLLOW I NG 
COMPUTATIONS 
"""""""" . . . . "6' . SEE ABOVE . . . . . . . ... . . . . . . . . . . 

0 . . . . . 

. . . . . 
0 '  . #5 10 

*.. . 
RETURN TO 
START OF 
THIS  PROGRAi4 

1520 

1540 

#550  



e 
e e 

e e 
e 

SELECT  NOkINAL 
CSM  ATTITdDE 

e FOR USE 
BY THE 

e FOLLOkING 
e COMPUTATIONS """"""_ . 
e .  
e .  
* e  
"""""""" 

SELECT NOM1 IJAL 
IMU ORIENTATION 
FOR USE BY 
FOLLOWIEIG 
COMPUTATIONS 
"""""""" 

e 

""""""""_ 
READ  PRESENT VE-~ 
HICLE  ATTITUDE 
(1) FROM  GIMBAL AN- 
GLES. """"""""_ 

e 

e """""""""_ 
CALCULATE IF THE 
PRESENT  VEHICLE AT- 
TITUDE (1) AND  THE 
FINAL IMU ORIENTA- 
TION ID)  WILL RESULT 
Iit 6IMBAL LOCK. 

.Y e N  
"""""""""" 

e """""_ e '  

SET INTERIM 
PLATFORM e 
FLAG. e """""_ 
s e 
e e 
e e 
e * 
e . 

e 

1560 

Y570 

2590 

l600 



. . . . . 
"""""""""3- 

DO STAR SELECTION 
ROUTINE (REFER TO 

R547 VOL I) 
(NOTE: THIS ROUTINE 
WILL SELECT ONE SET 
OF STARS FROM  THE 
FOLLOWING CASES I N  
ORDER  OF SELECTION 
PRIORITY: 

SECTION 505.3 OF 

( A )  THE OPTICS 
CAN ACQUIRE 2 
NAVIGATION STARS 
FROM THE  PRESENT 
VEHICLE  ATTITUDE 
(1) AND  AN INTER- 
I M  IMU ORIENTAT- 
ION I S  NOT R E W I -  
RED (INTERIM 
PLATFORM FLAG 
I S  RESET). DESIGh 
NATE THESE STARS 
AS #l AND #21 AND 
SET I N I T I A L  STAR 
SIGHT FLAG. 

( 8 )  THE OPTICS 
CAN ACQUIRE 2. 
NAVIGATION STAR5 
FROM THE FINAL 
VEHICLE  ATTITUDE 
(3 )  DESIGNATE 
THESE STARS AS # I  
AND #2* 

(C1 NEITHER CASE 
( A )  OR (8)  ABOVE 
APPLI E L  
CALCULATE AN IN- 
TERIM  VEHICLE AT-- 

WHICH 2 NAVIGA-. 
TITUDE ( 2 )  FROM 

TION STARS  CAN BE 
ACWIRED AND 
WHICH  DOES  NOT 
RESULT I N  GIMBAL 
LOCK  WHEN THE IW 
I S  AT  THE FINAL 

DESIGNATE THESE 
STARS  AS t l  AND 
+ t o  SET THE 
INTERIM  VEHICLE 
FLAG. 1 

ORIENTATION (D). 

0 

I 

P53/CS#2/2?8 
! 

I 

0630 

t640 



"""""""""" 

e 

e 
"""""""""" 

IS INTERIM  PLATFORM 
FLAG SET? 

e Y  e N  
"""""""""" 

e.. 

e 
"""""""""" 

e 
e 

e 
e 

e IS INTERIM  VEHICLE 
e FLAG SET? 

e e Y  .N 
"""""""""" 

e *  e 
e .  e 
""""""""" 

e IS INITIAL STAR 
e SIGHT  FLAG SET? 

e e .N e Y  

""""""""" 

e.. 
e . *  

"""""""" 

e e e DISPLAY ON DSKY e 
e e 10 SEC: 

e * *  R 1-0005Q 
. e *  Rt-&LANK 
e.. R3-BLANk 

e e 00050- FINAL IMU 
e ORIENTATION(C/D)e 

e e e STAR  SIGHTING5 
e e REQUIRED AT PRES-. 

e ENT  VEHICLE AT- 
e e e TITUDE (1). 

e * *  
.*e*...**....** *.*e. 

V O 1  N25 

e.. 

"""""""" 

e * *  
1.. e 
* . e  e 
..e ..*e .**e... 

* e *  e 
* e m  e 

"""""""_*" 
DISPLAY ON DSKY 10 

e SEC: 
. e  V O 1  N25 e 
* e  Rl-00051 e e e m m e e e e m e e e e e m e m m *  
* e  R2-BLANK e e 
e .  R3-BLANK e 
e .  
e a  e .. e .. e 
e *  

* A "  
SEE ABOVE 

e 
.e* 
e 

"""""""""" 

MONITOR OSKY: 
OBSERVE 10 SEC DZS- 
PLAY OF CODE  INDICA- 
TiNG SEQUENCE FOR 
IMU ORIENTATION AND- 
VEHICLE  ATTITUDE FOR 
STAR SIGHTINCBe 

~ 

L710 

#660 

#670 

Y690 

t f O O  



. . . . 
00051-FINAL IMU 
ORIENTATION (C/D). 
STAR SIGHTINGS 
REQUIRED AT FINAL . 
VEHICLE ATTITUDE . . (31. 
""""""""" 

0 .   0 .  

0 .  

. 

. 
0 .  

0 .  

0 .  . 
0 .  

0 .  

. . 
""""""""" - 

0 .  .... 
. 

DISPLAY ON DSKY 10 
SEt:  I . V O l  N25 . . Rl-00053 . . R3-BLANK 

00053-FINAL IMU 
ORIENTATIONLC/D) . 
STAR SIGHTINGS 
REQUIRED AT INTERIM 
VEHICLE ATTITUDE . ( 2 ) .  . """"""""" 

. RZ-BLANK ..................... . . . . . . . . . 
0 . . . . 

. . . . . ............ . . . . . . ............ . . 
""""""""" 

IS INTERIti VEHICLE . 
FLAG SET? . 
""""""""" 

Y. . N . . 
."I""""" 

. . . . . . . DISPLAY ON 
DSKY 10 SEC: . V O 1  N25 . . Rl-00052 . . RZ-BLANK . . R3-BLANK . . ........................ . 
00052-INTERIy . . . . . 

. . . . . . . 

P53/C5M2/278 ! 

I 

1720 

1730 

I 

1310 

-1750 

f760 



IMU  ORIENTA- 
TION ( 8 )  a 
STAR  SIGHT- 
INGS REQUIRED 
AT FINAL VE- 
HICLE  .ATTI- 
TUDE(3)a """"""_ 

C"""""" 

DISPLAY 06 
DSKY 10 SEC: 

V O 1  N25 

RZ-BLANK 
R3-BLANK 

R1-00054 

00054-INTERIM 
IMU  ORIENTA- 
TION  (B) 
STAR  SIGHT- 
INGS REQUIRED 
AT  INTERIM 
VEHICLE  ATTI- 
TUDE (2 )  a """"""_ 

a 
a 
a 

CALCULATE A% 
INTERIM IMU 
ORIENTATION(B) 
WHICH DOES NOT 
CAUSE GIMBAL 
LOCK WHEh VEH- 
ICLE IS AT 
ITS  INJERIH 
ATTITUDE ( 2 )  
OR PRESLNT 

""""""" 

ATTITUDE (1) a 
""""""" 

a 
a 
e 
a 
a 
a 
a 

a 
a 
a 

a 

a . 
a 

a 
a 

a 
a 
"""""""""" 

f770 

678 0 

_"" 

P53/CSM2/278 

Y790 

f a l o  



. . . . . a . 
a 

""""""" 

CALCULATE AH 
INTERIM IMU 
ORIENTATION(6) 
WHICH DOES N9T 
CAUSE  GIMBAL 
LOCK WHEN VEtl- 
ICLE IS AT 
ITS  FINAL 
ATTITUDE ( 3 )  
OR PRESENT 
ATTITUDE (1) 
""""""" 

"""""" -~ ~. 

SELECT INTERIM 
IMU INERTIAL 
ORIENTATION(6) 
FOR USE BY 
COARSE ALIGN 
ROUTINE (RSO) 
""""""" 

. . """""""- 
SELECT FINAL 
IHU INERTIAL 
OR I ENTAT I ON (D) 
FOR USE BY 
COARSE ALIGN 
ROUTINE  (R50) 0 """""""_ . . . . . . 

"""""""""" -~~ 

DO COARSE ALIGN 
ROUTINE (R 5 0 )  """""""""- . . . 

0 .  . . . 
a 
a . . . . 



. . . . . 
"""""""""" 

IS  INITIAL STAR 
SIGHT  FLAG SET? 
"""""""""" 

.N .Y . w . . . ....... 
""""""""" "~ ~ ~ 

IS IhTEGIti VEHICLE 
ATTITUDE  FLAG  SET 
""""""""" 

Y. . . 
"""" 

RESET 
INTERIH 
VEHICLE 
FLAG 
"""" . 

e . 
""""""" 

SELECT IbiTERIM 
VEHICLE  ATTI- 
W O E  (2 )  FOR 
ATTITUDE 
MANEUVER 
ROUTINE (R6O).  
""""""" . . 

W 
"""""""" . SELECT FIiiAL . VEHICLE  ATTITUDE 
(3) FOR ATTITUDE 
MANEUVER  ROUTINE 

"""""""" . . . . . . 
e (R60)- 

"""""""""" 

SET  THREE - AXIS  FLAG 
FOR USE BY ATTITGDE 
MANEUVER  ROUTINE 
(RbO) 
"""""""""" 

. . . . . 
"""""""""" 

DID PFiEVfOiJS DSKY 
DISPLAY  INDICATE 
THAT  STAR  SIGHTING5 
WERE NECESSARY FROM 
THE  PRESENT  VEHICLE 
ATTITUDE(1) 
(Rl-OOOSO)? 
"""""""""" 

.Y . . 
e 
e 
e . . 
0 . . . . 
e 

e 
e 
e . . . . . . . 
e . .. ....... . . . . . . . . . . . . . . . 

a . 
a . 
. . . . 

..+.... 

.N . . . . . . . . . . . 
a . . . . 
e . . . 
a . . . . . . . . . . . 
W . . . . . . . 
e . . . . . . . 
a . 

0 
P53/CSMZ/278 

a870 

1690 

#900 

1910 

YO20 



e 

e 

"""""""""" e .  .................... 
ROUTINE  (R 6 0 ) .  
30 ATTITUDE MANEUVER 

"""""""""" 

"""""""""" 

IS I K T E R I h  PLATFORM 
FLAG  SET? 
"""""""""" 

.N .Y 

e 

e 
""""" 

RESET  IN-  
* T E R I M  

PLATFORM 
e FLAG """""_ 
"""""I 

S E L E C T   F I N A L  

T I O h  (01 FOR 
USE BY COARSE 
AL IGN  ROUTINE 
( R 5 0 1  

IMU ORIENTA-- 

""-"""" 

""""""" 

DO COARSE 

e 
e 

"""""""""" 

DO ATTITUDE  dANEilVER 
ROUTINE ( R  601. 
"""""""""" 

DID  PREVIOUS.DSKY 
D I S P L A Y   I N D I C A T E  
THAT  AN I N T E R I M   I M U  
ORIENTATION HAS 

OR 0 0 0 5 4 1 3  
"""""""""" 

"""""""""" 

REQUIRED. (R1-00053 

.Y O N  

e 
e 
e 
e 

e 
"""""_. . 

e 

30 F I N E   A L I G N  
ROUTINE  (R51)  . 
"""""""""" 

"""""""""" 

e 

"-"""" .......... 
0 .  

e """"""""" 

. * .  .................... DO FINE A L I G N  
ROUTINE  (R51).  
""""""""" 

e 

e 
e 

t 9 3 0  

1940 

S950 ! 

#960 
! 

I 

1970 



a 
e 
e 
e 
a 
e 
a 
e 
e 
e 
a 

a 
e 
a 
e 
e 

"""""""""" 

SELECT FIFiAL 
VEHICLE ATTITUDE ( 3 )  
FOR ATTITUDE 
MANEUVER ROUTIiFtE 
(R60) 
""""""-""I" 

e 
e 
e 

"""""""""" 

DO ATTITUGE MAXEilVEil 
ROUTINE (R60) >. 

*.ea.* e***am*a..*amm 
a 

"""""""""" 

e 
a 

e 
e 
a 

I 3 r  a 
a - 

e 
a 
a 

e 
a 

"""""""""" 

DIE PREVIOUS 3SKY 
DISPLAY INDICATE 
THAT SIGHTINGS TOOK 
PLACE AT THE FINAL 
VEHICLE  ATTITJDE(3)? 
(Rl-00051 OR GO05217 
"""""""""" 

a lu 
a 
e 
a 
a 
e 
a 
a 
a 

e 
e 
e """"""""- 

DO ATTITUDE 
MANEUVER ROUTINE 
(RbO) TO FINAL 
VEHICLE ATTITJDE 
( 3 )  IF DESIREDe """"""""_ 

"""""""_. 
RE30 ATTITrl3E 
hANEUVE2 RDU- 
TINE  (RbO) TO 
TRIM FINAL VEH- 
ICLE ATTITUDk 
(3) IF DESiHEDa 
THIS WILL EN- 
SURE THAT  THIS 
ATTITUDE HAS 
BEEN OBTAINED 
IN CASE NANUAL 
MANEUVE2S HAVE 
BEEN USED FOR 
STAR ACOJISI- 
TION, 3R- ASTRO- 
NAUT HAS SELEC- 
T E D  OTHER STARS 
THAN THESE 
RECOMMENDED BY 
THE CMCa """""""_ 

dl 3/CSHZ/278 
Y980 

Y l O O O  

YlOlO 

*lo30 

P53/CS&2/278 



"W 

. ....... . 
HOLD 

. * . . P 5 3 / C W t / Z ? I  . . 
"""""""""" 

WAS TRACK FLAG SET 
AT P53 INITIATION? 
"""""""""" 

.Y id . . . """""""- 
SET  TRACK FLAG """""""- . . . . . . 

. . . . . . 
DEPENDING UPON  THE 
ORIGINAL PROGRAlrl 
CALLING P53 FLASH 
VERB-NOUN TO REQUEST 
PLEASE PERFORM 
SELECTION OF 

V50 NO7 
R1-000" 
RZ-BLANK 
R3-BLANK 

""""""""." 

PROGRAM  P") 

RELATIONSHIP OF 
ORIGINAL PROGRAM 
TO REQUESTED  PROGRAM 
IS AS  FOLLOWS: 

P40/PCO 
P41/P41 
P22/P22 

"""""""""" . 

. . . . . . . . 
e . . . . . 

. . . . . . . . . . . . 
e . . 

"""""""""" . 
MONITOR DSUV: 
OBSERVE FLASHING 
VERB-NOUN TO REOUEST 
SELECTION OF 
MZIGINAL PROGRAM 
CALLING FOR IN- 
FLIGHT ALIGHMENT 
"""""""""" 

. .................... . 

. . . . . . . . . . . . . . 
KEY I &  DESIRED 
PROGRAM 

"-"""""""" 
V37E "E 

"""""""""" . . """""""""- . 
TERMINATE P53 AND 
GO TO PROGRAM 
SELECTED OF P 53 AND DISPLAY 

"""""""""" 

MONITOR DSKI : .................... OBSERVE TERMINATION 

"U"""""""" OF P " 
"""""""""" . . . . . . . 

*10*0 

tlO5O 

41060 

e1070 

11080 



a 
r- 
N 



z 
3 a 



APi lLLO COMPUTER LOG,IC  CHECKLIST  INTERFACE 

ENTRY-MANEUVER  TO,  CM/SM  SEPARATION  ATTITUDE PROGRAW (P61) REV 5 10/31/66 

PURPOSE : (1) TO  .ORIENT  THE.CSM TO  THE-CORRECT  ATTITUDE FOR CM/Sk  SEPARATION. 

ASSUMPTIONS: (1) THE PROGRAM I S .  ENTERED  WITH  ADEQUATE  FREE  FALL  TIME TO  COMPLETE  THE  MANEUVERS FROM  A WORST CASE  STARTING  ATTITUDE, 

( 2 )  THE I S S   I S  ON AND PRECISELY  AL IGNED TO  A SATISFACTORY  ORIENTATION* 

( 3 )  THE PROGRAM I S  SELECTED BY THE  ASTRONAUT  BY  DSRY ENTRY. 

(4) THE  SPLASH  POINT-COORDINATES MAY HAVE BEEN LOADED  INTO  THE CORRECT ERASABLE  REGISTERS  PRIOR  TO  DEoRBIT BURN, 

PROG 
CONT 

CMC GROUND CREW 

.CREvi PROG 

.SELECTfQtu . 
0..  . 

"""""""""" 

DO PROGRAM SELECTION ..o.**.............. KEY I N  EKTRY-kAkEU- 
CHECK R O U T I N E   ( R o l l  . VER  TO  CM/SM-  SEPARA- 

. """""""""" 

T I O N   A T T I T U D E  PRO- 
GRAM ( P b l )  

V 3 7 E   6 l E ;  
"""""""""" . 
"""""""""" 

m ~ . m m m . o m m m . m . . . ~ . . .  DO  PROGRAM SELECTIOK 
CHECK  ROUTINE ( R o l l  

"""""""""" 3"""""""""- . . 
"""""""""" 

START  EkTRY-MANEUVER 
TO CM/SW SEPARATION 
A T T I T U D E  PROGRAM 
( P 6 l )  

D I S P L A Y  PROGRAM 61  PROGRAM 61 

"""""""""" 

MONITOR  DSKY: 
m . . m . + o . m m m m . . . m . m ~ .  OBSERVE  DISPLAY OF 

"""""""""" """""""""" 

. . 

CHECKLIST T IME  TOTAL 
T I M E  

Y 1 0  

620 

Y30 



. 
"""""""""" 

IS AVERAGE G I N T E -  
GRATION Oh? 
"""""""""" 

.Y N 
0 . 

""""""""* 

EXTRAPOLATE  STATE 
VECTOR TO T 1 =  
PRESEPiT T I M E  + 
60 SEC """"""""_ 

. . """"""""_ 
& A I T   U N T I L   T i  """"""""_ 

0 

""""""""_ 
TURN O N  AVERAGE b """"""""_ . 

0 . . 
-""."""-"""" 
IS i l i\iIT ( V  X i? )  

WITHIN 30 DEG OF 
* Y  ? 
-SM 

" 

"""""""""" 

Pbl/CSM2/278 

9 4 0  

S60 

. Y  . . 
0 

. 

. 

8 . 

ii 

"""""""" 

I S   U N I T  ( v  X 2)  

h I T H I k  30 DEG OF 
-Y  7 
-Sh 

3 -  

"""""""" 

.Y 

. 

. 

. P61/CSM2/270 

0 



0 0 0 

0 0 0 """""""_ """""""""" 

COMMAND PGOGRAN ObSERVE PROG2AM 
ALARM AND 
DISPLAY 

V05   N31  0 CODE ( I i i U  RE- 
O R 1  * 0 VERSE0 ZERO ROLL 

R2-- 0 ON FDA1  BALL dILL 
R3- 0 MEAN L I F T  DOWN) 

0 o o o o o o o o o o o o o o o o o o o o  ALARM LIGHT ON DSKY 
0 AND DISPLAY 3F ERROR 

I""""""" """""""""" * .  
0 .  0 

"""""""" 

COMMAND  PROGRAM 
ALARM AND ~ ~ o o o ~ ~ o o ~ o o o o o o o o o o o o o o o ~  ALARM LIGHT  3N DSKY 
DISPLAY AND DISPLAY OF- ERROR 

0 .  V05 h31 CODE (IMU  UNSATIS- 
0 .  R 1 -  FACTORY 1 
* *  RZ- """""""""" 

0 .  R3- 

"""""""""" 

OBSERVE PROGRAi4 

"""""""" 

0 .  0 

0 .  0 

0 .  0 

0 "-"""" 
WAIT 10 SEC """""_ 

0 0 

0 0 

0 0 

FLASH VERB-NDUN TO 
"""""""""" 

MGiiITGt? DSKY: 
"""""""""" 

REQUEST RESPONSE AND o o o o o o o o o ~ o o o o o o o o o  O6SERVE  VEil6-NOUN 
o o ~ o o o o o ~  DISPLAY: FLASH TO REQUEST 

0 V06 N53 
HOLD 

RESPONSE AND DISPLAY 
R 1  - G MAX OF G MAX, VPRED AND 
R2 - VFRED GAMMA E 1  
A3 - GAMMA E 1  "C"""""""" 

G MAX - MAX PREDICTED 
G FOR FREE FAiL AND 
ENTRY AT 6ANK ANGLE 
OF 60 DEG (L/D MAX 

<- AND  AT BANK 
AhGLE OF ZERO 
DEGo (L/D MAX=*30) 
FOR VPRED>-o I N  

001 G o  

= 0 3 6 )  FOR VPRED 

GS  TO NEAREST 

%90 

# 1 1 0  

# 1 2 0  

8130 



VPRED- PREDICTED 
I N E R T I A L   V E L O C I T Y  
AT 400~000 F T  
A L T I T U D E  A B O V t  
LAUNCrl  PAD  RADIUS. 
IN FPS TO  NEAREST 
FPS. 

GAMMA E1 - F L I G H T  
PATH ANGLE.  ANGLE 
BETWEEN I N E R T I A L  
VELOCITY  AN2  THE 
LOCAL  HORIZONTAL 
AT  THC EhTRY  INTER- 
F A C E   A L T I T U D E  

DEGREES  TO  NEAREST 
(400~000 F T ) .   I N  

e 0 1  DEGr 
"""""""""" 

0 

"""""""""-- 
d A I T  FOi? KEYBGAAD 
EidTRY m............,...... 

TERMInlATE F L A W  i)P01v 
RECEIPT  OF PROCEED 
"""""""""" 

0 

0 
"""""""""" . . FLASH VERB-MOUN 

HOLD AND D I S P L A Y :  
TO REQUEST  RESPONSE . o . o . o . * m o ~ . . o . . . o . m  

V06 N-- 
i31 - RTGO 
R2 - VI0 
R 3  - TTE 

P b l / C S M 2 / 2 7 8  

# 140 

f 1 5 0  

"""""""""" 

RECORD DATA IF 
NECESSARY 
"""""""""" ~~ 

0 

"""""""""" 

KEY Iiu' P R K E E 3  
V 33 E 

"""""""""" 

"""""""""" ~~~ ~~ ~~~ 

t4OiuITCii DSKY: 
OBSERVE VERB-tVOUh 
FLASH TO REOUEST 
RESPOFlSE  AND D I S P L A Y  
OF EMS I h I T A L I Z A T l O N  
PARAMETERS 
"""""""""" 

#I60 

e190 



RTGO -. RANGE  TO GO 
FROM 21*210*384 FT. 
GEOCENTRIC RADIUS 
MAGNITUDE TO ThE 

NAUTICAL  MILES TO 
.SPLASH  POINT. I N  

NEAREST a 1  NM. 

V I 0  .. PREDICTED 
INERTIAL  VELOCITY 

RADIUS I N  FPS TO 
A T  21r210r384 FT. 

NEAREST FPS. 

TTE - TINE TO GO 
FROM NOk TO 

RADIUS I N  
M I N  AND  SEC TO 

21t2106384 FT. 

NEAREST SECo MAX 
READING IS 59-59. 
"""""""""" . . 
"""""""""" 

0 . . . . . 
"""""""""" . 
RECORD DATA F;)R 
EMS I N I T I A L I Z A J E O N  
"""""""""" . . . 

. . . . . . . . 

. . 
""""""". WAIT FOR KEYBOARD . .. 

ENTRY 
KEY I N  PROCEED .................... V33E 

TERMIMATE  FLASH UPON 
RECEIPT OF  PROCEED 
"""""""""" 

. . 
"""""""""" 

SELECT CSI.1 ORIEhTA- 
TION FOR CM/SIUI SEP- 
ARATION FROM  STORAGE 
CSM + X  AXIS  POINTED 
I N  QIRECTIOM OF 
FLIGHT AND 60 DE-- 
GREES  ABOVE VELOCITY 
VECTOR. + Y  A X I S  Ih 
DIRECTION OF  ANGULAR 
MOMENTUM VECTOR* 
R X Vm THIS  ATTITUDE 
I S  ARRIVED AT  BY 
MEANS OF A SIMPLE 
PITCH UP MAhEUVER 
FROlY THE NDMINki 
HEADS  UP  RETRO  BURN 
ATTITUDE 
"""""""""" . . . . 

#200 

8 2  10 

t220 

""""""". - 



a 
a 

e 
a 

e 
a 
e 

"""""""""" 

CALCULATE C S k  I NER- 
T I A L   O R I E h T A T I W \ i  FOR 
CWSM  StPARATIOtU AND 
STORE FaR USE B Y  
A T T I T U D E  MANELIVE2 
ROUTINE (R6C1) 
"""""""""" 

a 
a 

a 

P 6 1 / C S R 2 / 2 7 8  

6250 

"""""""""" 

SET  THREE A X I S   F L A G  
"""""""""" 

a 

e 
a 

"""""""""" a 

DO A T T I T U D E  MAi\iELIVEii a a a a a e a a a a e a e e a a a a a a  
ROUTINE (R60) a 
"""""""""" 

e 

e 
a 
a 

a 
a 

"""""""""" 

TERF~INATE PRGbRAr i  a 
61 AND GO ON TO a a a a a a e a a a a a a . a a a a a a  

ENTRY  Ch/Sk  SEP- e 
ARATION AND Pi lE- 
ENTRY  MAKEUVER 
PROGRAM ( P  6 2 )  
"""""""""" 

a 
a 

. a .  
a 

E X I T  P 61 

"""""""""" 

DO A T T I T U D E  WhEi iVER 
ROUTINE (R60)  

# 2 7 0  

"""""""""" 

"""""""""" 

MCN I TGR DSK Y : 
OBSERVE T E R M I N A T I O h  
OF P 6 1  AND D I S P L A Y  
OF P 42 
"""""""""" 

a 
a 

a 
a 

e a .  

a 
E X I T  P 61  

#290 





APOLLO COYPUTER LOGIC  CHECKLIST   IhTERFACE 

ENTRY - CM/SM SEPARATION AhrD PRE-ENTRY MAlLEClVER P2.3G3AN ( P 6 2 )  REV 7 10/31 /66  

PURPOSE: (1) TO N O T I F Y  CRElJ HiHEN GNC SYSTEM I S  PREPARED FOR CM/SM SEPARATION. 

( 2 )  TO ORIENT  THE CM TO THE CORR-ECT A T T I T U D E  FOR ATk3SPHERIC ENTRY. 

ASSUMPTIOhS: (1) THE PROGRAM 15 ENTERED # I T H  ADEQUATE  FREE F A L L   T I M t  TO ACCONPLISH CM/SM SEPARATION AND TO C O W L E T E   T h E   M A ~ E U V E R  
FROM A WORST CASE  STARTING  ATTITUDE. 

( 2 )  THE  IMU I S  SATISFACTORXLY  ALIGNED FOR  ENTRY. 

8E  SELECTED WANUALLY. 

(4) T h E   S P L A S H   P 3 I N T   C O O R D ~ I ~ A T E  MAY HAVE  BEE&  LOADED  INTO  THE  C3RRECT  ERASABLE  REGISTEN  PRIOR  TG  THE  DE-ORBIT BURbi. 

13)   THE PROGRAM I 5  AUTOMATICALLY  SELECTED BY THE  ENTRY  MANEiJVER TO CM/SM S E P A R A T I O N   A T T I T W E  PROGRAH ( P 6 1 )   3 R   I T  NAY 

PRGG 
CONT 

CKC 

.CMC PROG 
oSELECTIOIC . . 

0 . 0  . 
"""""""""" 

30 PROGRAM SELECT IOid 
CHECK ROUTI i IE  (HD1) 

YESC 

"""""""""" . 
0 . 

"""""""""" 

START  ENTRY- 
C>i/SE S E P A R A T I S i l  AN3 
PRE-EbiTRY  MANEUVER 
PROGRAM ( P   6 2 )  
D I S P L A Y  PROGRAM 62 
"""""""""" 

CREd 

.CREN F2OG 

.SELECTION . . 
0 . .  . 

KEY Iiu ENTRY: 
CM/SM SEPARAT13% AND 
PRE-EkTRY  NANEirv'ER 
PROGRAM ( P 6 2 )  

"""""""""" 

V 3 7 E   6 2 E  
"""""""""" 

0 . . 
"""""""""" 

DO PEOGKAh  SELECTiOiy 
CHECK G C U T I h E  (2.01) 
"""""""""" 

"""""""""" 

~ O l v  I TOR DSKY : 
OGSERVE  DISPLAY OF 
PKOGRAM 6 2  
"""""""""" 

CHECKLIST T IME  TOTAL 
T I M E  

# l o  

#20 

0 
. . . . 
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0 9 9  . 
@ :: : 

" - 

0 0 .  0 

0 0 .  e 
"""""""""" 

F L A S H  VEKB-NOUN 
"""""""""" 

MONITOR GSKY: 

FLASH TO REQclEST HOLD PERFORM CM/SM SEPAR- 
* * * * * * * * * * T o  REQUEST  PLEASE o o o o o o o * o o o o o o o o o o o o  OBSERVE VERB-NDJN 

ATION:  PLEASE PERFORH. CM/SM 
e V 5 0  N25 
e R 1  - 00041 
e R 2  - BLAhK 
0 R 3  - BLANK 

0 e RATED. 0 

SEPARATION 
"""""""""" 

CM/SMo O C W S M  

SEPA-• oATED 
NOT. oSEPAR- 

"""""""""" 

0 0 0 0 

e 0 0 0 

0 0 0 0 

e START SSAh FOR START C W S M  
e SEPARATE 

MOVE CM/Sh 

D I S C R E T E  
SEPARATI3W o o o o ~ o o o o  SEP SWITCH  T3o 

SAFETY  PAPiEL 
0 0 0 """"""-* 
0 0 0 0 0 

0 0 0 0 0 

0 0 e 0 

0 0 0 

0 0 """""""""" 0 

"""""""" """""" """"""-* 

SEQUENCE, UP ON CREW 
e """""""" """""" 

0 * *  PRESSURIZE CM e e 

0 0 RCS SYSTEM e 0 

0 0 """""""""" 0 0 

0 0 0 0 0 

0 0 e e e 

0 0 0 0 

0 0 """""""""" 0 0 

0 0 TRAiJSFER  ATTITUDE e 
0 0 C3NTROL  FROK St4 RC5 0 0 

0 0 TO CM HCS 0 0 

0 0 """""""""" 0 0 

0 0 0 * 0 

0 0 0 0 0 

0 0 e 0 e 
e 0 

2 E C E I V E  SEPARA- SEi\jD CM/Srvi 0 0 

T l O i \ i   D I S C R E T E   o o o e o o o S E P A R A T I 3 N  0 e 

0 0 """""""""" 0 e 

0 0 0 e 0 

START 5 SEC 0 0 0 

TIMER """""""""". 0 e 

START CM/Sivr 0 0 

0 0 S E P A R A T I 3 k :  e e 
0 e ( 1) MECdANICAL 0 0 

e SEPARATION  OF 0 0 

0 0 CM/ SM 0 a 

0 0 ( 2 )  SM BACKAWAY 0 0 

e .. SEJdENCE 0 e 

"""""""" """""""""" 

""""""""* D I S C R E T E  TO ClyC 0 v 

"""""""" 0 0 0 

"""""""" 

0 0 -""""""I""" 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
2YB 0 0 

@ C S M 2 / Z 7 8  

#140 

#150 

#160 

#170 



. . 

. . . . . . . . 

. . 

. 

. 

. . . 

. . . . . . 

. """"""-"" 
N A I T  FOi7 
KEYBOARD 
ENTi3Y 

TERM I hATE f LASH 
UPOh RECEIPT OF 
EFiTEFi OK PilOCEEi) """"""""- 

ENTER. .? 
mR 
.O 
.C . .E . .E . mD . . . """""""_ 

HAS SEPAHATIOK 
DISCRETE  EEEh 
RECEIVEU? 

h. .Y 
"""""""- 
. . .... 

. . . . . . . . . . ....... . . . .................... WiiEiv SATISF IED THAT. 
CM/SM SEPARATION 

""-""""""" 
HAS  SATISFACTORILY 
OCCLJRED KEY I N  . 
ENTER """""""""-* . 
"""""""""" .................... KEY I i h  PROCEE3 

V33E 
"""""""""" 

"""""""""" 

* A I T  tJi4TIi T I M E R  . 
REACHES 5 SEC. . 
"""""""""" 

s . ...... 
"""""""""" 

TdEN Gi\j ENTiiY LAP 

P62/CSM2/278 

* 190 

#210 

* 2 2 0  

#230 

1240 

......... . . . . 
PQYr5M2/278 



a a 
a e 
a a 

e a a 
a e a 
a a e 
a a a * a  

"""""""""" a 

a a 0 a a a FLASH VERB-i.jOUN TO 
"""""""""" 

a MOiG I TO2 DSKY : a 
HOLD REQUEST RESPONSE AND e OBSERVE VERB-NDdN a 

DISPLAY STORED DATA a e a e e a a a e a . a a a a e a a o a e  FLASH TO R E N E S T  a 
e a RESPONSE AND OISPLAY e 

OF S/C ENTRY DATA a 
V06 N62 
R1-IMPACT  LAT 
R2-IWPACT LONG 
R3-HEADS UP/DONN 

IMPACT  LAT - LATI--  
TUDE OF DESIRED 
IMPACT  POINT. I iU  
DEGREES TO NEAREST 
a 0 1  DEGa + IS NORTH 

IMPACT ,LONG - LONG- 
ITUDE OF DESIRED 

DEGREES TO NEAREST 
IMPACT  POINTa I N  

a 0 1  DEGa + I S  EAST 

HEADS  UP/DOdN .. 
DEFINES EhTRY  ROLL 
ATTITUDE 
+00001 FOR HEADS UP/ 
L I F T  DOWN 

/ L I F T  UP 
-00001 FOR HEADS D O ~ I V  

"""3""""""- 

e 
e 
e 

a 
a 

"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

NOTE THAT LAT AND a 
LONG MAY HAVE  BEEN a 
LOAUED BEFO2E RETRO- a 
BURN TO SPEED i iP  a 
THIS  LOAD ROUTINE a 
"""""""""" 

a e 
a a 

a a 
a a 

a a 

a a 
a a 
a a 
a a 
a a 

a a 

a a 
e a 
a a 
a a 
a a 

AM I S A T I S F I E D   d l T H  a 
THESE  VALUES? 0 

"""""""""" 

"""""""""" 

a Y  a iu a 
e * a  

a *  
""""""""* 
KEY I h  PROCEED e a 

e a a a e a a * a e a a e e a a e e e a  V33E a m  ""-"""""" 
a m a  
a e a  

m e  

PROCEED OR kEk' DATA a a 

e .  

TERMINATE  FLASH 
UPON RECEIPT OF 

""""""_ 
a e a a a a a a e a a a a a o a e a a a e ~ a e a a e e ~ K E Y  I N  

V25 a 
"""""""""" a AND LOAD a 

Pe .NEW a DES I RED a 
Ra .DATA a PARAMETERS a 
Om a a """"""_ 

#250  

# 2 6 0  

# 2 7 0  

Y280 

#290 

Y300 

P62/CSM2/278 



W 

W 

W 

W 

W 
"""""""""" 

CGMPUTE Cfvi 
I N E R T I A L   A T T I T U D E  
NECESSARY  TO G I V E  
THE  CORRECT  ANGLE 
OF ATTACK  (ALPHA) 
AT ENTRY  INTO 
THE  ATMOSPHEREwFDR 
L I F T  DOWN T h I S   A T T I "  
TUDE WILL 6E O B T A I N -  
ED  AFTER A S I M P L E  
P I T C H  DONN  MANEUVER 
FROM THE  SEPARATION 

UP AN A D D I T I O N A L  180 

REQUIRED 

ATTITUDEw FOR L I F T  

DEGw ROLL 15 

"""""""""" 

W 

0 

0 

D I S P L A Y  Obi DSKY DE- 
S I R E D   F I N A L   G I M B A L  
ANGLES: 

"""""""""" 

V O 6   N 1 7  
K 1 -  OG R O L L  
R2-  I G   P I T C H  
R 3 -  MG YAki 

I N  DEGREES TO 
NEAREST w01 DEGw 
"""""""""" 

W 

W 

W 
"""""""""" 

DO nclivEWEii CALCJLA-  
T I O N  AND  DAP  DRIVE 
AT 4 DEG/SEC 

iri320 

Y330 

# 3 4 0  

0 

0 

W 

T E R I ~ I I N A T E  PRGGRAM 

I N I T I A L I Z A T I O N  PROG. W 

( P  6 3 )  

"""""""""" 

W 

62 AND GO TO ENTRY- o w o w o o w w w w w ~ w w o w w ~ o o  

"""""""""" 

0 

W 

W 

0 

W 

W 

W 

W 

W 

0 

"""""""""" 

MONITOR  D%Y: 
OESERVE  TERMINATION 
OF P 62  A h 0   D I S P L A Y  
OF P 6 3  n350 

P 6 2 / C S M 2 / 2 7 8  

0 



E 





9 A P 3 L L O  COMPUTER LOG1 C- CHECKLIST  INTERFACE 

E N T R Y - I h I T I A L I Z A T I O N  PROG2AM (P63)   REV 6 

PURPOSE : (1) TO I N I T I A L I Z E   T t i E  ENTRY  EQUATIONS. 

( 2 )  TO CONTINUE  T3  HOLD  Tr lE CM TO  THE  CORRECT A T T I T J D E   N I T H   R E S P E C T  TO  THE  ATMOSPHERE FOR THE OEvSET OF ENTRY 

( 3 )  T O ' E S T A B L I S H  ENTRY DS4Y DISPLAYS. 

DECELERATION* 

(4)  TO SENSE e05G AND D I S P L A Y   T H I S   E V E N T  TO THE CREW BY  SELECTING  THE  ENTRY-POST 0.056 PROGRAM (P64). 

I ASSUMPTIONS: (1) THE  PROGRAM IS AUTOMATICALLY  SELECTED BY THE ENTRY-CM/SM SEPARATION AND  PRE-ENTRY  MANEUVER  PROGRAM (P62) .  

CMC GRSUND CREJJ 

.CMC P2OG 

.SELECTION 
0 . 

e.. 

e 
"""""""""" 

START  ENTRY - 
I N I T l A L I Z A T I O P i  
PROGRAM ( 6 3 )  

. D I S P L A Y  PROGRAM 63 .e.*.e*.e.*e.ee.eeee MOiuITOR DSCY: 
"""""""""" 

"""""""""" OBSERVE D I S P L A Y  OF . PROGRAM 63 
e . . """""""""" 

"""""""""" 

PERFORM  ENTRY 
I N I T I A L I Z A T I O N  
R 3 U T I h t  wtiICH 
INCLUDES: 

A-CONTINUE  CALCU- 
L A T I O N  OF I N I T I A L  
ROLL  ANGLE AS A 
FUNCTION OF 
I N E R T I A L   V E L O C I T Y  
AND F L I G H T   P A T d  
ANGLE. 

10/20 /66  

CHECKLIST T IME  TOTAL 
T I M E  

#lo 

120 

P63/CSM2/278 
FY- 



B - C O N T I h i l t   C A L C d i A T I 3 N  
OF DESIRED CM 
P I T C H  AND YAd 
ATTXTLiDE  AS  DETERMI- 
i%ED BY THE. V E t i I C L t S  
P O S I T I G h  AND VEL- 
O C I T Y   # o R o T o  TrlE 
ATkOSPHERE.  PRIOR 
TO 005G T H I S  
A T T I T U C E  IS ZE2O 
S I D E S L I P  AWD ANGLE 
OF ATTACK NEA? 
T R I M  VALUE. 

"""""""""" 

0 

0 

0 

"""""""""" 

t l A I N T A 1 i i  CM A T T I T b D E  
F 3 R   L I F T  VECTOR dP/  
i>3MN* AS SELECTED9 
ZERO S I D E S L I P S  
AND T R I M  ANGLE 3F 
ATTACK 
"""""""""" . 

0 
"""""""""" 

D I S P L A Y  OW DSKY: 0 

V 0 6  &54 * o . o o o o . m o o o o o m . . o . o  

R1-BETA 0 

R2-V I 
R3-R TO T A d 5  

BETA-COhMANDED dANK 
ANGLE I N  DEGREES 
TO NEAREST 001 
DEGREE. 

V I - I N E R T I A L   V E L O C I T Y  
II\ FPS TO NEAREST 
F P S  

2 TO TAKG - RANGE TO 
GO TO T i iE   DESIRED 
SPLASH  POINT 
ASSUMING  SPLASH 
POINT  LOCATED  AT 
CALCULATED  IMPACT 
TIME. I N  N A U T I C A L  
M I L E S  TO hEAREST 
01 NM. 
"""""""""" 

"""""""""" 

MOKITGE  DSKY: 
OBSERVE D I S P L A Y  OF 
B E T A 1  V I  AND 3 TO 
TARG 
"""""""""" 

0 . 
"""""""""" 

MGNITGR GiqCS CONTROL 

ATTITUDE:  

(1) DSKY: 

OF PRE - m055 CY 

R l - B E T A  RE."1AINS 
AT 180 DEG FOR 
L I F T  DOwN/rlEADS 
UP OR AT 0 3EG 
FOR LIFT JP/ 
HEADS DOdV DE- 
PEPtDING LIPON 
A T T I T U D E   2 E W E S -  
TED  BY CREvr I N  
P 6 2  

RZ-VI -NOMIhAL 

a40 

x80 

#90  



ei 
a 
a 

a 
a 
a 
a 
a 

a 
a 

a 
a 

a 
a 

a 
a 
a 
a 
a 
0 

a 

a 

a 
a 

"""""""""" 

d A I T  FOR a 0 5 G  
I l V D I C A T I O N  
"""""""""" 

a 

e 
a 

"""""""""" 

ENTRY  LOGIC  DETECTS 
a 05G 

~~ ~ 

"""""""""" 

a 

a 
a 

"""""""""" 

TERMINATE P63 AN3 60 

PROGRAM ( P 6 4 )  
TO  ENTRY-POST 0005G 

"""""""""" 

R3-R  TO  TARG- 
DECREASING, 

(2) F D A I :  

ATTITUDE  RATES 
LESS THANm-DEGa/ 
SECa 

A T T I T U D E  ERftORS 
LESS  THAN "DEGa 

BALL:  ROLL=-  DEG 
CORRESPOND1 NG TO 
BETA I N  R1 DSKY 
D I S P L A Y  

P I T C H =  -0- 3 E G  
AT --- 
YAW= 0 DES 

"""""""""" 

0 
P63/CSM2/278 

# 100 

fllO 

#130 

Y 140 
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0 . . 
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0 . . . . 
a 

"""""""""" """""""""e- 

D I S P L A Y  Oi'i >SKY: 
V 0 6  N54 
R l - B E T A  a 

MONITOR Ci+N C3NTROL 
a.....*....a.a.*a~aa OF ENTRY: 

R2-V I 
R3-H DOT 

BETA-COMMANDED  aANK 
ANGLE. I N  DEGREES 
TO  NEAREST a 0 1  
DEGREE 

V I  - I N E R T I A L  
VELOCITYa 11% FPS TO 
NEAREST  FPS 

H DOT - RATE 
8f CHA-PJGE -QF 
ALTITUDE. 

NEAREST  FPS. 
I N  FPS TO 

"""""""""" 

a . . 
' 0  

"""""""""" 

C34mkiiD CN A T T I T U D E  
I N  ACCORDANCE WITH 
CMC ENTRY  LOGIC 
"""""""""" . . . 
"""""""""" 

FOR  A NOMINAL MISS- a 
I O N  278 OR 503 ENTRY.a.a.a.~.a.~aa.~ma~a 
( E I T H E R  FROM O R B I T  . 
OR BOOST ABORT)  THE 
CMC WILL GO D I R E C T L Y  
P 64 TO P 67 WHEN G= 
0 2  

TERMINATE P64 A i l 0  GO 
TO ENTRY-FINAL  PHASE 
PROGRAM ( P  6 7 )  

" 

"""""""""" 

a 
a . . 
a 

.am 
a 

E X I T  P 64  

( A )   F D A I :  
ATT ERRORS L E S S  
THAN  --DE5 

ATT  RATES  LESS 
THAN --DEG/SEC 

B A L L   I N D I C A T E S  
L I F T  VECTOR 
D I R E C T I O N  COR- 
R E L A T I O N  d l  TH 
BETA 

(8) DSKY: 
RI -BETA  VARIES 
TO L I M I T  5 AND 
CONTROL L I F T  
VECTOR 

K2 - V I  
DECREASING 
R3-H DOT 
NOMINAL 

"""""""""" 

a . . . . . . 
"""""""""" 

OEjSERVE TERMINATION 
MONITOR DSKY: 

OF P 64 A h 0   D I S P L A Y  
OF P 67 
"""""""""" 

*Y .N . . . . 
a . . . 
a . 
"""""" 

a GO TO BACKUP 
a PROCESJRES 
"""""" . 

a 
a a a  
a 

E X I T  ? 64  

P40 

850 

660 

Y7G 





APOLLO COMPUTER L O G I C   C H E C K L I S T   I ~ T E R F A C E  

ENTRY - F I N A L  PHASE  PRXRAM  (P67)   REV 5 10/26/66 

PLiRPOSE: (1) TO CONTINJE  ENTRY  GUI3ANCE  AFTER .2G UNTIL  TER"J l IN4TION OF STEERING WHEN THE CM VELOCITY WRT EARTH = 1000 F T / S E C  
( A L T I T U D E  I S  APPROXIMATELY.659000 FT.1. 

( 2 )  TO CONTINUE  ENTRY DSYY DISPLAYS. 

ASS~MPTIONS: (1 )  THE PROGRAM IS AUTOMATICALLY SELECTED ay THE ENTRY-POST 0 . 0 5 ~  PROGRAM ( P 6 4 ) .  

PROG 
COhT 

CNC 

.CHC PROG. 

.SELECTION 

0 0 .  

"""""""""" 

START  ENTRY-FINAL 
PHASE PROGRAM ( P  6 7 )  
"""3""""""- 

"""""""""" 

D I S P L A Y  PROGRAM 67 
~. 

"""""""""" 

0 

0 

"""""""""" 

D I S P L A Y  ON DSKY: 
V06 i471 
R1-BETA 
R2-X RNG ERR 
R3-DlrjN RhlG ERR 

CREW 

~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  MONITOR  DSKY: 
"""""""""" 

OBSERVE  DISPLAY OF 
PROGRAH 6 7  
"""""""""" 

"""""""""" 

MONITOR G+N COlLTRGL 
~ 0 0 ~ 0 ~ 0 0 ~ 0 0 ~ ~ ~ ~ ~ ~ 0 ~ ~  OF ENTRY: 

0 

( A I F D A I  : 
ATT ERR325 LESS 
THAN --DES 
ATT  RATES LESS 
THAN "DES/SEC. 

CHECKLIST T IME  TOTAL 
T I M E  

# l o  

120 

$30 



BETA-COMMANDEZ 
BANK ANGLE. I N  
DEGREES TO NEAREST 
e 0 1  DEGREE 

X RNG  ERR  CAC 
SOLUTION FOR  CROSS 

M I L E S  TO REAREST 
RANGE. I N   N A U T I C A L  

e 1 NM (LATANG) 

DdN RNG  ERR - CMC 

RANGE. I N  N A U T I -  

EST e 1  NMe ( T i l E T A )  

SOLUTION FOR D W N  

C A L   M I L E S  TO  NEAR- """""""""_ 
e 
e 
e 

B A L L   I W D I C A T c S  
L I F T  VECTOR 
DIRECTION  C3R-  
R E L A T I O N   N I T H  
BETA 

( 8 )  DSKY: 
R1-BETA  VARIES 
TG L I M I T  5 AhD 
CONTROL L I F T  
VECTOile 

R2- X i iNG E 2 R  - 
NOM I NAL 

R3- DRN a N 5  ERR - DECREASING 
"""""""""" 

"""""""""" _ _ ~ ~  ~~ 

COMMAND CM ATTITUDE 
I N  ACCORDANCE d I T H  
CMC ENTRY  LOGIC 

r 4 0  

# 6 0  

e 
e 
e 

"""""""""" 

HOLDe Wt-IEiJ CM VELOCITY WRT 
eeee.., EARTH = 1000 F P 5  

e FLASH VERB-niOUN 
TO  REQUEST  RESPONSE 
AND D I S P L A Y :  

V 0 6  N-- 
K 1 -  ETG 
R 2 -  L A T  
R3- LOhG 

RTG - RANGE TO 60 TO 
TARGET. I N   k A U T I C A L  
Pt ILES TO NEAREST e l  
NM 

L A T  * L A T I T U D E  ;3F 
PRESENT  POSIT IOhe  I N  
DEGREES TO NEAREST 

( +  I S  NORTH) 
e 0 1  DEG. 

"""""""""" 

MGiJ ITGR  DSKY; 
..e.eo....ee...o.e.. OBSERVE  VERG-NaJN 

e F L A S h  
TO REGUEST  RESP3NSE 
"""""""""" 

e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

#70 



LONG - IOl\iGITUDE OF 

DEGREES TO NEAREST 

( +  15 EAST) 

PRESENT POSITION. I N  

a 0 1  DEG. 

"""""""""" . . 
a . . . . . . . . 

"""""""""" 

W A I T  FGR KEYBOARD 
ENTRY a 

TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
"""""""""" 

"""""""""" 

T W \ i  OFF ENTRY DAP 
"""""""""" . 

a . 
"""""""""" 

TERMIiiATE P67 Ai33 GO 
TO  AGC IDLING 
PROGRAH (PO0 1 
""""""""C"" . . . 

.a. . 
E X I T   P 6 7  

. . 
a 
a 
a 
a . 
a . . . . 
a 

"""""""""" 

MOiiITOR  ALTINETEK 
AiVD STANDBY T3 BACK- 
UP MESC  FOR CHJTE 
DEPLOYMENT 
"""""""""" . . . 
"""""""""" 

WHEN CM I S  04 THE 
CHUTES  KEY I N  
PROCEED 

V33E 
"""""-3"""" 

"""""""""" 

OBSERVE TERYIXATICh 

a OF PO0 
oa......a..a..a~.... OF P 6 7  AND DISPLAY 

"""""""""" . . . ... 
a 

E X I T   P 6 7  

&2 /27B 

P90 

# l o o  

Y110 

#120 

Y130 
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APOLLO COMPUTER LOGIC  CHECKLIST  INTERFACE 0 

PURPOSE: 

LM TRANSFER  PHASE I N I T I A T I O N   ( T P I )  TAZGETING PROGRAN ( P 7 4 )  REV 9 1 0 / 2 6 / 6 6  

(1) TO CALCULATE THE RE3UIRED  DELTA V AND  OTHER IMITIAL  CONDITIONS  REQUIRED BY THE LGC FOR LFI EXECUTION OF ThE 
TRANSFER PHASE I N I T I A T I O N  MANEUVER* GIVEN: 

( A )  TIME OF I G N I T I O N   T I G   ( T P I )  OR THE ELEVATIOk ANGLE (E)  OF THE  CSM/LM  LOS  AT T I G ( T P 1 ) .  

t a l  TRANSFER DilRATION  (DELTA T  TRANS) FR3Y  T IG(TP1)  TO INTERCEPT  TIME. 

( 2 )  T O  CALCULATE T I G   ( T P I )   G I V E N  E OR E GIVEN T I G  ( T P I ) .  
I A I . ' f  

( 3 r " ' T 6  CALCULATE  THESE PARAMETERS aASED UPGN  MANEUVER DATA APPROVED AND KEYED INTO THE CMC BY THE ASTRONAUT. 

(4) TO DISPLAY  T3 THE ASTROhAUT AND TdE GROUND CERTAIN DEPENDENT VARIABLES  ASSOCIATED  WITH THE MANEUVER FOR 
APPROVAL BY THE ASTRONAUT/GROUND. 

( 5 )  T H I S  PROGRAY I S  DESIGNED FOR ONE-MArU OPERATION. 

ASSUMPTIONS: (1) STATE VECTOR UPDATES B Y  P27  ARE DISALLOWED  DURING  STATE VECTOR UPDATING  IN IT IATED BY P20  (SEE ASSUMPTION i 3 ) ) .  

(2) THE PROGRAM  MUST BE DONE  OVER A  TRACKING  STATION FOR REAL  TIME GROUND P A R T I C I P A T I O N   I N  CMC DATA  INPUT ANE OUTPUT. 

TO THE  PARAj\jETERS- FOR  ONE THRUSTING MANEUVER  AT A T INE EXCEPT FOR CONCENTRIC FLIGHT  PLAN MAiqEUVER SEQUEKES. 

( 3 )  THIS  PROGRAiVI. MAY BE PERFORMED CONCURREhTLY lu'ITri THE RENDEZVOUS NAVIGATION PROGRAM ( P 2 0 )  TO UPDATE  THE  LM OR CSN 

CMC COMPUTED VARIABLES MAY BE STORED FOR LATER VE2 IF ICATION BY  THE GROUND. THESE STORAGE C A P A B I L I T I E S  ARE L IMITED  OhLY 

STATE VECTORS kITH  OPTICAL  TRACKING OF THE L M o  T h I S  PROGRAM  MAY ALSO BE PERFORMED INDEPENDAhTLY OF P2O. I F  OPTICAL 
TRACKING IS DESIRED THE 3PTllCS SHOULD BE LOCKED Oili THE LM BY PREVIOUS  SELECTION OF P20o THE RENDEZVOUS TRACKIhG MARK 
COUNTER I S  ZEROED BY THE SELkCTIOh OF P20 ArjD  AFTER EACH THRUSTING MANEUVER. 

I F  PZO IS I N  EFFECT*  OPTICAL  TRACKING WARKS Y A Y  a t  MADE BY SELECTION OF THE RENDEZVOUS TRACKING  DATA PRO- 
CESSING  ROUTINE (RZ2,o R22 I S  SELECTED t3Y V"E UHICn MAY BE  ENTERED WHENEVER THE CMC I S  HOLDING FOR A V/N  FLASHING 
DATA DISPLAY (NGTE: FOR S I M P L I C I T Y   I T  IS ONLY SHOWN BELOhi AT THE  V06N"DISPLAY.) R22  RETURNS TO T H I S  PROGRAM AT  THE 
INTERRJPTED  DISPLAY. 

( 4 )  THERE IS NO REQUIREMEhT FOR IS5 3PERATION  DURIi jG  THIS PROGRAM UNLESS  STATE VECTOR W D A T I N G   I S  DESIRED BY THE 
RENDEZVOUS dAVIGATION PR35RAM ( P 2 0 ) r  I F  SELECTED (SEE ASSUMPTION 3 )  P 2 0  WILL DEFINE THE STATUS OF THE ISS. 

( 5 )  THE OPERATI3N OF TdE PROGRAM LITILIZES THE Fi lLLOdING FLAGS: 

ACTIVE  VEHICLE  FLAG - DESIGINATES THE VErl ICLE WHICH I S  DOING RENDEZVOUS THRUSTING MANEUVERS TO TtiE PROGRAbi 
d t i ICH CALCULATES THE MANEUVER PARAMETERS.SET AT THE  START OF EACH RENDEZVOUS PRE-THRUSTING PROGRAN. 

FINAL  C3MPUTATI3N  FLAG - SELECTS F I N A L  P2JGRAt.l DISPLAYS AFTER CREiv HAS  SELECTED  THE F I N A L  MArjEUVER 
COMPUTATION AND DISPLAY CYCLE. 

(6) I N  THE CREvl LOGIC  BELOk  ASSOCIATED  WITH  ThE  FINAL ACCEPTANCE OF THE CMC COMPUTED PARAMETERStTHE  FOLLOwII\IG 
PERFORMANCE TIMES ARE  ASSJMED: 

(A)   PARTIAL DATA LOAG -. 1 M I N  

(31 CMC MANEUVER COMPUTATI3N - SIGNIFICANTLY  LESS THAN 1 M I N i  DISREGARD 

( C )  MANEUVER PARAMETER DISPLAY AND  CREW EVALUATION - 1 M I N  

P74/CSPi2/278 

2' 



(9) TRANSMISSI3N OF A L L  PARAMETERS  TO  THE  LM - 5 MJN 

(E )  EXTERNAL  DELTA V PROGRAM SELECTION ANG EXECUTION BY THE  LM CREW - 5 M I N  

(F )  THRUSTING PROGRAM SELECTION BY Liyi CREK' AND  COUfUT DONh TO T I G   ( T P 1 ) - - 5  MIN (ASSUPIES IMU  ALIGNMENT IS 
SATISFACTORY)  

PRGU 
CONT 

(7)  THIS PROGRAN 

CMC 

"""""""""" 

DO PROGKAM SELECT 10i.j 
CdECK  ROUTINE ( R O 1 )  

I S  SELECTED BY THE  ASTRONAUT 6Y DSkY  EhTRY AT LEAST -- M I N  BEFORE  THE  ESTIiviATED T I N E  OF THE IGhITIOPU. 

GROUND CREd  CHECKLIST 

oCREd 
*PROS 
*SELECTION 

* * *  
"""""""""" 

KEY I N  LP; TRAiiSFER 1, K E Y   V 3 7 E   7 4 E  
m o o o o o * m * m o o o m o o m o o o  P H A S E   I N I T I A T I O N  

( T P I )   T A R G E T I ' V G  
PROGRAM ( P 7 4 )  

V 3 7 E   7 4 E  
"""""""""" 

TIME  TOTAL 
T I M L  

#20 

o m o o o o m ~ m o o m o ~ o o o ~ m o  DO PROGRAI'I S E L E C T I O h  
"""""""""". 

11. PERFORM PROGRAM S E L E C T I O N  
CHECK ROUTINE ( R o l l  CHECL  ROUTINE(RO1) 
"""""""""" """""""""" 

"""""""""" 

START Lfl TRANSFE2 
PHASE I N I T I A T I O N  
( T P I  1 TARGETING 
PROGRAI'I ( P 7 4 )  
D I S P L A Y  PR3GRAM 74 
"""""""""" 

"""""""""" 

SET  ACTIVE  VEHICLE 
FLAG TO LM 
"""""""""" 

0 

"""""""""" 

M O ~ I T O R  DSKY: 
o o o m m o . m o o o o o m o o m o o o  OBSERVE D I S P L A Y  OF 

PROGRAM 74 
"""""""""" 

#40 

prccsK.11/27a 



0 
. . . e 

P74/CSM2/278 . . . . 
"""""""""" 

RESET F I i$AL 
COMPUTATION FLAG. 
"""""""""" . . . 
"""""""""" 

SET TRACK FLAG 
(SEE  P20)  
"""""""""" . . . 
"""""3""""- 

SET  UPDATE  FLAG 
(SEE  P20) 
"""""""""" . 

W ............... ......... ........... . . ............ 
. . w  . .  0 . . . 
. e r n  . .  W . . 0 ... . .  . 0 . . 

"""""""""" """""""""" . .  . ......... FLASH VERB-iuOtiN TO . .  MONITOR DSKY: . 111. CHECC CMC FLASHES VERB-NOUN  TO 
HOLD . REQUEST RESPONSE AND .................... OBSERVE VERB-NOiliJ . REQUEST RESPONSE AND DISPLAYS 

DISPLAY  OPTION CODE FLASH TO REOUEST W OPTIONS CODE FOR T P I  DATA  LOAD 

Y 5 0  

P60 

$70 

F3R ASSUMED T P I  . 
DATA  LOAD  OPTION: . 

V06 I\-- . 
H1-000" . 
RZ-0000X . 
R3-BLANK . . 

R 1  IS TdE  OPTIOiv W 

CODE  FOR ASSUME2 T P I  
DATA  LOAD  OPTION. . 
R2 IS TdE  CkC ASScl- 

00001-LOAD  T IG   (TP I )  
CMC COMPUTES 

00002-LOAD E:  CqC 
E. 

COMPUTES T I C  

. 
YED OPTION: . 

. 
( T P I )  . 

"""""""""" . . . . 
W 

0 . . . . . . . . . * . . 

*a0 
FL V06  No- 

OPTION CODE 000-- OCTAL 
OPT I ON OOOOX OCTAL 
BLANK 

$90 

RESPOIUSE  AND DISPLAY 
OF OPTION CODE FOR 
T P I  DATA LOAD OPTION 
"""""""""" . . . . . . . . . . . . . . 

W W . W 

b . . . . . 
W W 

"""""""""" 

IS T h I S  DATA  LOAD R 1  IS THE OPTION CODE  FOR  ASSUMED 
OPTION CORRECT? . T P I  DATA  LOAD  OPTION. 
"""""""""" 

.Y .N R2 IS THE CMC ASSUMED OPTIOIU: . . .  00001-LOAD  T IG   (TP I )  CMC . . .  COMPUTE5 E. 
W 0 .  00002-LOAD E:  CMC COMPUTES B 100 . . .  . . .  . . .  P74/CSM2/278 . * .  . .  
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POSS 

HOLD 
.......... 

b 

. 

b 

. e .  e . .  . e .  
e . .  e . .  ... . . . . . .  . e .  . . . . . .  . e .  . . . . . .  . . e  

e . .  ... 
..b 

e . .  
m e .  

e . .  e . .  

"""""""" 

FLASH VE;RG-nOclN . 
TO REQUEST RES- 
PONSE  AhG  DISPLAY. 
STOWED Em 

V06 N-- .................... 
R1-BLANK . . . 
R2-E 
R3-BLANK 

e . .  . . .  . . e  
e . .  m e .  

. e .  . e .  . . .  . e .  
m . .  b.. 

e . .  e . .  ... E-ELEVATION ANGLE. 
THE  ANGLE BE- ... e . .  

LOS AND THE LOCAL. . . .  TWEEN THE Li4/CSM e . .  

LM HORIZONTAL  AT . e .  

T I G ( T P 1 ) .  MEAS- e . .  
UREU FROM THE b.. 

D I R E C T I O N  OF e . .  
F L I G h T m  I N  OEG- 
REES TO NEAREST 
a 0 1  DEGREE . . .   . . .  

. e .  
e . .  ... 

"""""""" . . .  . . .  
e . .  ... 

e . . .  e . .  . . .  . . e  
. . e  e . .  . . .  . . e  . . .  e . .  . . .  ... . . .  . . .  . . e  

0 . . .  ... . . .  ... . . .  ... ... ... . . .  ... . . .  m . .  

e . .  e . .  
e . .  . e *  

e . .  . e .  
e . .  m . .  . . .  e . .  

"""""""" . . e  

e . .  . e .  .................... 
e . .  m . .  . . .  . . e  . . .  ... . . .  e . .  
e . .  ... . . .  e . .  
e . .  e . .  
. a .  m e .  
. . e  m . .  . . .  * e *  

e . .  e . .  
m . .  e . .  
e . .  ... 

WAIT FOR  KEY" 
BOARD EkTRY 

* .  
e .  

"""""""""" 

MOhITOR  DSKY: 
OBSERVE VERG-N~JIJ 
FLASH TO  REQUEST 
RESPOi\iSE  AND 3 1 5 P L A Y  
OF STORED Em 
"""""""""" 

.Y 

"""""""- 
RECORD T H I S  
VALUE FOR 
FUTURE  TRANS- 
MISSICN TO T d E  
LM 

KEY  I i u  PROCEE3 
"""""""" 

"""""""" 

b 

. 

2 .  I F  T P I  DATA  LOAD  OPTIO:. 00002 
(ELEVATION)   SELECTED:  
CHECK CMC FLASHES VERB-NOUN 

TO REQUEST  RESPONSE ArVD 
D I S P L A Y S  E o  

FL V 0 6  N-- 

BLANK 
E XXXmXX DEG 
BLANK 

E-ELEVATION  ANGLE THE  ANGLE 
BETWEEN  ThE  LM/CSM  LO5 AND THE 
LOCAL  HORIZONTAL  AT   T IG(TP1)  . 
MEASURED  FROM  THE D I R E C T I O N  OF 
F L I G H T .  

"""""""""" - 
An i S A T I S F I E D  n i T H  
T H I S  VALLiE? 
"""""""""" - 

*210 

# 2 2 0  

#230 

f 2 4 0  
ACCEPT : 

RECORD E 

* 2 5 0  
V 3 3 E  



0 :  
... 

TERMINATE FLASH e e 
. e .  . . . """"-"""" e .  

UPON-RECEIPT OF ..................... KEY IN vzz . 
PROCEED OR NEW e e e e AND LOAD THE . 
DATA . e .  DESIRED E I N   R 2  s 
"""""""" """C""""" 

e P  ONEM ... e . 
e R  .DATA e . .  0 . .  e . . e . .  e 

.O . ... . . . .  

.C e e . .   e . .  e 
......... 

.E ---------c 

.E STORE  DATA ---"-"-- . . . . .  
0 . .  0 

. e .  . 
e . .  . . e  . 
e . .  0 . .  e 

0 . .  

. e  . . . .  
e .  0 . .  e 
0 .  e . .  0 

0 .  e . .  L 
0 -  . . . . .  

e . 
e . 
e .......... . 
e 

"""""""" 

DOES A T I G  
EXIST FQR  THE 
ELEVATION ANGLE e . e .  . 
(E)? . e  

.Y .N 0 .  . . . .  """"""C"" 

. . e  . . . . .  0 .  

. . 0 .  . . . .  .<. . 
"""""""""" 

. . 0 .  """"""- 
FLASH VERB" e .  e -  MONITOR DSKY: 
NOUN TO RE-- . e  e I S  THERE  AN  ALARM 

AND DISPLAY 
ALARM CODE: 

V05N31 
e H i -  

R2- 
R3- 0 .  e . 

. QUEST RESPCWSE ........................ DISPLAY 
0 .  

0 .  

0 .  

0 .  

INDICATING CDYPUTA- 
TIONAL  DIFFICdLTY 

e . .  .Y e N  

* * * """""""""" 

. e  e . .  . . 
""""""" 

e e 

e e 
e . . e 0 .  
""""""" e .  

e .  
. * e  
e . *  . . 

. e  e . .  e . 
e .  ... . 
0 .   0 . .  . . 

0 . .  . . """""""_ 
e 

e WAIT FOR KEY- e .  RETURIV TO D J S t  
e BOARD  ENTRY. e e . * e . * * e e e . e * e e e . * e  PLAY OF STORED e 

e e .  e E AND  ADJUST . 
TERMINATE e .  INPUT PARA" . 
FLASH UPON  RE- e METER. . 
CEIPT OF RE* . e  

e CYCLE. 
KEY I &  RECYCLE e 

e .  e 0 V32E . 
""""""" . . 

0 . 0 .  """""""_ 
0 .  e . .  . . 
0 .  e . .  . . 

e . e .  

e . 0 . .  . 
0 .  . e .  e 

. 
e . e . e  e . . e .  . 

e . 0 

e . 
e .  e . .  . 
0 .  e . .  e e 
e .  . e .  . e 
m .  0 . .  . . 

e 

REJECT: 

V22E 

LOAD DESIRED  ELEVATION I N  R2 

P74/CSM2/270 
e 

18260 

f280 

NOTE: POSSIBLE PROGRAM ALARM I F  
T I G  DOES NOT EXIST FOR 
THIS E. 

F L  V05  N31 
Ri-OOO-- 

PROG LIGHT-ON 
PGNS LIGHT-ON 

KEY I N  V32E TO RECYCLE TO 
STEP I V g  2 e  AND READJUST 

t290 

INPUT PARAMETERS. 

18300 



... 

. e .  . . .  

. e .  

. e .  

e . .  

e . .  

. . . . . . . . . . . . . . 
e . .  . . ............. . 
e .  . 
. e  
. e  ........ . . 
e . . . . . 
e . 
e . 

. . 
.e,.. . . . ...... 
. . e  . . .  

0 .  . 0 .  . . . . e  
"""""""""" 0 .  . """""""""" V. CHECK CMC FLASHES  VERB-hOUN TO 
FLASH VERB-[VOUN TO e MONITOR  DSKY: e REQUEST  RESPONSE  AhD  DISPLAYS 
REQUEST  RESPONSE AND e . OBSERVE  VERB-hOJi'J DELTA  T TRANSFER. . DISPLAY  STORED .............o...o.. FLASH TO REOJEST e 

....e.... DELTA  T TRANS: 0 .  . RtSPOivSE AND D I S P i A Y  FL V 0 6  N-- 
HOLD V06 N-- . 

R l -  DELTA  T  TiIANS: 
H R S  . 
M I k S  . 
R3-DELTA  T TRAPiS- 
SECS . 

DELTA  T  TRANS 1 T I M E  

R2-DELTA T TRANS- 

. 
AEOUIREL, FOR . 
TRANSFER FROPI . 
T I G ( T P 1 )  TO T IME  OF 
INTERCEPT. I N  HRS, 
MINSI SEC TO hEAREST 
001 SEC. . 
"""""""""" . . . . . . . . . . . . . . . . . . 
"""""""""" 

d A I T  FOR KEYBOARO 
ENTRY 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . 
e . 
e 

e . . . . . 
e . . . 

OF  STORED  DELTA T 
TRANS e 
"""""""""" . e . e . . 
"""""""""" 

AM I S A T I S F I E O   f f I T H  
THESE  VALUES? 
"""""""""" 

DELTA  T  TRANS OOXXX. HR5 
0 0 0 X X .  M I i q  
OXXwXX SEC 

DELTA T TRANS - TIME  REQUIRED FOR 
TRAILSFER  FROM T I G ( T P 1 )  TO T I N E  
OF INTERCEPT. 

.Y . . . """""""- 
RECORD T h I S  
VALUE FOR 
F b T U R t  TRANS- 
M I S S I O N  TO THE 
Livi  -""""""" . . . . 
""""""" 

KEY Ih PROCEE3 

# 3 3 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. 
e 
0 

0 . 
e 

e . 
e 
e . 
e . 
e . . . 
e 
e 
e . . 
e 

e . . . 

# 3 4 0  

ACCEPT : 

RECORD DELTA  T TRAI\IS 

#350 

V 3 3 E  

p r )csn2 '27B  



TERRINATE  FLASH 
UPON RECEIPT OF 
PROCEED OR NEIU' DATA 
"""""""""" 

r P  .NEW 

.O e 
e c  a 

a R  .DATA 

a 
e 

e 

e 

e 

e 

. 

e 
e 

a .  
* e  
a .  
a .  

a .  -"""""""" 

""""" a .  
STORE DATA . 
""""" a .  

. * .e .* .  
e .  

e 

e 

e .  

BASED OiJ THE STOi?ED 
TARGET PARAMETERS 
COMPUTE THE TRANSFER 
TRAJECTORY9 I N I T I A L  
CONDITIONS AND THE 
NECESSARY DEPENDENT 
VARIABLES FOR EVAL- 
UATION OF ThE 
TRANSFER PHASE 
I N I T I A T I O N  MANEUVER 
AS DESCRIBED I N  

"""""""""" 

SECTION 5.3 OF 
9 5 4 7  VOL I. 
ESTABLISH ALARM IF:  

( A )  A T I G  DOES NOT 
EXIST  FOR THE RE- 
WIRED  ELEVATION 
ANGLE I N  THE OOOOZ 
OPT I ON CASE 

(6) FOR THE SPECI- 
F IED  OREITAL PARA- 
METERS AT T I G ( T P 1 )  
THE SPECIFIED OEL- 
TA T TRANS RESULTS 
I N  HYPERBOLIC CSM 
VELOCITY e 

"""""""""" 

NO 
e ALARM 

A~Ai?irvl 
e 

a 

e 

e 

e 

e 

e 

e 

0 

e 

e 
e 
e 

e 

e 

e 

e 

e 

a 

e 

e 

e 
e 

e 

e 

e 

e 
e 

e 
e 

e e 

e 

e 
e 

e 

0 e 
e 

e . 

KEY I N  V25 AND LOAD TriE 
DESIRED  DELTA T . 
""""""""_ TRANS. 

e a 

e e . * * e e e . e .  

REJECT : 

V25E 

RELOAD  DELTA T TRANS 

#360 

1370 

# 4 0 0  

#410 



e e 
0 e 
e 0 

0 e 
e e 
e 0 

e 0 
""""""""* 

e FLASH VERB- 

RESPONSE  AND D I S -  
e PLAY  ALARM CODE: 
e V 0 5 h 3 1  
e R1- 

R2- 
e R3- 

. iuOUi\i TO REQUEST 

""""""""_ 
e 0 

e e """"""""_ 
e WAIT FOR KEYBOARI) 
e ENTRY, 

e 0 e 
0 0 0 

e e e 
0 0 e 
e 0 e 
0 e e 
e 0 e 
"""""""""" 

MOhITOR DSKY: 0 

COCE D I S P L A Y  e 
I S  THERE AN ALARM e 

I N D I C A T I N G  COMPLITA- e 
T I O N A L   D I F F I C J L T Y  
"""""""-a"" 

e N  0 e . e Y  
e e e 
e e e 
e 0 0 

e e 0 

e e """""""_ 
e o  e RETURN TO STA3T 

oeeeeeeoeeaeeeeeo.ee OF PRGGRAM 
e m e  
e e 
e TERMINATE  FLASH 0 

e UP3N  RECEIPT i)F e 
e RECYCLEe e """"""""_ 
e mi? 0 

e e E  e 
e eC 0 

e eY e 
e mL e 
e eE e 
e e e e e e e e e e e e e e o e e  

0 

. 
e 
"""""""""" 

NETERS ON DOWNLINK 
TO REMAIK  THERE e 
U N T I L   T E R M I N A T I O N  OF 0 

PROGRAM e 

PUT  TARGET  PARA- o e e e e o e e e e o e  

e 

"""""""""" e 
e 0 

0 e 
0 e 

"""""""""" e 
FLASH VER&"uOUi\i TO 
REQUEST  RESPONSE  AND 
D I S P L A Y  COMPUTED 
COMPONElirTS  OF 
DELTA V ( L V )  : 

V 0 6  i h -  
H 1-DELTA VX ( LV 1 
R2-DELTA VY (LV) 
R3-DELTA V Z ( L V )  

COMPONENT OF 
DELTA VX ( L V )  - 

e AhD AGJUST 1% 
e PUT PARAMETE3So 
0 KEY Ih RECYCLE 
e V 3 2 E  
0 """""""- 
e e 

e e . 0 

0 e 
e e e e e e * o e e e e o e e  

"""""""""" - - 
MGijITOR  DSKY: e 
OBSERVE  VERB-WJiu e 
FLASH TO REQJEST e 
RESPOISSE  AN3  DISPLAY e 
OF THREE  COMP3hENTS e 
OF I M P U L S I V E   D E L T A  V e 
ALONG LM LOCAL 0 

VERTICAL  AXES AT e 
T I G ( T P I 1 e  e 
"""""""""" 

e 0 

e 0 

e 0 

e 0 

e e 

e e 
0 e 

NOTE: P O S S I B L Y  PROGRACrl ALARM ,F 

6 0 L I C  CSM V E L O C I T Y  
COMPOTATIOh  GIVES  HYPER- 

FL V 0 6   N 3 1  
Rl-OOO-- 

PROG LIGHT-ON 
PCNS LIGHT-ON 

KEY I N   V 3 2 E  TO RECYCLE  TO 
STEP I11 AND RELOAD  INPUT 
PARANETERSe 

VI .  CHECK CMC FLASHES  VERB-hOUh 
TO  REQUEST  PROCEED  AND D I S P L A Y S  
COMPONENTS OF DELTA V 

FL V 0 6  N-- 

CiELTA V X ( L V )  XXXeX  FPS 
DELTA V Y ( L V )  XXXXeX FPS 
DELTA V Z ( L V )  XXXXeX  FPS 

# 4 2 0  

r430  

#450 

#460 

D E L T A V X ( L V )  - COMPONENT OF 

P 7 4   C S M 2 / 2 7 8  6 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
a . . . . 
a . . . . 

277 : 

a. .. .. .. .. .. .. .. .. 
IMPULSIVE  DELTA  V  
A T   T I C ( T P I 1  ALONG 
(RXVIXR. I N  FPS  TO 
NEAREST e l  FPSm 

D E L T A   V Y ( L V )  - 
COMPONElVT OF 
I M P U L S I U E   D E L T A  V 
A T   T I G ( T P 1 )   A L O h G  
VXRm I N  FPS TO 
NEAREST m 1  FPS. 

D E L T A   V Z ( L V )  - 
COMPONENT  OF 
IMPULSIVE  DELTA  V  
A T   T I G ( T P 1 )  ALONG 
-Rm I N  FPS TO 
NEAREST a 1  FPSm 

WHERE R IS GEO- 
CENTRIC  RADIUS 
VECTOR AND V I S   L M  
I N E R T I A L   V E L O C I T Y  
VECTOR  AT T I G C T P I  1 
"""""""""" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e. . . .. a .. . .. ~""~""""""CCI 

a. RECORD  THESE  VALUES .. FOR FUTURE  TRANS-- .. M I S S I O N  TO THE  LM .. """""""""" .. .. . . . .. . 
"""""""""" .. 
W A I T  FOR KEYBOARD . .. KEY I i h  P R O C E E j  
ENTRY ~ ~ a ~ ~ ~ a m ~ ~ ~ m ~ ~ a a . m a ~  V 3 3 E  

RECEIPT  OF  PROCEED 

"""""""""" 

TERMINATE  FLASH UPON .. .. . .. . """""""""" 

"""""""""" 

a .. .. . . 
9 a. . 

"""""""""" 

CHECK THE  DATA .. D I D  I S P E C I F Y   T I G  
LOAD  OPTION .. ( T P I )  OR E TO THE .. LGC 

.. """""""""" 

"""""""""" 

.00001 .OD002 e. """""""""" 

m T I G ( T P 1 )  .E .. m T I G   ( T P I )  .E 
a a 
a . 
a 

.. .. 

.a 

. . . . .. . .. . a. 

. 
a . . 
a . . . 
a 

I M P U L S I V E   D E L T A   V   A T   T I G ( T P 1 )  
ALONG  (RXV) XRm 

D E L T A   V Y ( L V )  - COMPONENT OF 

Y 4 7 0  

IMPUS 
I M P U L S I V E   D E L T A   V   A T   T I G ( T P 1 )  
ALONG VXRm 

D E L T A   V Z ( L V )  - COMPONEPiT OF 
I M P U L S I V E   D E L T A   V   A T   T I G C T P I )  5480 

ALONG -Rm 

WHERE R IS GEORCENTRIC  RADIUS 
VECTOR  AND V I S   L M   I N E R T I A L   V E L -  

O C I T Y  VECTOR A T   T I G ( T P 1 ) .  

Y 4 9 0  

RECORD DELTA  V 
5 5 0 0  

V 3 3 E  

4510 

f 5 2 0  



. 0 .  . 0 .  . . 0 .  * .  ? 7 4 / C S M 2 / 2 7 8  .Qw : . .. . 0 .  . . 0 .  . * .  . 0 .  . 0 .  
"""""""""" * .  

0 .  

.. 
PO55 0 0  FLASH VERB-iiOUi\i TO e 0 .  MONITGE  DSKY: .......*. REQUEST RESPONSE AND 0 .  OSSERVE  VERa-NOJfU 
HOLD e. DISPLAY  CALCULATED E; 0 .  FLASH TO RERUEST 

""""""""_ 
V O 6  N-- . 0 .  RESPONSE  AND 
R1-BLAhK 
R2-E . R3-BLAkK 

E - E L E V A T I O N  ANjLE. 

0 .  .................... DISPLAY  OF 0 .  . e.. CALCULATED E. 0 .  

"""""""" . .e. 0 .  . . 0 .  0 .  . ... . 0 .  

0 . .  . 0 .  ... . 0 .  

0 . .  . 0 .  

0 . .  . 0 .  . ... . 0 .  . e.. . 0 .  . ... 0 .  

0 .  """"""""- 

. 0. .  

. THE ANGLE  EETWEEN 
LM/CSIII LOS AlvD Tt iE  
LM LOCAL  HORIZONTAL 
AT T I G ( T P 1 )  IViEASL'RED 
FROM THE  DIRECTIOW 
OF FLIGHT.  I N  DE-. 
GREES TO hEAREST 
001 DEG . . 0 . .  . 
"""""""""" ... . . . .e. RECORD T h I S   V A i i J E  . . ... FOR FUTURE  TRANS- . . 0 . .  M l S S I O h  TO T d E  . . . ... L Pi 0 .  . . . * * *  . 0 . .  . . """""""""" ... ... . 

0 .  0 . .  

""""""""_ . 
0 .  

0 .  * .  "-""""""" WAIT FOK KEYBOARD 
ENTRY . TER,l i INATE  FLASh UPON .................... KEY I N  PROCEED . .  
RECEIPT  OF  PROCEED e. ... V33E 
"""""""""" 

* .  """"""""_ . . . ... . 0 .  . . . 0 . .  . 0 .  . . .., 0 .  . . ... ........... * .  . . . ... . 0 .  . . . ... . 0 .  . ....... ... . 0 .  . . . ... * .  . . ... . . . e  

... 

. """""""" """""""""" ... 3R 2. I F  T P I  DATA  LOAD  OPTION  00002 . + F L A S h  VERE-NOUN ... MONITOR  DSKY: . (E)  WAS  SELEDTED:  CdECK 
TO REGUEST  2ES- ... OBSERVE  VERB-N3Jl\i ( E )  MAS SELECTEI):  CHECK . . FONSE  AhD  DISPLAY ................... FLASH TO REGJEST . C i K   F L A S H E S  VERB-NOUN TO . CALCt iLATE3 .... R€SPONSE  AND  DISPLAY REQUEST  PROCEED  AND 
T I G ( T P 1 ) :  .... OF CALCULATED  T IG  D I S P L A Y S   T I G ( T P 1 ) .  

?OS5 .. . V06  iu34 .... . (TPI) . 
HGLG .. HKS .... . T I G ( T P 1 )  OOXXX. HRS 

R Z - T I G ( T P 1 )  0 .... . . . OOOXX. M IN  
iiiih .... . . . O X X e X X  SEC . R 3 - T I G ( T P I  - .... . . SEC .... . . . 

.......... K l - T I G ( T P I )  . .... """""""""" FL V 0 6   N 3 4  

. .... . . . . .... . . . .... . . . . .... . . . 

FL V 0 6  N-- 
E L A h K  
E X X X a X X  DEG 
BLANK 

E-ELEVATION AitlGLE. 
E-ELEVATIOk ANGLE. THE  ANGLE 
BETWEElV LM/CSM  LOS AND THE  LOCAL 
HORIZONTAL  AT   T IG(TP1)  MEASURED 
FROM THE  D IRECTION OF FLIGHT.  

$ 5 4 0  

RECORD E 

$550 

V 3 3 E  

+560 

.... .... . . . . . 

V I  I 
1. IS T P I  DATA  LOAD OPTXO!, 00001 

( T I G )   k A S   S E L E C T E D :  CHECC CMC 

PROCEED  AND D I S P L A Y S   E L E V A T I O N ( E ) .  
FLASHES VERB-NOUN TO REQUEST #530 

#570 

#580 



.... e e a 

P 7  9 CSM2/278 . . . . . . TIG('TPI) - TIME 
e OF T P I   I G N I T I O N  . (GET). I N  HRSI 

MIN, SEC TO 
e NEAREST e 0 1  SEC . . e . . . """""""" 

. . e 
e a . . . . . . . 

. 
"""""""" 

WAIT FOR KEY- 
BOARD ENTRY 
TERMIKATE  FLASH 
VPON RECEIPT OF 
PROCEED 
"""""""" . . . e . 

* . 
"""""""""" 

FLASH VERB-NOUN TO 

HOLD m a  DISPLAY CALCULATED 
m m e e e e m e .  REQUEST RESPONSE AND 

e 
a . .... . e . 

..e. . . . 
e*.* """""-I"""- .... e RECORD T H I S  VALUE e 
.e.. FOR FUTURE TRANS- . 
.e.. e MISSIOlu TO THE  LM 
..a. """""""""" 

e.** e . e .... . . . 
..e. e . . 

"""""""""" ..... 
* m e * * * m e m m e e e * e e m m * m  KEY I h  PROCEED . 

e ..e. e V33E . 
e**. """""""""" 

TERMINAL  PHASE  PARA- 
METERS. 

V06 I\-- 
R1-DELTA V (TP1)  
RZ-PERIGEE  ALT(TP1) 
R3-DELTA V (TPF) 

.*e. . e . 
"""""""""" ..e* .... MONITOR USKYi  . .... OBSERVE VERB-NOUN 

em*mmemme.*.emee*ee* FLASH TO REQL'EST . ..... a RESPONSE AND DlSPLAY - 

DELTA V ( T P I I  - 
REQUIRE3  IMPULSIVE 
DELTA V TO ACCOMPLISH 
T P I  MANEUVER AT 
T I G ( T P 1 ) .   I N  FPS TO 
NEAREST e l  FPS 

PERIGEE ALT ( T P I )  
POST TPI   ALTITUDE 
PERIGEE ABOVE 

I N  NAUTICAL  MILES 
LAUNCH  PAD  RADIUS4 

NEAREST e1Nhm 

- 
OF 

TO 

DELTA V ( T P F I -  
REQUIRE3  IMPULSIVE 
DELTA V TO ACCOIViPLISH 
INTERCEPT  (TPF) 
MANEUVER  AT CALCUL- 
ATED T IHE OF INTER- 
CEPT. I N  FPS TO 
NEAREST -1 FPS. 
"""""""""" 

OF CALCULATED . 
TERMINAL  PrlASE PARA- 
METERS. e 
"""""""""" . . . . . e . . 

e . . . . . . . e . e . . 
e . . 

e . . e . e 
e . . . . . 

e . 
* . . . 
e . 

"""""""""" 

RECORii ThESE  VALUES . . . 
e . 

RECORD T I C   ( T P I )  

1y590 

V33E 

Y600 

V I I I * C H E C K  CMC FLASHES VERB-NOUN TO 
REQUEST PROCEED AND DISPLAYS 

METERS 
CALCULATED  TERMINAL  PHASE  PARA- 

F L  V06 N-- 
DELTA V ( T P I  I XXXXeX FPS 

DELTA V (TPF) XXXX-X FPS #610 
PERlGEE  ALT tTPI )  XXXXmX NM 

DELTA il I T P I )  - REQUIRED  IMPUL- 
SIVE  DELTA V TO ACCOMPLISH T P I  
MANEUVER A T   T I G   ( T P I I  

PERIGEE  ALT ( T P I )  - POST T P I  
ALTITUDE OF PERIGEE ABOVE LAUNCH 

PAD  RADIUS. 

DELTA V (TPF)  - REQUIRED  IMPULSIVE 
DELTA \I TO ACCOMPLISH.  INTERCEPT 
(TPF) MANEUVER AT CALClrLATED  TIME 
OF I [UTERCEPT 

%620 

Y630  

RECOW  VALUES 

P74/CSM2/278 



W@ . . . 
. . . . 
. . .. ......... 

HOLD . 

. 

. 

. 
"""""""""" 

NAIT FOR KEYBOARD 
ENTRY 
TERMINATE  FLASH UPON 
RECEIPT OF  PROCEED 

..... ..... ..... ..... ..... ..... FOR FUTURE TaAkS- 
MISSION TO Til€ LM . """""""""" ..... ..... ..... . ..... ..... """""""""" ...... KEY I N  PROCEED 

m m m m e m m m m m m * m . m e m . * m  V33E 
"""""""""" ...... ..... ..... 

V33E 

"""""""""" 

%650 . . 
"""""""""" 

FLASH VERB-iu0Ui.i 
TO REQUEST 2ESPONSE 
AND DISPLAY  TTI;  

V06 h35 
H l - T T I  - HRS 
R2-TTI - MINS 
R3-TTI - SEC5 

e 

1x0 CHECK  CMC FLASHES VERB-NOUN  TO 
REQUEST RESPONSE AhD  DESPLAYS TTI. 

"""""""""" -~ ~ ~~ 

MOi4 I TOR DSKY : 
OdSERVE VERB-NGillV 
FLASH TO REGJEST 
RESPONSE AND DISPLAY 
OF TTIm 

e 
FL  V06  N35 

TT I OOOXX HRS . OOOXX M I N  
OXXeXX SEC #660 ...... 

. T T I  - TIME TO GO 
TO T I G ( T P I ) m   I N  
HRSVMINSISECSI T3 
NEASEST e 0 1  SEC. 
"""""""""" . . . . . . . 

. . 
"""""""""" 

hiAIT FOK KEYEOARD 
ENTRY. 

TER?lINATE FLASH UPON 
RECEIPT OF PROCEED 
"""""""""" 

..e 

..e """""""""" T T I :  TIME  TO GO T I G ( T P 1 )  
* * e  RECORD T H I S  VALUE 

.e. MISSION TO THE Lf"i 

... FOR FUTURE TRANS- * RECORD T T I e  

"""""""""" ...... ...... e 
..**.e . . ...... . ...... """""""""" ...... SET LEB CLOCg (ANC ...... MDC CLOCK I F  . ...... DESIRED) T O  T T I  

"""""""""" ...... ...... ...... ...... ...... 
"""""""""" ...... ....... KEY I N  PROCEED .................... v 33 E . 
"""""""""" ...... . ...... ...... 

....... 

#670 
SET CLOCKS TO T T I  (MDC  CLOCK 
OPTIONAL) 

*680 V33E 

. . 

. . 
"""""""""" 

IS F I iiAL COKPUTAT IO iv  
FLAG SET? 
"""""""""" 

mN .Y . 

...... ...... . ...... ...... ...... ...... . . . #690 

...... . 

. 



0 .  a 
a m  a 

"""""""" 

a a RESET F I N A L  COM- 
a P U T A T I O N   F L A G  

"""""""" 

HOLD a. SINCE THE LAST SURN a 

a a 

0 a 
a a 
a a 

0 a 
"""""""""" 

HAS  THE F I N A l  a 
COMPUTATION a 
CYCLE  BEEN  SELECTED? a 

aY a &  a 
a a a 
a 0 a 

C a o a a a a a  a a 

a a a 

"""""""""" 

a a 
"""""""""" 

a MORITOR  DSKY: a 
a OBSERVE  VERB-HOW a 
a F L A S H  TO  REQUEST a 

RESPONSE  AND  DISPLAY a 

V 0 6  N-- a 
R 1-h 
R 2 - T T I  a 
R3-BLANK 0 

a 
Pi-NUMBER OF  MARKS. a 
MADE SIFJCE L A S T  a 

THRUSTING MANEUVER a 
OR I N I T I A T I O N  OF  P20  a 

a 

T T I - T I M E  TO GO TC) a 
T I G ( T P 1 ) a   I N   M I N S  ANDO 
SECS TO NEAREST  SECo a 
MAX REAGIIuG IS 5 9  59 a 

a 
(NOTE: MGA IS NEVER 
D I S P L A Y E D   I N   T H I S  a 
PROGRAM. R3  RE- a 
MAINS  BLANK FOR 
THE  DISPLAY.) a 
"""""""""" 

a a 
a a 

a.  a a"""""""- 

8 e  0 aNOi4ITO2 CrK a 

"""""""""" 

* a 
a a 
a a 

"""""""""" 

IS TT'I LESS THAN a 
16 M I h ?  + a  
"""""""""" 

a Y  a N  a 
a a m  

m e  

I S  A GROUND STA- 
""""""""_ 
T I O N   A V A I L A B L E  a 
FOR  CONFIRNATION 
OF  ALL  Tr iE  PARA- a 

METERS d H I i H  ARE a' 
ON DOWN L I W ?  a 

COOHDiMATE . a 
E V A L U A T I 3 h  
OF THE CWC 
CONPUTATION a a 
PARAMETE25 a 

m a  

"""""" 

0 .  

a e a  
m a  
o m  

r ; ITH  THE 
GROUluD 

a a m  
a a m  

X a  IF LM  TRACKING  HAS NOT BEEN 
TERMINATED: 

1. CHECK CMC FLASHES VERB-NOUN TO 
REQUEST  RESPONSE AND D I S P L A Y S  
NUMBER OF  MARKS SINCE  LAST  BURN 
AN.0 T T I  

FL V 0 6  N-- 

N OOOXX MARKS 
T T  I XXOXX MIN-SEC 
BLANK 

N-NUIVrBER OF  MARKS k A D E   S I N C E   L A S T  
THRUSTING MANEUVER OR I N I T I A T I O N  
OF P 2 0  

P cb /CSM2/270 

4700 

Y 7 2 0  

#730 

2. 2 F   T T I   I S   L E S S  THAi'i 16 FiIEiUTES 
RESELECT P74 AND ADJUST  INPUT 
PARAMETERS. T I G ( T P 1 )  MUST BE  SLIPPEG.  

#740 

3. COORDIkATE  EVALUATION OF CMC 
COMPUTED  PARAMETERS WITH GROUND 
SELECTIOPi 
S T A T I O N  ( I F  A V A I L A B L E ) ,  

I F  PARAMETERS  ARE  UNSATISFACTORY 
RESELECT  P74  AND A D J U S T   I h P U T  

PARAViETERSa 



.. . 
0 .  . . 

* .  . 0 .  . 0 .  * .  . 0 .  . * .  
0 .  . 0 .  

* .  . 0 .  

0 .  . 0 .  

* .  
""""""""" 

.WITH ASTRO- 
NAUT """""""_ . . AM I S A T I S F I k D  . . WITH THE DISPLAYED . ~IANELJVER PA2A- . 

METERS (1.E. I A L E  . I COMPLETED WAPi- . IPULATIOh  3F ThE e . INPLT  PA2AMETERS?) . .  .[L .Y . """"""""" 

0 . .  * .  . . . .  0 .  . """""""_ . IS T T I  LESS * .  . THAiv 18 M I X :  0 .  . . .Y ..... . """""""_ . . . .  0 .  . . . . .  0 .  

0 .  """""""_ . . TiG(TP1)MUST . . BE SLIPPED. 0 .  . . RESELECT P74 . AhD ADJUST 11- 
0 .  PUT PARAMETEZS .................... K C Y  I &  0 .  . * .  V37E74E 0 .  . 

0 .  . . . * .  . . . v .  . . 0 . .  0 .  . . . . 0 .  

"""""""_ 

. E X I T  P74 . . 0 .  . . 0 .  . . . 0 .  . 
0 .  """"""""_ . .................... RESELECT P 7 4  * .  
0 .  A h D  READJUST 0 .  

INPUT PARAMETERS . KEY Itri 0 .  . V 3 7 t 7 4 E  0 .  """"""""_ . . . 0 .  . . . 0 .  . ... 0 .  . * .  . . EX;T ~ 7 4  . . . . 0 .  . . 0 .  . . 0 .  . ........ * .  . * .  . 0 .  . 0 .  * .  . 0 .  . 0 .  . 0 .  . 0 .  . * .  . 0 .  . 0 .  . 0 .  

I F   T i 1  IS LESS THAN 18 MINdTES TI; 
x1750 

( T P I )  MUST BE SLIPPED. 

d760 

#770  

# 7 8 0  

#790 



e 
e 
e . 
e 
e 
e 
e 
e 
e 
e 

e *  e 
"""""""""" 

e .  

e e IS T T I   L E S S   T d A N  e 
e e 17 PIIN? . 
e *  e k  Y e  e 

. """""""""" 
e *  e 
""""""""" 

e *  
* e  

e I S  THE  RENDEZVOUS e e 
e e N A V I G A T I O N  PROGRAM e 
e ( P 2 0 )   I N  PROCESS e e . """"""""" 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e *  e Y  Ne 
e *  e e 
e *  e e 

""""""""' 

e e S H A L L  I ATTEMPT e 
e e TO MAKE A D D I T -  e 
e I O N A L   O P T I C S  e 
e e MARKS  AT T H I S  e 
e e T I M E ?  e 

"""""""", 

e 
e 
e 
e 
e 
e 
e 
e . 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 

e e * *  
e e * *  
e . e *  

* e *  """""_~ 
DO I WISd e e e 
TO IIGCORP- e e e 
ORATE  Ti lE e e 
PRESENT  ST- e e e 
ATE  VECTORS e e e 
I iYTO  THE e e e 
MANEUVEA e e e 
COMPUTATION e e 
AND T E R M I N I  
ATE  FURTHER e e e 
UPQATES? e e e 
1.E. SELECT e e e 
THE F I N A L  e e e 
COMPUTAT-, e e e 
T I O N  A,ND e e e 
GISPLAY 
CYCLE? 

e * *  
* e *  
. e *  """""" 

e k  Y e  e e e 
e e e * *  
e . * e *  "-"" 

4 e  I F  RENDEZVOUS  NAVIGATION PROGRAM 
(P20) I S   I N  PROGRESS 
AND 

AeMORE  MARKS  ARE  DESIRED 
V"E 

P 9 /CSM2/278 

#820 

NOTE: DO NOT  PERFORM  MARKS LATER 
THAN T T I  = 17 MINUTES AND 
PREFERAELY FOR  NOT  LONGER 
THAN 2 MINUTES. 

OR 
Y 8 3 0  

BeMORE  MARKS  ARE  NOT  DESIRED  AND 
FINAL  COMPUTATION  CYCLE IS 
D E S I R E D  
V 3 3 E  

RECYCLE TO STEP V I  

OR 
CoMOST  MARKS  ARE  NOT  DESIRED  AND 

FINAL  COMPUTATION  CYCLE I S  
NOT D E S I R E D  
V 3 2 E  

RECYCLE TO STEP V I  

#840 

#660 



.e .. 
e *  
e *  
em 
e. 
e *  
e. 
e e  TERMINATE  FLASH UPOiV 

RECEIPT OF NEW PRO- 
CRAW, RECYCLE9 PRO- 

e e  CEED OR V"E 

e *  OR e P  e:\ e V  
.e eE e R  e E  e* 
e. .C .o o w  e- 
* *  .Y eC eP e E  
e *  e c  e E  e R  e 
e. e L  *E  .O e *. .E e D  0 G  e 

e. e GO T 3  e 
.e e e PROS-- e 
e. e e RAM e 
.e e e SELEC-e 
.e e ED e 

"""""""""" 

e *  e """e 

.e """* 
e *  e * * e  
e o  e - e  e e 
e *  . * e *  
e *  0 e * * e  e 
.e 0 * * e  
e *  0 e E X I T  e 
e *  e e P74- e .. 0 e 
e *  e e e 
* e  e e e 
e. """"""-e 

e *  e COMPUTATION e 
e. SET FIiGAL 

e. e FLAG e 
e *  """"""-* 
.e 0 e e 
.e 0 e 
e *  e e e 
e *  """"""e. 

e *  e RESET  UPDATE e 
.e e FLAG (SEE e 
e. PZO) 
e *  """"""we 

e. e e 
e. e e 
e. e e e 
eeeee.e~.e.e.. e 
e e 
e e 
e 
e e 
e e 

e 

e 

e 
e 
e 

e 
e 

e *  e 
e .  e 
e *  e 

""""""" 

e.. 

SELECT  THE e 
F I N A L  COMPUTA- e 
T I G N  AN3 DIS- 
PLAY CYCLE. 
KEY I N  e 
PROCEED 

V33E e 
""""""" 

e 
e - .  

e 

e e *  e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 

e 

e 

e 
e m .  e 

e e .  
e 
e 

e e *  
e e .  

e *  

5 .  WHEN T T I  EQUALS 17 MINUTES  SELECT 
F I N A L  COMPUTATION CYCLE. 

V33E 

RECYCLE TO STEP V I  

#E70  

#900 



e e *  e *  e 
e e .  e .  e 
e “”””“”_ ”””””””” 

e DO RENDEZVOUS e e e e DO RENDEZVOU5- 
e TRACKING e * e e e e e e e e e e e e e e e e e e  TRACKING  OATA 
e OATA  PROCESS- e e PROCESSIKG 
e I N G   R O U T I N E  e R O U T I N E   ( R 2 2 )  
e (R2.2) e e e (NOTE:  PERFORM 

”””””“ e e MARKS  PREFER-. 
e e e e e AELY FOR  NOT 
e e e e e LONGER T h A N  2 
e e e e MINUTES  6GT I N  
e e e e e NO CASE  LATER 
e e e e e ThAiU T T I   E W A L  
e e e TO 17 FiIN.1 
e e e ”””””””“. 

e e e e *  
e e e 
e e e 
*eeeeeeeee.*. 

e 
e 
e 

e e e * e e e e e  

e *  
e *  

e 
e 

e 
e 

e e e e * . e e * ~ e ~  e e e ~ ~ . * e * e e e *  
e 
e 
e 

e 
e 

”””””””””” 

e TRANSMIT  ALL 
e MANEUVER  PARAHETERS 
e TO THE L# 
e 
e 
e 
e 

”””””””””” 

e 
e 
e 

””””””””“” 

I S  THE iiEbiDEZVOUS 
F L A G   S E T ( S E E   P 2 0 )  

15 THE REaDEZV3dS 
NAVIGATION  PR3GRAn 
( P 2 0 )   I N   P R X E S S ?  

e N  e Y  
e e eY e h  

””””“””””” 

”””””””””” 

””””””””“” 

e 
e 
e 

e e e 
e e e 

“C”””“ ”””””””_. 

e D I S P L A Y   P 2 0  e e e e e e e e e e e e e e e e . e e e  OBSERVE DISPLAY. 
e 
e e ”“”””””_ 

”””“”- e OF PZO e 

e e 

e 
e 

e 
e e e 

e** e e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
E X I T  P74 

* e *  e 
e e 

E X I T   P 7 4  e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

P 11 /CSM2/278 

#920 

#930 

XIe   TRANSMIT  ALL  MAI~EUVER  PARAMETERS 
TO THE  LMe 

f940 

X I I e  CHECK CMC D I S P L A Y S  P20 OR FLASHES 
VERB-NOUN TO  RECUEST  SELECTION OF 
CMC I D L I N G  PROGRAM 

P 9 6 0  
FL V06 NO7 

00000 
&LANK 
B L A k K  



. . . . 
"""""""""" 

FLASH VERE-iuOUit 
TO REQUEST PLEASE 

. . * e . o o * o  PERFORM SELECTION OF 
CMC I D L I h G  PROGRAM 

HOLD (POO) 
V501U07 
Rl-00000 
R2-BLANK 
R3-BLANK 

"""""""""" . . 
"""""""""" 

K A I T  FOk kEYBOAR0 
EPITRY 

TERYIbiATE  FLASH UPOiq 
RECEIPT OF r\EW PRO- 
GRAM. 
"""""""""" . . . 
"""""""""" 

GO TO PROGRAF? 
SELECTED 
"""""""""" . 

0 

0 . .  

E X I T  P74 

. . 
9 . 

"""""""""" 

. . * . . *o * .o .oo . .e * .o*  MOkITOR  DSLY: 
OBSERVE VER&-IUGUN 

FLASH TO REGJEST 
PLEASE  PEKFO2hi 
SELECTION  OF CviC 
I C L I N G  PROGRWI (PO01 
"""""""""" 

. 
e . 

. . + o . m o e . . * e . * * * * . * .  S E L E C T   D E S I 2 E 3  PRO- 
"""""""""" 

. GRAM. KEY I N  
V37E--E 
"""""""""" 

. 
"""""""""" 

GO TO PRGGRAY 
SELECTEO """""-"""-" 

0 

0 . .  

EX;T P 7 4  

a Y 7 S  

# 9 8 0  

SELECT  DESIRED PROGRAM 

V 3 7 E  --E 

#990  



LL 
0 

n 
W 
z 



2 f l  APOtLO COYPUTER LOG1  C CHECKLIST I hTERFACE 

LR TRANSFER PHASE  (YIDCGURSE)  TARGETIqG PROGRAM (P75)  REV 10 10/31/66 

(2)  TO COMPirTE A W O I S P L A Y  SUITABLE  INFURWATION hH1Ci-i  UPON TRANSMISSION TO THE L R  WILL ENABLE TnE LIY CREW  TO EfvTER 
THE F I h A L  RENDEZVOUS PHASE AT THE CORRECT TIME TO COMPLETE THE  REQUIRED THRtiSTI1UG MANEUVER AT Tt iE  FIRST RANGE GATE. 

( 3 )  T H I S  PROGRAM IS DESIGMED FOR ONE-YAk  OPERATION* 

ASSUMPTIONS: (1) THE ISS 15 3% AND PRECISELY ALIGNED. 

( 2 )  STATE VECTOR, LIPDATES  BY P 2 7  ARE DISALLOWED DJ2 ING STATE VECTOR UPDATING I N I T I A T E D  i3Y P20  (SEE ASSUi'lPTIOFj ( 3 ) ) .  

( 3 )  THIS  PHOGRAY WAY BE PERFORMED C3+KURRENTLY N I T 4  THE RENDEZVOUS NAVIGATION PROGRAM ( P 2 0 )  TO UPDATE  ThE Lk (3R CSM 
STATE VECTORS HITH  OPTICAL  TRACKIkG OF THE LM. T H I S  PROGRAN MAY BE PERFORMED INDEPENDANTLY OF P20. I F  OPTICAL 
TRACKING IS DESIRED THE OPTICS SHOULD BE LOCKED ON Ti iE LM BY PREVIOUS  SELECTION OF PZO. THE RENDEZVOUS TRACKIlhG 
MARK  COUNTER I S  ZE2DED BY THE SELECTI3N OF P20 AND AFTER EACH THRUSTING IVIAi\lEUVER. 

I F  P 2 0   I S  13 EFFECT?  O?TICAL  TRACKING NARKS MAY aE MADE 6Y SELECTION OF THE RENDEZVOUS TRACKING  DATA  PROCESSIl\iG 
ROUTINE  (222).  R 2 Z  I S  SELECTED  BY V--E * H I C h  M A Y  BE ENTERED WHENEVER THE CMC I S  HOLDING FOR A V/N  FLAShING DATA D I S -  
PLAY (NOTE: FOR S I M P L I C I T Y   I T  IS ONLY SHOWN BELO*  4T THE V06N--DISPLAY.) R22  RETURNS TO T H I S  PROGRAH AT  THE  INTER- 
RUPTED DISPLAY * 
(4) THE  OPERAT13N OF T H I S  PROGRAM UTILIZES  ThE  F3LL3dl ruG  FLAG: 

(5) I N  THE LOGIC aELOW A S S X I A T E D   t i I T H  THE F I N A L  ACCEPTANCE OF THE  LGC COMPUTED PARAMETERS9  THE FOLLOkiIhG PERFORaYAhCE 
TIRES ARE ASSUME3: 

( A )  MAkEUVER P4RAMETER DISPLAY A&D CREW EVALUATION - 1 M I N  

(3) TR4NSf i ISSIOl i   3F  ALL PARAMETERS TO THE LM 9 2 M I N  

(C)  EXTEZlilAL  DELTA V PROGRA.4 (P30)  SELECTION AND EXECUTION BY LP4  CREW - 5 M I N  

( D l  TH2USTIMG PROGRAM SELECTION 6Y LM CRErv AllG COUNT COkN TO TIG(lr l1D) - 5 M I N  (ASSbMES IMU  ALIGNMENT I S  
SATISFACTORY. 

CORRECTION  REQUIRING CMC PARAMETER COYPUTATION. 
( 6 )  THE PROGRAM I S  SELECTED BY THE ASTRONAUT BY DS<Y ENTRY PRIOR TO  AMY ANTICIPATED LM RENDEZVOUS MICCOciRSE 



PROG 
COhT 

29 

clvrc GR3UND CREW 

oCREd 
.PROGRAM 
.SELECTION . 

0 . .  

0 
"""""""""" """""""""" 

D 3  PRGGRAM SELECTIOPi KEY Iii I" TRAi iSFEi i  
CHECK R O U T I i v E   ( R o l l  ~ 0 0 0 ~ 0 0 0 ~ 0 0 0 ~ ~ ~ 0 a 0 0 0  PhASE  (MIDC3URSE) 

0 TARGETIBG PROSRAPI 
( P 7 5 )  

V 3 7 E 7 5 E  
"""""""""" 

"""""""""" 

"""""""""" 

START LM TRANSFER 
PHASE  (HIDCOURSE) 
TARGETING PROGRAM 
( P 7 5 )   D I S P L A Y   P 7 5  
"""""""""" 

"""""""""" 

SET  ACTIVE  VEHICLE 
FLAG TO LM 
"""""""""" 

0 

0 

0 
"""""""""" 

SET TRACK FLAG 
( S E E   P 2 0 )  
"""""""""" 

0 

0 

0 
"""""""""" 

SET UPDATE FLAG 
(SEE P20) 
"""""""""" 

0 

0 

0 

CHECKLIST 

I K E Y   V 3 7 E   7 5 E  

"""""""""" I I PERFORM  PROGRAM S E L E C T I O N  

CHECK R Q U T I k E  (201) CHECK ROUTINE ( R o l l  
o o o o o o o o ~ ~ a o o o ~ o o o o o  DO PROGRAM SELECTION 

"""""""""" 

"""""""""" . MONITCR OSCY: 

0 PROGRAM 7 5  
~ o ~ o o ~ o o o ~ ~ o o ~ o o o o  OESERVE D I S P L A Y   O F  

"""""""""- 

TIME  TOTAL 
T I M E  

$10 

iy20 

# 3 0  

#50 



. . . . . . . . . .*............. . . . . . 
"""""""""" . 
DEFi f iE   THE  T IF IE  OF 
A R R I V A L  AT INTERCEPT . 
A S   T I G ( T P 1 )   P L U S  . 
DELTA T TRAhS . 
"""""""""" . . . . . . . . . . . . . m m  . . . . . . 
"""""""""" . """""""""" 

. . . m . . . * .  F L A S H  VERB-EqOclN TO . MONITOR DSI<Y: 
HOLD REQdEST  RESPONSE AND . . OBSERVE VERE-N3JN 

D I S P L A Y   T T  INT: . o .m. .* . . . . * . . * . . . . .  FLASH  TO  REQL'EST  RE- 
V06 Pi35 . SPONSE  AND  D.ISPLAY 
R l - T T   I k T  - I i R S  OF I T   I N T  
R 2 - T T   I K T  - MINS . 
R 3 - T T   I k T  - SECS 

"""""""""" . . . 
T T   I M T  - T I M E  TO GO 
TO INTERCEPTm IN 
HRSr MIhS, SECS T 3  
NEAREST 001 SECc 
"""3""""""- . . . . . . . . 
"""""""""" 

WAIT FOR KEYBOAR3 

TERMINATE  FLASH dP0k 
R E C E I P T  OF PROCEED 

E ~ T R Y  

"""""""""" 

. . . . . . 

. 
"""""""""" 

TRANSMIT   THIS   VALUE 
TO THE  LM 
"""""""""" 

. . 
"""""""""" 

SET L E a  CLOCL 

D E S I R E D )  TO T T  I i \ T  
( A N 3  rirOC CLOC< I F  

"""""""""" . . 
"""""""""" 

KEY II~ PROCEE3 
V 3 3 E  

"""""""""" . . . . . . . . . . . 

I 1  I CHECK CMC FLASHES VERB-NOUIU TO 
REQUEST RESPONSE AiVD D I S P L A Y S  
T T   I h T .  

FL V06 N 3 5  

T T  11vT ooxxx. HfiS 
OOOXX.  M I N  

OXX*XX SEC 

T T   I N T :  TINE TO GO TO INTERCEPT 
T R A l v S M I T   T T   I N T  TO LM. 

+60 

# 7 0  

#80 

$90 

# 100 

V 3 3 E  



. . 
e e e 

e 
e 

SINCE THE LAST  BJRN 
AND THE TT INT: 

V06h"- 

RZ-TT I N T  
R 1-Er 

R3-BLANK 

N-NUMBER OF MAHKS 
MADE SIhCE LAST 
TrlRUS.TIhG MANEUVER 
OR I N I T I A T I O N  OF P20 

TT INT-TIME T O  GO TO 

MIN AND SEC TO 
NEAREST SECOND* MAX 
READING IS 59 59. 

NOTE: NGA 
IS NEVER 
DISPLAYED 
I N   T H I S  

R3 REMAINS 
BLANK FOii 

INTERCEPT. I k  

PROGRAM. 

THIS  DISPLAY. 
"""""""""" 

e 

e 

e 
e 
e 

e 
e 

e 

"""""""""" 

WAIT FOR KEYBOARD 
ENT2Y 

. e 
"""""""""" 

MONITOR  DSKY: 
OBSERVE  VERB-;JOUN 

SPONSE  AND DISPLAY 
OF TOTAL MARKS  AND 
TIME TO GO T3  

FLASH TO RENEST RE- 

INTERCEPT. 
"""""""""" 

e 

e 

e 

e 

"""""""""" 

I S  TT INT GREATER 
ThAN 10 MINe 

mN e Y  

"""""""""" 

e e 
e """"""_ 
ADVISE LM e 
CREW  TO SELECT e 
TRANSFER 
PHASE? F INAL  
(TPF) PROGRAN 
(P36) AND e 
COMPLETE REND, 
DEZVOUS 
MANUALLY e """"""_ 

e """"""_ 
SELECT PRO- * 
GRAM AS e 

DESIRED 
KEY IN 
V37E--E """"""_ 

e 

e 

# 1 1 0  

I V *  
1 CHECK  CMC FLASHES VERB-NOUil TO 

REQUEST RESPONSE AND DISPLAYS 
MARKS S I K E  LAST BURN AhD  TT I N T  

FL  V06 N-- 

N 
TT I k T  
BLANK 

oooxx 
XXBXX MIk-SEC 

# 1 2 0  

N-NUMLER  OF  MARKS 
MADE SIhCE  LAST 
THRUSTIiVG MANEUVER 
OR I N I T I A T I O N  OF P20 

# 1 3 0  

#140 

2 e  I F  TT I N T   I S  LESS THAN 10 MINUTES 
ADVISE Lkl CREW TO SELECT P36 AH0 
COMPLETE  REhiDEZVOUS MANUALLY. 

f 1 5 0  

t160 



””“”_ 

GG TO 
PROGRAM 
S t L E C T E D  
””””_ . 

W 

w.. 

E X I T   P 7 5  

. . . . 
W . 
W . 
W 

W 

W 

W 

W 

. . 
W 

””””””“””” ~ ~~” 

I S  THE RENDEZVOUS 
N A V I G A T I O N  PROGRAM 
( P 2 0 )   I N  PROCESS? 

W Y  .I\r 
SHALL I ATTEYPT . 
TO MAKE 
ADD1 T IQllrAL 
O P T I C S  MARKS 
AT T H I S   T I M E ?  . 
.Y  . N  

”””“””“””” 

”””””“”” 

“””“”“““ 

. w .  
W w w  

* w  

w w  
w .  

* .  
w .  
e .  

”“”“ 

KEY Iiv 
V--E 

”””“ 

TERMINATE  FLASH  UPOh 
RECEIPT OF hEk lviARK . 
N O T I F I C A T I O i v  OR .......................... 
PROCEED OR RECUEST 

V33 t  

FOR NE& PROGRAh 

e .  .. 
w w  w .  . w w  

””””””” . KEY I &  PR3CEEC 

w . .  w w  w 

w. 0 .* ”””””””””” 
”””””“” 

* .  
* w  ””””””““”” 

.P w r i  .v . .  w DO REhDE2bi)US 
m i ?  W E  w -  e .  m m  TRACKING  DATA 
WO m w  .- m w  m m  PROCESSIEUG R O c i T I N t  
.C . .E m w  ( R 2 2 ) m  
* E  wP . .  W .  (N0TE:PERFORRi 
.E .R ------, 

*D e 0  DO RE- . .  w FOR  NOT LONGER THAN 
w w  em MARKS PREFERASLY . wG J L ~ E Z -  w .  m w w  2 MINUTES  BUT I &  . *R VOUS- w * w * m * * m w * * w m m w m m w w m  NO CASE  LATER . .A TRACK” w .  m w w  T h A N   T T   I h T  

mC I N G  * w  m w  EQUAL TO 17 WIkm . . . w  .. 
W w .  w w  

#180 

3. I F  RENDEZVOUS R A V I G A T I O ~  PROGRAfvi 
I P 2 0 )  IS I N  PROCESS AN3 

Am A D O I T I O N A L  MARKS ARE  DESIRED 

V”E 

PERFORM  RENDEZVOUS  TRACKING  2ATA 
PROCESSING  ROUTIhE  (K22)  

NOTE: DO NOT  MAKE  MARKS L A T E 2  

#190 

THAN  TT I N T  = 17 MINLiTES 
AND  PREFERABLY  NOT  LONGER 

THAN 2 N I N U T E S  

OR €3. I F  M Y M O R E  MARKS  ARE DESIRED 
V 3 3 E  +200 

4. I F  RENDEZVOUS  NAVIGATION PROGRAW 
( P 2 0 )  IS NOT Ih PROCESS  AND T T   I h T  
IS GREATER  THAlL 20 N I N U T E S  

V 3 3 E  

x.210 

# 2 2 0  

0 ‘ I  
W 

W 

w .  
w e  

w w  
we  

w .  .. 



a... 
. . . e  

. . . e  

.e.. 

0 

N 
m 
iQ 

0 

N 
I- 

s 



e 

0 

e 

0 
"""""""""" 

CALCULATE  THRUST 
I N I T I A L  COILDITIOrL 
PARAMETERS 
"""""""""" 

0 

e 

0 
"""""""""" 

FLASH VERB-PiOUiv TO 
o e o e o e 0 e 0  REQUEST  RESPONSE  AND 
HOLD D I S P L A Y  COMPUTEG 

COMPONENTS  OF 
DELTA  V  (LV)  : 

V 0 6  N-- 
R1-DELTA VX (LV) 
R2-DELTA V Y  (LV) 
R3-DELTA  VZ (LV 1 

CELTA  VX(LV)  - 
COMPONEEvT OF 
IMPULSIVE  DELTA  V  
AT T I G ( n 1 D )   A L O l l G  
( R X V I X R o   I N   F P S  TO 
NEAREST e 1  FFSe 

DELTA  VY(LV)  - 
COMPONElliT OF 
I M P U L S I V E   D E L T A  V 
AT T I G ( I * i I D )  ALONG 
VXRo I N  F P S  TO 
NEAREST e 1  FPSo 

D E L T A   V Z ( L V )  - 
COMPONENT OF 
IMPPLILSIVE DELTA \I 
AT  T IG(M1D)   ALOhG 
- R e  I N  FPS TO 
NEAREST e 1  FPSo 

CENTRIC  RADIUS 
VECTOR  AND V IS LM 
I N E R T I A L   V E L O C I T Y  

#HERE R I S  GEO" 

VECTOR  AT T I G ( M 1 D ) e  
"""""""""" 

e 

e 

e 
0 

0 . 
0 

0 

0 

e 

0 

e 

0 

0 0 

"""""""""" 

MOivITOR  USKY: 
OaSERVE VERE-NO Jli 
F L A S h  TO REPJEST 

OF THREE  COMP3NENTS 
OF IMPULSIVE  DELTA V 
ALONG  LM  LOCAL 
VERTICAL  AXES  AT 

RESPONSE a w   ISP PLAY 

T I G ( M 1 D )  
"""""""""" 

0 

0 

0 

0 

0 

e 
0 

0 

0 

0 

0 

e 
0 

e 
0 

e 

0 

0 

e 
0 

e 
0 

e 
e 
e 
0 

e 

0 

RECORD ThESE  VALUES 
FOR FUTURE  T2ANS- 

"""""""""" 

M I S S I O N  TO THE Lke 
"""""""""" 

V. CHECK CMC FLASHES  VERB-hOUN TO 
REOUEST  RESPOhSE  AND  DISPLAYS 
D E L T A  V. 

FL V 0 6  ti-- 

DELTA VX ( L V )  XXXXeX F P S  
DELTA VY (LIO XXXXeX F P S  
DELTA VZ ( L V )  XXXXoX F P S  

#290 

DELTA  VXCLV) - COMPONENT OF 

ALOrVG ( R X V I X R o  I k  FPS TO  NEAREST f300  
0 1  FPSe 

D E L T A   V Y ( L V )  - CGMPONELT  OF 
I M P U L S I V E   D E L T A  V AT T I G ( M I D 1  
ALONG  VXRo I N  FPS TO kEAREST 
0 1  FPSo 

I M P U L S I V E   D E L T A  V  AT T I G ( M I D )  

DELTA  VZ ( L V )  - COMPO~ENT OF 
I M P U L S I V E   D E L T A  V AT T I G ( M 1 D )  
ALONG -R. I N  FPS TO NEAREST 
0 1  FPSo 

Jt310 

WHERE R I S  GEOCEhlTRIC  RADIUS 
VECTOR  AND  V IS LM I N E R T I A L  
VELOCITY VECTOR  AT T I G ( M 1 D ) .  

%320 

RECOKD  VALUES 

f 3 3 0  

0 0 0 0 



a ......... 
HOLD 

" .  
"""""""""" 

d A I T  FOR KEYBOARD 
ENTRY 
TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
"""""""""" 

9 

"""""""""" 

FLASH VERB-NOUN 
T O  REQUEST 
RESPONSE Ah0  
DISPLAY  T IG(M1D) :  

Vi76N34 
R l - ,   T IG(MID) -HRS 
R2-   TIG(MID)-MINS 
R3-  TIG(M1D)-SECS 

a 

0 

a 

T I G ( H I D ) - T I h E  OF 
I G N I T I O N  OF 
MIDCOURSE  CORRECTION 
MANEUVER (GET) 
MINSm SECSm 
TO NEAREST e 0 1  SECe 
"""""""""" 

"LC"""""""" 

WIAT FOR KEYBOARD 
ENTRY 

TERMINATE  FLASH UPON 
RECEIPT OF  PROCEED 
"""""""""" 

a 

a 

a 

.................... 

MONITOR  DSKY: 
OBSERVE VERB-NOUN 
FLASH I NG  TO 
REQUEST RESPONSE 
AND DISPLAY ?F 

"""""""""" 

TIG(M1D) """""""""- 

"""""""""" 

RECORD THESE  VALUES 
FOR FUTURE TRANS- 
MISSION TO TdE Liil 
"""""""""" 

"""""""""" 

KEY I H  PROCEED 
V33E 

"""""""""" 

"""""""""" 

FLASH VERB-IJOUirj  TO 
REQUEST RESPONSE AND 
DISPLAY CALCULATED 
TERMINAL  PHASE 
PARAMETERS: 

R1-DELTA V (NIDI 
V06 i h -  

R2-TT I 
R3-DELTA V (TPF) 

.................... 
a 

a 
a 

0 

MOivITOR ()SKY: 
OBSERVE VERB-i\JOilN 
FLASH TO REQJEST 
RESPONSE AND GI SPLAY 
OF CALCULATED 
TERMIhAL PHASE 
PARAMETERS 

"""""""""" 

"""""""""" 

e 

a 

a 

a 

V33E 

#340 

V I .  CHECK CMC FLASHES VERB-&OUk TO 
REQUEST RESPONSE AND DISPLAYS 
TIG(M1D) 

FL V06 N34 

T I G ( M I 0 )  OOXXX HRS (GET) 
oooxx WIN 10350 
O X X e X X  SEC 

TIG(M1D):TIME OF I G N I T I O N  OF MID- 
COURSE CORRECTION PtANEUVER (GET). 
MINS. SECS. TO NEAREST a 0 1  SEC. 

RECORD T I G t M I D )  

V33E 

V I  I. 
10 CHECIC CMC FLASHES VERB-NOUN TO 

REQUEST  RESPONSE AND DISPLAYS 
TERNINAL  PHASE PARAMETERS 

FL V06 N-- 

DELTA V (MID)  XXXXmX FPS 

DELTA V (TPF) XXXXmX FPS 
TT I X X E X X  MIPi-SEC 

Y360  

#370 

Y380 



DELTA V ( C , I O )  - 
REQUIRED IMPULSIVE 
DELTA V TO  ACCONP- 
L I S H  NEXT K I D C O M S E  
YANEUVER  AT T I G ( N I D )  a 
I N  FPS TO IriEARE5T 
w 1  FPSa 

T T I  - TIME TO GO TO 
T I C ( X 1 D ) e   I N   M I N  AND 
SECw  MAX READING I S  
59 5 9 .  

DELTA V(TPF) - 
REQUIRED INPULSIVE 
DELTA V TO ACCOHPLIS.1 
I hTERCEPT (TPF) 
MANEUVER  AT CAL- 
CULATED TIME OF 
INTERCEPT. IN FPS TO 
NEAREST e l  FPS 
"""""""""" 

W 

a 

W 

W 

W 

W 

W 

a 
a 

W 

W 

a 
W 

a 

e 
0 

a 
e 
a 

a 
W 

W 

a 
W 

a 
W 

W 

a 
W 

"""""""""" 

RECORD THESE  VALUES 
FOR FUTURE 
TRANSmISSIONS T3 
THE L E  
"""""""""" 

e 
e 

e 
"""""""""" 

SET LEB CLOCL 

I F  DESIRED)   T3   TT I  
(AND hDC CLOCK 

"""""""""" 

W 

a 

e 
"""""""""" 

I S  A iiIDCOURSE CUR- 
RECTION BURN SE3UIR- 
E D ? ( R A I h  CONSIDERA- 
TIOt'd IS MAGNITUDE O f  
DELTA  V(MID) ) 
"""""""""" 

.N W Y  

W a 
W W 

W W 

e 0 

W W 

a W 

W W 

a 

a W 

W W 

DELTA V (HID) - REQUIRED  IkPUL- 
SIVE  DELTA V TO ACCOMPLISH  NEXT 
MIDCOURSE MANEUVER AT T I G ( M I D )  

T T I  - TIME TO  GO TO TIG(M1D).  

DELTA  V(TPF) - REQclIRED IMPULSIVE 
DELTA V TO ACCONPLISH  IKTERCEPT 
( T P F )  MANEUVER AT  CALCULATED TIME 
OF IFtTERCEPTw 

#390 

i 4 1 0  
RECORD VALUES 

SET CLOCKS TO T T I  (MDC CLOCK 
OPTIONAL) 

Y 4 2 0  

2 .  I F  A RIDCOURSE  CORRECTION BURN 
I S  REQUIRED* 

6430 



. . e . . e . . 
e . . . . . . . . 
"""""" e """""""""" 

W A I T  FOR KEYBOARD 
ENTRY 

KEY Ii\i RECYCLE 
m m m m * e * m m e e m m e m m e m e m  V32E . . """""" . . . . e . . e . .......... . . 

. . 
TERMIkATE  FLASH UPOk 
RECEIPT OF REJUEST m m m m m m e m m e m o m m m e m m m *  

FOR RECYCLE OR . 
PROCEED 

.P m i ?  
e R  .E . 
.O .c 
.C .Y 
.E .C . 
.E .L . 
.3 .E . 

"""C""""""" . 

.................... 

"""""""""" 

IS THE REi\iBEZVGUS 
FLAG SET(SEE P 2 0 ) ?  
"""""""""" 

. . 
""""" . 
DISPLAY PZO.................... 
""""" . . 

. . 

. . 

P e 5 # 2 / 2 7 8  

V32E 

# 4 4 0  

e 

"""""""""" 

RECORD THESE VALUES RECYCLE TO STEP I11 
.FOR FUTURE TRANS- 
MISSION TO THE LM 
"""""""""" 

e 3. I F  A MIDCOURSE  CORAECTION BURN 
IS NOT REQUIRED 

6 4 5 0  

. """""""""- 
KEY I N  PROCEED 

V33E V33E 
"""""""""" . 

e . 
. 

"""""""""" 

TRANSMIT ALL VIII. TRAi\iSMIT ALL MANEUVER PARAMETERS 
MANEUVER  PARA.4ETER.S TO THE LMm 
TO THE LM 
"""""""""" 

. 
"""""""""" 

I S  THE REiuDEZVWS 
NAVIGATION P23GRAM 
( F ' Z O )  I N  PROCESS? 
"""""""""" 

.Y .N . . . . . """""""_ 
OBSERVE DISPLAY 
OF P2Om """""""_ 

e . . . . . P75/CSM2/278 . . 

I X e  CHECK  CMC GISPLAY  P20 

OR 
FLASHES VERB-NOUN  TO  REQUEST CIVIC 

R'460 

ilf470 

# 4 8 0  



0 . . . 
a . 
0 . 

~~~~~ ~~~ ~~~~~~~ ~~~ ~ ~~ ~ . . . ..* . . . EXIT  P75 . . . . 
"""""""""" . . f LASH VERB-iqOUilj 

HOLD PERFORM SELECTION OF 
m0mma.o.a T O  REQUEST PLEASE 

.................... . 
CMC I D L I N G  PROGRAM 
(PO01 : 

V50N07 
R 1-00000 
R2-BLAM 
R3-BLANK 

"""""""""" . . 
"""""""""" 

WAIT FOR KEYBijARD 0 

ENT2Y  TERMIhATE 
FLASH UPON RECEIPT 
OF NEW PROGRAM 

m * m * * * o * m a * o a m * * * * * *  . 
"""""""""" . . . 
"""""""""" 

GO TO PROGRAM 
SELECTED 
"""""""""" . . 

a * *  . 
EXIT  P75 

0 . . . . . . . . a .*. 
0 . 

EXIT  P75 . . 

IDLING PROGRAM 

P75/CSM2/278 

k490 

"""""""""" 

MOR I TOR DSKY : 
OBSERVE  VERB-NOUN 

FLASH TO REQUEST 
PLEASE PERFORlY SELE- 
CTION OF CMC IDLING 
PROGRAM (PO04 

" ~ " ~ " ~  

"""""""""" 

"""""""""" 

"""""""""" 

"""""""""" 

GO TO  PROGRAY 
SELECTED 

.~ - 

"""""""""" " . 
a ... . 

EXIT  P75 

FL V50 NO7 
00000 
BLANK 
BLANK 

Y500 

f 5 1 0  

SELECT DESIRED PROGRAM 

V37E--E 

#520 





30,- 
APOCLO  COMPUTER LOGIC  CHECKLIST   I kTERFACE 

PROGRAM SELECTION CHECK 2 D L I T I N E   ( R o l l  REV 3 10/31/66 

PURPOSE (1) TO  CHECK I F  A.NELj PROGRAW MAY BE  ENTERED FRON TrlE PROGRAM I N  PROCESS. 

ASSUMPTIONS (1) A  TABLE (V37 TASLE)  I S  STORED Ii\j THE CMC dHICH  DEFJMES  ALL  PROGRAMS FKOM WHICH ANY OTHER PROGRAI~ NAY BE ENTERED. 

( 2 )  T h I S   R O U T I N E  15 AUTOHATICALLY  CALLED  BY  THE  CMC~wriEF~EVER ANY NEN  PROGkAM IS CALLED  (E ITr lER  AUTOMATICALLY BY T h E  
CMC OR MANUALLY  BY  THE CREW). 

PROG 
CONT 

CMC 

CMC 
ROUT I NE 

.SELECTION ............. 
"""""""""" 

START PROGRAiri . 
SELECTIOlL CHECK 
ROUT I NE (RO 1) 
"""""""""" . . 
"""""""""" 

OBTA I iu PRESEivT 
PROGRAM iitUMnk2 
AND DESIRED PROGRAM . 
h;JMEER FROM STORAGE 
"""""""""" . 
"""""""""" . 
C O M U L T   V 3 7   T A 3 L E  
FOR V A L I D I T Y  GF NEhi 

IS NEW PROGRAK 
V A L   I D ?  

.Y .N . 
PROGRAh  SELECTIOIU, 

"""""""""" 

. . . e . . . 
. . 

GR5UND 

.......... . . . . . 

CREW CHECKLIST T IME  TOTAL 
T I M E  

f 1 0  

820 

Y 4 0  
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a a 
e a 

a 
a 

a a a 
a a a a e 
a a e a 
a a a a a 
a a a 
a COMMAND 

a ROR  ALARM a a a A L A R M   I N D I C A T E   T H A T  

a a a a N O T   V A L I D ?  
a a a a """""""""" 

"C""""" """""""""" 

a a a MONITOR DSKY 
e OPERATOR  ER- a e a a ~ e o a a a a a e ~ a a a a . a  DOES  OPERATOR,  ERROR 

e """C""" a a PROGRAM S E L E C T E D  WAS 

0 e e a Y  a N  
a a a e  a a a 
a a e a e a 

a O R I G I N A L  a a a 
a PROGRAM a a a 0 

a a a a a 
a a a e a 
a a a a e 
a """"""" a e 

a RESET  OPERAT- a e 0 

3""""""" 

a OR ERROR 
PUSH ALARM 

a a a a e a e e m a a a e a a a e a a e  R E S E T   T O   R E S E T  
a ALARM m a  a OPERATOR  ERR02 """"-"" a ALARM a 

e E X I T  TO a e a e 

a a e """""""_ 
a a a a e 
a e a a a 
0 a e a 
a a a """""""_ 
a a 0 DO I WISH TO a 
a a a CONT I NUE e 

a a a PROGRAM OR a 

a a a ANOTHER  PROG2AM 
a a a """""""_ 
a a a a iqEk a3RIG a 
a e e a PROG  *PRO& e 
a a e a a a 
e a a a a a 
a """"""_ a a ~""""" 

a STORE NEini a o  a a a 
a PROGRAM e a e * a e e t a a a o e a * a e e a *  D E S I R E D  a a 
a WUMBER m e  a PROGRAM a a 
a """""C" e a K E Y  IF\( e a 
a a e a V37E"E a a 
e a e a """"" 0 

e a a e a a a a  a 
a a a a a e a 
a a a a a e a a a e e  a E X I T  TO. e 

a PHOSt7AY 
a a 
a a 

e a a RESELECT a 

e 
S E L E C T  

0 a a a e a a a a a a  O R I S I N A L a  

"""""""""" """""""""" 

GO TO  Pi70GRAM GO TO  PROGRAN 
SELECTED  SELECTED 
"""""""""" """""""""" 

e a 
a e 
a e 
a a 
a a 

$50 

Y60 

f 7 0  

Y 8 0  
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Z W  AP3LI.O COMPUTER LOGIC.  CHECKLIST  INTERFACE 

IMU STATUS CHECK ROUTINE (R02) REV 4 10/11/66 

PURPOSE: (1) TO CliECK WHETHER I M U  IS ON  AND IF ON WHETHER I T  IS A L I G N E D  TO  AN ORJENTATION KNOWN BY THE CMC. 

(2) TO  REQUEST SELECTION OF THE  APPROPRIATE PROGRAM I F  THE  IMU I S  OFF OR NOT A L I G N E D  TO AN  ORIENTATION KNOWhi b y  THE 
CMC. 

ASSUMPTIONS: (1) THE  ROUTINE 15 AUTOMATlCALLY  SELECTED BY PROG~AMS---------------, 

CMC 
.ROUTINE 
+SELECTION . ... . 

"""""""""" 

START IMU  STATUS 
CHECK R O U T I N E   ( R 0 2 )  
"""""""""" . . . 
"""""""""" 

IS THE IS5 O R I E i v T A I -  
T ION KNOWN FLAG SET? 
(CHECK  REFSMFLAG) 

.Y .i\i """""""""" . . 
"""""""" 

IS 15.5 ZERO FLAG 
SET? 

.Y .N 
"""""""" 

e . . . """"""_ 
FLASH  VERB- 

* tUOUN TO RE- 
* QUEST  PLEASE 

PERFORH 
SELECTION OF 
GNCS START UP 
PROGRAM 
(PO5): . V 0 5 N 0 7  . R l - 0 0 0 0 5  

R2-BLANK . R3-BLANK "-""""" . . . . . . . . . . 

MOiv i TOR DSK Y : . OBSERVE  VERB- 

+ REGUEST  PLEASE 

"""""""""" 

+..~+...+.~~~*~*~~.* NOUN F L A S H   T 3  

PERFORM SELECTION 
OF GNCS STARTJP 
PKOGRAM(P05) 
"""""""""" . . . . . . . 

8 . . 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . -"""""" 
WAIT FOR KEY- """""""""" . 
BOARG ENTRY SELECT  DESIRED 

TERM X NATE 
FLASH UPON 

. PROGRAM. 
* * * * * * * * o * * e * q * * * m m *  KEY I &  

RECEIPT  DF 
NEW PROGRAM """""".. . . . ""-"""" 
GO TO  PROGRAM 
SELECTED. 
C"""""" . . ... . 

E X I T  ROZ 
AND P o - -  

"""""""" 

FLASH VER& 
NOUN  TO RE- 

PERFORM SELEC-- 
SUEST PLEASE e * m * * m * m m a m * e m m m m m m .  

. . 
TION OF I M i J  
ORIENTATION 
DETERMIRATION 
PROGRAtcl 
( P 5 1 ) ;  

V5Oh07 
R l - 0 0 0 5 1  
RZ-BLANK 
R3-BLANK 

"""""""" . . . 
"""""""" 

WAIT FOR KEYBOARD . 
ENTRY .....*.*...*...*.... 
TERMINATE  FLASH 
UPON RECEIPT OF 
NEW  PROGRAM 

. 
"""""""" . . . . . . . 

V37E--E 
"""""""""" . . . . 
"""""""""" . 
GO TO  PROGRAM 
SELECTED. ""-"""-"""" . . 

..a . 
E X I T  202 
AND Pew. 

"""""""""" 

MONITOR 'DSKY: 

FLASH TO RElJEST 
PLEASE PERFORM 
SELECTION OF I M i J  
ORIENTATION DETER- 
MINATION PROS2AM 
(P51)  

OBSERVE  VE3.8-NOUN 

"""""""""" 

. . . . . . . """""".." 
SELECT  OESIRED 
PROGRAM. 

KEY I N  
V37Em-E ""-""""" . . . . . . . . . 
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AP3CLO COMPUTER LOGIC CHECKLIST  IhTERFACE 

RENGEZVOUS TRACKING  SIGHTING MARK ROUTINE (R21) REV 4 1 0 / 3 1 / 6 6  

PURPOSE: (1) TO PERFORM SIGHTING M4RK5 I N  CONJJNCTION  WITH  TdE RENDEZVOUS PIAVIGATION PROGRAM ( P 2 0 ) .  

ASSJMPTIOhS: (1) SIGHTINGS ARE VADE ON THE L#   USING THE SCT OR SXT. 

( 2 )  WHEN THE CMC ACCEPTS A. MARK I T  RECORDS AND STO3ES 5 ANGLES ( 3  ICDUS AND 2 OCDUS) AND THE TIME OF MARK I N   P O S I T I O h  
#I. AND IIOVES  PREVIOUS MARK DATA ( I F  ANY) TO POSIT ION # 2 .  I F  A MARK I S  REJECTED  (BY  PRESSING MARK RELIECT BbTTOh) THE 

(3) ThE PREFERRED ATTITUDE  ROUTINE (61) WILL AUTOMATICALLY HOLD THE LM AT  THE  OPTIMUM LOCATION I N  THE F I E L D  OF V I E "  
I F  THE AUTOPILOT CONTROL SWITCH I S  PLACED  AT GNC  AND THE AUTO MODE I S  SELECTED. I F  THE FREE MODE I S  SELECTED  THE 
ASTRONAUT MAY HOLD  THE LY I N  THE F I E L D  OF VIEW USING THE MINIMUM  IMPULSE CONTROLLER. I F  THE  HOLD MODE I S  SELECTED 
THE ASTRONAUT MAY HOLD THE Lbl I N  THE F I E L D  OF V I E W  ?ISIl\iG  THE  PORTABLE  ROTATIONAL HAND CONTROLLER. 

(4) THIS  ROUTINE IS AUTOMATICALLY  SELECTED b y  THE  2ENDEZVOUS  TRACKING  DATA  PROCESSIivG ROUTIhE  (R22)a  

PROG 
COPIT 

CkC GROUND CREd  CHECKLIST 

CMC 
.ROUTINE 
oSELECTIOh . ... . 

"""""""""" . 

START REkDEZVOUS 
TRACKING  SIGHTING 
MARK ROUTINE  (R21) . 

a 
.a.. .aao.. . 
a a . . 

0. FLASH VERB-NOUN TO 
"""""""""" 

.a..aa. REQUEST PLEASE NARK 
HOLD. V 5 2  N  BLANK 

0 R 1-BLAIUK . R2-BLANK . R3-BLANK . . a 

"""""""""" 

...ao.a..a. 

a a . """""""""" 

0. MOhITOR OSKY: 
aa........a....aa.aa OBSERVE FLASdIN'1 

0. VERB TO REQUEST 
a PLEASE MARK 
a 

a a . a . a 

a a 

a a . . 
a a . . . a . a 

"""""""""" 

TIME  TOTAL 
T I M  

la10 

# 2 0  

f 3 0  



. . 
a . . . . . . . . . . . . 
a . . . . . . . . . . . . . . 
0 . 
0 . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . """""""""" 

WAIT FOR KEYBOARD . 
ENTRY 

MARK 
m.**m.+**ma*.mmmmm.a . . . . . . . . . . . . 

MARK REJECT. .................... . . 
0 

TERMINATE  FLASH . 
UPON RECEIPT ENTER . 
OF MARKgMARK ................ 
RESECT OR ENTER 
"""""""""" 

.M 

.A 

.R .I< 

.R 
mE 
.J 
.E 
.C 
.T 

15 MARK 
FLAG  SET? 

. 

"""""* 

e""""" 

.k Y. . . . . 
m a * m * * m m m  . . . . . . 

RESET MARK 
FLAG 

"""""_ 
. """""_ . . . . . . 

a . . " 

. . . . . 
"""""""""" 

SELECT MAiVUAL OPTICS 
MODE 
"""""""""" 

. . 
"""""""""" 

WHEN LM IS AT 
CENTER OF RETICJLE 
PRESS MARK BUTTON 
"""""""""" 

. . """""""""_ 
WAS SIGHTING SATIS- 
FACTORY? 
"""""""""". .N . . 
"""""""* 
PRESS MARK 
REJECT  BUTT3N 
"""""C"" . . . . . . . . . . . . . . . . . . 

0 . . . . . . . . . . . . . 

.Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . 

Y50 

YbO 

Y70 
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0 

0 

0 

"""""""""" 

IS THERE MARK DATA 
IN POSITION %1 
"""""""""" 

O Y  *k 
0 

0 
"""""""" 

TRAiiiSFER 
MARK DATA 
FROM POSITION 
#l TO POSITION 
if20 
"""""""" 

e.. 

EXI; R 2 1  E X I T  221 
0 

#150 

%160 





AP3LLO COYPUTER LOGIC.  CHECKLIST  INTERFACE 

RENDEZVOUS  TRACKING  DATA  PROCESSING  ROUTINE ( R Z 2 )  REV 6 11/01/66 

PURPOSE: (1) TO PROCESS RENDEZVOUS SIGHTING M A ~ K  DATA TO UPDATE THE STATE VECTOR OF EITHER THE CSM OR LM AS DEFINED aY THE 
RENDEZVOUS NAVIGATION PROSRAM (P20) .  

ASSUMPTIONS: (1) THIS ROGTINE IS MANUALLY SELECTED ~ Y . . T H E  ASTRONAUT EY V--E  HENE EVER RENDEZVOUS SIGHTING MARKS ARE DESIRED. ITS 
SELECTION HO~JEVER I S   L I M I T E D  TO THE PERIODS W E N   T 4 €  CMC IS HOLDING FOR A  V/N  FLASHING DATA DISPLAY,  THIS  ROUTINE 
RETU3NS TO THE ORIGINAL P2OGRAM AT THE INTERRUPTED  DISPLAY. 

PROG 
CONT 

CKC GR3UND CRErj 

oCRErl 
oROJTIKE 
.SELECTION . 

0 . .  

"""""""""" 

START REIUDEZVOIIS . KEY I &  V--E 

CESSING  ROUTINE 
(R22)  

"""""""""" 

TRACKING DATA PRO- o...o.o...oo....o... --~-------"---"--- 
C"""""""""" . . 
"""""""""" 

RESET  TERMINATE 
FLAB 
"""""""""" 

0 

0 . 
I S  REWUEZVOUS FLAG 
SET (SEE P 2 0 ) ?  
"""""""""" 

. . 
9.3 . 

CHECKLIST TIME  TOTAL 
TIME 

#lo 

#30 
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e 
e 
e 

e 0 

e 
"""""""""" 

15 THERE  DATA Iiu 
MARK D A T A   P O S I T 1 3 N  
8 2  (REFER  TO  R21 FOR 
DESCRIPTION  OF 
MARK D A T A   P O S I T I O N S )  
"""""""""" 

e e N  
e e 
e e 

C"""""" 

e HAS TERlYlIrJATE 
e FLAG  BEEN  SET 
e B Y  R 2 1 7  

e e N  e Y  

"""""" 

e 8 0 

e e e 
e 

e 

e 
"""""""" 

RESET T E R M l W T E  
F L A G  
"""""""" 

e 
e 
8 

* * e  

EX;T R 2 2  

* Y  
8 

e 
8 

e 

e 

e 
e 
e 
e 

e 
0 

e 
e 
e 

e 

e 
e 
e 
e 
e 

e 
8 

e 
e 

"""""""""" 

TRAivSFER  MARK  DATA 
FROM P O S I T I O N  $2 
T O   P O S I T I O N  W3 
"""""""""-3 

e 
e 
e 

"""""""""" 

CALCULATE  THE  LO5 
TO THE  LM  BASED  3N 
THE MARK DATA I h  
P O S I T I O I \  # 3 e  
"""""""""" 

e 

e 
e 

e 
e 

0 . 
8 

e 
e 
e 

0 

e 
e 
e 

e 

e 
e 

e 

e 
e 

e 
e 
e 

e 

0 

e 
e 
e 
e 

0 

e 

e 
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e 

e 

e 
8 
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e 
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8 

e 

e 
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e 

e 
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e 

e 
e 

0 

e 

e 

e 
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#90 

if100 

fllO 

# 1 2 0  
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~. . . . . . . 
WL : . . R22/CSM2/278 . . . . 

"""""""""" 
. . . . . . . . . . . . . . 

BASED Or\i THE CALCU- 
LATED LO5 TO THE LM 
CALCULATE  THE REOUI- 
RED CORRECTIOM T 3  
UPDATE  THE  STATE 
VECTOR DESIGNATED 
BY THE STATE VECTOR 
FLAG  (SEE P20)  
(NOTE: FOR DESCRIP- 
TIOM OF UPDATE PRO- 
CESS REFER TO 
SECTION  5.2 OF R 5 4 7  . VOL I.) 
"""""""""" . . . . 

0 . 
"""""""""" 

a . . . . . . . . . . . . . . 

IS THE MAGNlTUDE OF 
THE REQdlRED  STATE 
VECTOR  CHANGE GREAT- 
ER THAN *---? 

. . 14 .Y 
"""""""""" 

* .  . . .  . . .  """"""_ . .  TERMIiJATE 
0 .  REtirDEZVOJS 0 . .  TRACK I NG 
* .  SlCHTING MARK . . .  ZOUTINE  (R21)  . . . .  """"""_ . . . . 
. .  . . .  . . .  . 

"""""""" """""""""" 

NOU;d TO REQUEST 
RESPOhSE AND DIS-. 
PLAY  EXCESSIVE 
UPDATE PARAME- 
TERS. . 

. .  FLASH VERB- * * * * * * * * m * m m * * m . * * m m  MOIirITOR DSKY; 
DOES A VERB-h3UH . . FLASH TO REWEST 
RESPONSE A N D  A 915- 
PLAY OF EXCESSIVE 
UPDATE  PAliAMETEaS 
INDICATE THAT  TAE 
MOST RECENTLY PRO- 
CESSEO MARL DATA 

V06 N75 
R1-DELTA  P 
R2-DELTA  V 
R3-BLAhK 

. .  . .  . .  
0 .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . *  

. . . . MILL RESULT 1?4 AN . EXCESSIVE UPDATE? . . . . . . . . . 
0 

)140 

#150 

#160 

k170 

*180 



DELTA P - MAGNI- 
TUDE OF THE DIF- 
FERENCE  BETWEEN 
THE P O S I T I O h  
VECTOR BEFORE 
AND AFTER 
INCORPORATION OF 
T H I S  MARK DATA. 
I N  N.M. TO FiEAR- 
EST 0.1 N m f l m  

DELTA V - i.iAGNI- 
TUDE OF TtiE D I F -  
FERENCE BETWEEN 
THE V E L O C I T Y  
VECTOR BEFORE 
AN3  AFTER 
INCORPORATION OF 

I N  FT/SEC TO 
THIS MARK DATA. 

lriEAREST FT/SECo 
"""""""" 

"""""""""1- 

e Y  . 
e 
e . 

0 

. 
0 "-""""" 

DO I dISH. TO 
INCORPORATE 
THIS UPDATE? 

.Y m i l  

""""""_ 
"""""""" e 

e WAIT FOR KEY- 
"""""""_ * 

BOARD €&TRY. 
KEY Iik PROCEEO .................... V33E """""""_ 

0 . e .......... 
e e . """""""" 

DO r WISH TCI 
CEASE RENDEZVOUS . TRACKING? 

.N 
"""""""" 

.Y . e 

"""""" 

KEY Iiu RE- . .................... CYCLE 0 

0 V32E e 
""""""I. 

0 . 
0 e 

e 

if190 

# Z O O  

# 2 1 0  

# 2 2 0  



TERMIhATE FLASH 
UPON i?ECEIPT O f  
P2OCEti)r ZECYCLE 
V--E 02 NEW 
PROGRAM. 

.P .R .V .v 

.R .E .- .3 

.3 .C .- 07 

.c . Y  .E .E 

.E .C . .O 
*E .L .O 
00 .E * E  

""""""""" 

0 .  . . 
* .  . . 
0 .  0 . 
0 .  . 
0 .  . 
* .  . 
0 .  0 

* .  . 
0 .  . * .  . . 
0 .  . . * .  . 
* .  
0 .  . * .  
0 .  . . 

0 . . . . . . . . . ............. . 
"""""""""" 

IS ANOTHEk P2DGi;tAti 
BESIDES P20 I &  
PROCESS? 
"""""""""" .N .Y 

""""""" 

P20 MAY BE . 
TtRMINATEC . 
IN TWO  UIAYS. 
""""""" . 0 .  

0 0 .  

a .  """""_ . SELECT CMC .................... IDLING PRO- . .  . GKAN (POO) 
KEY I N  0 .  

V37EOOE """""_ . a .  * .  
0 0 .  """_ . KEY I N  ........................... V"E . """_ . . . . """ ................................ CEY IN . V"E . . . . . . . . . . . .  . . 

""" 

. E X I T  222  
AYE P20  . . . . . . . . . . . . . 

a . . . . . 

#250 

#26O 

5280 
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. .. . . .. . 
. """"_ . . . . . . . .me . . . E X I T   R Z Z  . . .  . A+iD P20 . . .  . 

0 .  . . .  . . . .  
RESET 
R E N D E Z V O ~ S I  
TRACK  AND 
UPDATE 
FLAGS. 

""""" 

b b  . .. . . . .  . . . .  . . . .  * * b  . . .  b 

* b  E X I T   R 2 Z  

""""". 

. . .  AND P 2 0  . 0 .  . . .  . . .  
*"""""" 
.RECALL 
eREhDEZVOUS 

e *TRACK I iuG 
b .S IGHTING 

*MARK R O U T I N E  
e ( R Z 1 )  
*"""""" . . .  . .. . .. """"""""""_ 

I S  UPDATE  FLAG SET 
(SEE P Z O ) ?  . rlu .Y 

C"""""""""" 

......... . """""""""_ . . 
INCORPORATE  STATE 
VECTOR  CORRECTION 
I N T O   S T A T E  VECTOR 

STATE  VECTOR  FLAG 
DESIGNATED BY THE 

(SEE PZO). """""""""_ . b . . . . . . * . i  

f 3 6 0  

,370 

Y380 

wcsM2'278 



e e 
e e 
e e 
e e """"""""""_ 
e INCREMENT RENUEZVOUS 

TRACKING MARK COJNT-  
e ER BY ONE. """"""""""_ 
e 

e 
e 
e 

e 

e """"""""" 

e IS TERlviIIqATE FLAG 
e SET  (SEE  HZ117  

e h  e Y  
""""""""" 

e e e 
e e e 
e e m e e e e e e e  e 

e 
e 

RESET T E R M I -  
"""""" 

NATE FLAS 
"""""" 

e 
e 
e 

* e *  
e 

EXIT R 2 2  

#400 

#4 10 

$ 4 2 0  



e 



PURPOSE: 

ORBIT  PAR 

APOLLO 

AMETER D I S P L  

COMPUTER L O G I C   C H E C K L I S T   I N T E R F A C E  

.AY R 3 U T I N E   ( R 3 0 )   R E V  4 10/26/66 

( 1 )  TO P R O V I D E  THE ASTRONAUT  PERTINENT  ORBITAL  PAR4VETER.S  COMPUTED  BY  THE CMC TO  SUPPLEMENT O R B I T A L   I N F O R M A T I O h  
PROVIDED HIPI BY THE GROUN3. 

ASSUMPTIOhS:  ( 3 )  THE  ROUTINE IS NORMALLY  MAWALLY  SELECTED  BY TrlE ASTROlvAUT  BY  DSKY  ENTRY OR AUTOMATICALLY  SELECTED  BY  THE 
PARTICULAR PROGRAM I &  PR3CESS  AT THE END OF SPS OR RC5  THRUSTING MANEUVERS. 

PRQG 
COkT 

CWC GRDUiJD CR E i4 

. cr-lc 

.ROL;TINE 

.SELECTION 

.CREN 

.ROUT I RE 
aSELECT1Olu . . ... ... . . 

"""""""""" . """""""""" 

D I S P L A Y   R O U T I h E   ( R 3 0 )  
START  OREIT  PAak~ETE~....r.c...r......c.. KEY IN V 64 E 

"""""""""" 

"""""""""" . . . . . . """""""""" 

E X T R A C T   E X I S T I i i G  . 
STATE  VECTOR  FRaM . 
STORAGE  AND  COWPilTE . 
ORBIT  PARAMETERS 
"""""""""" . . . . . . . 
"""""""""" 

POSS . FLASH VERB-iUGUN T S  I MI)i%ITOR DbKY: 
""""""""" 

......... REQUEST  RESPOiqSii  AND .................... OBSERVE  VERB-haJIU 
HOLD DISPLAY  ORBIT   PARA-  F L A S H  TO R E 3 J E S T  

METERS RESPOhSE  AND 31s- 
V06 4143 PLAYS OF APOSEE 
Rl -APOGEE  ALT ALT, PERIGEE ALT 
R2-PERIGEE  ALT AkD TFF 
R3-TFF """"""""" . 

n . . . . . 
3 2 :? . 

C H E C K L I S T  T I M E   T O T A L  
T I M E  

*20 

Y 3 0  



APOGEE ALT-ALTITUDE 

THE LAUNCi-I ?AD 

CAL MILES T O  NEAR- 

OF  APOGEE AEOvE 

RADIUS. I N  NAUTI- 

EST * 1  hi40 

PERIGEE  ALT-ALTITUDE 
OF PERIGEE ABOVE 
THE LAUNCH PAD 

CAL MILES TO IqEAR- 
RADIUS. I N  NAUTI- 

EST m 1  kMm 

TFF-TIME OF FREE FALL 

ALTITUDE ABOVE  THE 
LAUNCH PAD RADIUS. 
I N  iIfIi\* SEC TO 

READING I S  59 53 
(EXCEPT I F  PERIGEE 
ALT IS GREATER  THAN 
300r000 F i e  TtiE  TFF 
DISPLAY WILL READ 
59 59.) 

TO 300r000 FTm 

NEAREST SEC. NAX 

"""""""""" 

. 
"""""""""" 

dAIT FOR KEYBOARD 
ENTRY 

RECEIPT OF  PROCEED 
TERMINATE  FLASH UPON . m.m*.. m..m.....*.C.. 

"""""""""" . . 
"""""""""" 

I S  PERIGkE ALTITLJUE 
LESS THAN OR EQUAL 
T O  3009000 FT. 
"""""""""" 

.Y i\l . . . . 
m.. . 

EXIT  R30 

. 

. 

. . 

. . . . 

. 

. 

. . 
""""""""" 

WHEN FINISHED HjITH 
DISPLAY 
KEY IN PROCEED 

V 3 3  E 
""""""""" 

. . 
""""""""" 

LIAS PERIGEE ALT 
DISPLAYED  Aa3VE 
LESS THAN OR EPJAL 
TO 300r000 FT. 
""""""""" 

.Y .N . . 
0 . .  . 

EXIT   R30  

. 

#50 

Y60 

Y70 

#90 

R3 9 / C S M 2 / 2 7 8  



. . 
0 . 
0 

POSS FLASH V E H B - i V W N  TO 
.....o..* REQUEST RESPONSE AND 
HOLD e CISPLAY T PERIGEE: 

"""""""""" 

V06 N35 
Rl-T PERIGEE-HYS 
R2-T PERIGEE-i?IN 
R3-T  PERIGEE-SEC 

T PERIGEE-TIME T O  

M I ~ S I  SECS TO 
PERIGEE. IN HHSI 

NEAREST 001 SECm 
"""""""""" 

e . . 
"""""""""" 

HiAIT FOR KEYBOAFiIj 
EhTRY 
TERMINATL FLASH UPON 
RECEIPT OF PROCEED 
"""""""""" . . 

e.. . 
EXIT R30 

. . . . 
""""""""" 

MONITOR U5KY: 

VEil8-1u0UN T 3  
o....o..o.oo...e.... 06SERVE FLASHIh; 

RLQUEST  RESP3LSE 
AA@ DISPLAY 3 F  T 
PERIGEE 
""""""""" . . . . . 

9 . 
""""""""" 

e WhEN FIkISHED 

e KEY Ilk PROCEED 
~ o ~ ~ o . ~ o . o . ~ . . o e . . . .  WITH DISPLAY 

V 33 E 
""""""""" 

e 
e 

0 . .  

e 
EXIT R30 

*loo 

id120 





APOLLO COlMPUTER LOGIC  CHECKLIST  INTERFACE 

RENDEZVOUS  PARAMETER D I S P L A Y   R O U T I N E   ( R 3 1 )  REV 3 10/07/66 

( 3 )  TdE  ROUTINE IS SELECTED BY  THE  ASTHONAUT  BY 3S<Y ENTRY. 

PHOG 
COhT 

CMC GR3UhD CREvl 

oCREd 
.ROUTINE 
S E L E C T I O N  

0 . .  

0 

STAAT  BACKUP 

G I S P L A Y   R O U T I N E   ( R 3 1  

""""-"""""" """""""""" 

0 0 . . 0 . 0 0 0 0 . . 0 0 0 . 0 . 0 .  KEY Iit V"E 
RENDEZVOUS  PARAIvlETER 0 """""""""" 

""""""""""- 
0 

0 

0 

. O O O O O O . O  FLASH VERE-iuOUiu TO 
. """""""""" 

HOLD 0 RERUEST  HESPOhSE  AN3 
DISPLAY  RENDEZVOJS 
PARAMETERS: 

V 0 6  N-- 
R1-RAi'lGE 
RZ-RAIUGE HATE 
R3-THETA 

RANGE-CALCULATED 
RANGE TO L Y o  I N  
N A U T I C A L   M I L E S  TO 
hEAREST 001 lu%o 

.....* t............. 

0 

"""""""""" 

MONITOR  DSKY: 
OBSERVE  VERB-N3JK 
F L A S H  TO REQUEST 
RESPONSE  AND 31 SPLAY 
OF RENDEZVOLJS 
PARAMETERS. 
(kOTE:  THESE  PARA- 
METERS ARE 3ALY 
COMPUTED  ONCE AND 
ARE NOT CONTI WALLY 
UPDATED. 
"""""""""" 

0 

0 

0 

0 

CHECKLIST T IME  TOTAL 
T I M E  

# l o  

#20 



RAkGE  HATE- 
CALCULATEL RAhGE 
RATE  BkTKEEN CSlii Ai40 

I N D I C A T i S   C L O S I A G  
I N  FPS TO NEAREST 
0 1  FFS 

THETA-ANGLE  GETWEEN 
C5M + X   A X I S  AND THE 
LOCAL  HORIZCNTAL 
PLANE  AT T t i t   P S t S E N T  

I N D I C A T E S   + X   A X I S  

DEGREES T O  iGEPREST 

L1. N E G A T I V E  SIGN 

TIME. PLUS S I G q  

4i30VE PLANE. I N  

001 DEGFlEE 
"""""""""" . . . 
"""""""""" 

9ELEASE GSKY 
FOR LclC PROGKAA JSE 
w H E I ~  KEY  RELEASE IS 
RECEIVED. 
"""""""""" 

.*. 
E X I T   R 3 1  

n40 

. . . . . . . . . . . . . . . 
"""""""""" . OBSERVE  PAKA.VIETEKS 

F I N I S H E D  PilS4 KEY 
.................... AS DESIRED WilEiV 

RELEASE """""""""_ . . 
0 . .  . 

E X I T  2.31 

#50 

f 6 0  

Y70 





1 33D 
APOLLO COWPUTER LOGIC  CHECKLIST   IhTERFACE 

, 
TARGET  UELTA  V  HOUTIlvE (R3Z)  REV 4 10/06/66 

ASSUMPTIOiqS: (1) THE C51i  CREW  HAS  THE  DELTA V TO BE APPLIED  BY  THE LM I N  LOCAL  VERTICAL  AXES  AT  A   SPECIFIED  T IG,   ThESE  VALUES  ARE 

I r i G  PROGRAMS TO DISPLAY  Tr iE  RESULTS OF THE  kANEUVE2 IN A FORM USABLE BY THIS   ROUTINE.  IF THE BURN IS h0T NOMINAL ANCi 
D ISPLAYED  PHIOR TO T IG  BY  THE  THRUSTIQG PROGRAM (P409  P 4 1 1  AND P 4 2   I N  THE  LGC). NO P R O V I S I O N   I S  MADE I h  THESE  THRUST- 

THIS DELTA v IS NOT AS SPECIFIED OR IF TIG IS NOT AS ORIGINALLY S P E C I F I E D  CORSULT BACKUP PROCEDURES. 

( 2 )  I F  T H I S   R O U T I N E   I S   S E L E C T E D  DURINS STATE  VECTO8  UPOATING BY THE  RENDEZVOUS  NAVIGATION PROGRAM (P201) 
THE VECTOR UPDATING  PROCESS bILL SE  TEMPORARILY  TERHJNATED  UNTIL  THE  LM  DELTA V HAS  BEEN  INCORPORATED  IhTO  THE LM 
STATE VECTOR BY THE CMC. 

( 3 )  I F  THE  RENDEZVOUS  NAVIGATION PROG4AM ( P 2 0 )  IS I N  PROCESS T H I S   R O U T I N E  MUST BE  SELECTED  PRIOR TO T H E   A P P L I C A T I O N  
OF DELTA Ti3 THE LI~.  T H I S  CAN B E  ASSORED BY VOICE  COYNUNSCATION  BETWEEN  THE  LM  AND CSM. 

( 4 )  THE  ROUTINE IS SELECTED BY THE  ASTRONAUT  BY DSKY ENTRY 

PROG 
CGhT 

CMC GR3UND CREN 

"""""""""" 

START  TARGET 
DELTA  V 
R O U T I N E   ( R 3 2 )  
"""""""""" . . . 
"""""""""" 

RESET  UPUATE  FLAS 
( S E E   P 2 0 )  
"""""""""" . . . . . . . . 

mCREnl 
mROLITINE 
*SELECTION ... . 

"""""""""" . KEY I N  V--E .*.....*..*......... ------"-------"--- . . . . . . . . . . . . . . . . . . . . 

C H E C K L I S T  T IME  TOTAL 
T I M E  

d l 0  

rr20 

#30 



8 . . . . . ........... . . . 
AND DISPLAY THREE 
STORED COMPONENTS OF 
DELTA V ( L V )  

V06N-- 
R1-DELTA V X ( L V )  
RZ-DELTA V Y  (LV) 
d3-DELTA VZ ( L V )  

DELTA V X ( L V ) -  
COHPONENT  OF DELTA V 
APPLIED AT T IGN 
ALONG (RXVIXRm I N  
FPS TO ItEAREST e 1  
FPS. 

DELTA V Y  (LV) - 
COMPONENT OF DELTA V 
APPLIED AT T IGN 
ALONG  VXR. I N  FPS TO 
NEAREST e 1  FPS. 

DELTA VZ (LV) - 
COMPONENT  OF DELTA V 
APPLIED AT T IGN 
ALONG * R m  I N  FPS TO 
NEAREST a 1  FPS. 

"""""""""" . . . 
"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . ......... . . . 
"""""""""" 

YOlv ITOR USKY . 
OaSERVE  VERB-YOJN 
FLASH TO REOJEST . 
RESPONSE AND DISPLAY 
OF THREE STORED . 
V APPLIED AL3NG . COMPONENTS O f  DELTA 

LOCAL  \IERTICAL AXES 
AT T I G m  . 
"""""""""" . . . . . . 
"""""""""" 

.................... . .  . . . . . . . . . 

~~ ~~ 

WAIT U N T I L  THE LM 
CREW hAS  TRANSkITTED 
THE VALUES OF THE 
DELTA V TO BE APP- 
L I E D  AND THE TIME OF 
I G N I T I O N  AND THE . 
THRUSTING MANEUVER 
HAS  BEEN  SUCCESSFUL- 
LY COMPLETED. 
"""""""""" . . . . . . . . . . . . . . . . 
"""""""""" 

ARE THE VALUES . 
DISPLAYED THE . 
CORRECT OtuES . 
EXECUTEI) BY TrlE Lk? 

.Y *N . """""""""" . . .  . . .  
* .  . .  . .  . .  
e .  . . .  

1 . .  
0 .  . 0 .  . . .  . . .  . . .  . 0 .  . . .  

""""""" 

KEY I iu  
PROCEED 
V33E 
""""""". 

Y40 

iy70 



. . . . 
332- . . . . . . . . 

TERMINATE FLASh UPON . . w 

OR NE& DATA 0 .  . R E C E I P T  OF PROC€ED ........................ 
"""""""""" . . . e PROCEED igEN e 

.DATA . . . 5TORE DATA . . . . """"""_ . . . . . . . . 
e . . . . . . . . ................ . . . . . ........... . 

""""""_ 

. . . . . . 
"""""""""" 

FLASH v m a - l ~ o w  

T I G N  

T 3  REQUEST  HESPQXSE 
AND DISPLAY STORED 

V06N34 
Rl-TIG-HRS 
R Z - T I & - K I N S  
R3-TIG-SECS 

T I G - T I M E  OF I G N I T I O &  
(GET)  113 HKSVMINSI 
SEC TO PqEAilEST 001 
SEC. 
"""""""""" . . . 
"""""""""" 

W A I T  FOR KEYEOARD 
ENTttY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0 .  .................... 
o w  . . . . . . . . 

. .  
0 .  

0 .  * .  
"""""""" 

KEY IN "25 . 
AtLD LOAD Tr iE  . 
CORRECT 3ELTA 
V. . 
"""""""" - 

# l o o  

......... . . . . . . . 
a . 

"""""""""" 

MONITOR D5KY . 
FLASH TO REGJEST . OBSERVE VEi7B-NOUh a 

RESPOhSE AND D I S P L A Y  w 
OF STGRED T I S .  . 
"""""""""" . . . . . . . . . . . . . . . . . e . . 
"""""""""" 

IS THE VALUE 
DISPLAYED THE . 
CORRECT T I N E  AT e 

ED THE MANEUV€R . h H I C H  ThE Lk EXECUT- 

"""""""""" 

.Y . . 
KEY IIL PROCEEJ 

V33E """""""_ . . . . . . . . 

.N . . . . . . . . . . . . . . 

. . . . . . . . . . 
w . 
. 

#110 

~ 1 3 0  

#140 



TERMINATE  FLASH UPON 
RECEIPT OF PROCEED 
OR NEW DATA 
"""""""""" 

.P .NEN 

.R . .DATA 

.O """"-"" 

.C STORE DATA 

.E ----------"_ 

.E . 

.D . 

. . * .  . ........................ .. . . . . . . . . . . . . . . . . ................ 

. .  . .  . *  
0 .  . .  . .  

KEY I N  V25 
AND LOAD THE . 
CORRECT T I G  

"""""""" . 
"""""""" . . . . ......... 

. . . '  
"""""""""" 

UPDATE LM STATE 
VECTOR TO REFLECT 
THE DELTA V ADDED. 
"""""""""" 

W . 
e 

"""""""""" 

SET  UPDATE  FLAG (SEE 
P 2 0 )  

. . . . . . . . . . . . 
"""""""""". . . . . ... . 

E X I T  R32 

. . . ... . . 
E X I T  H 3 2  

#170 





APOLLO COYPUTER LOGIC  CHECKLIST   INTERFACE 

COARSE  ALIGl\r  ROUTINE (R50) REV 3 10/06/66 

PURPOSE: (11 TO COARSE A L I G N   T H E   I M J  TO A DESIRED I N E R T I A L   3 R I E N T A T I O N .  

ASSUMPTIOhS: ( 1 )  THE  DESIRED IMU INERTIAL   ORIENTATION  HA5   BEEN  SPECSFIED  BY  THE  CALL IcUG PROGRAM. 

( 2 )  THE  ROclTINE IS AUTOMATICALLY  SELECTED 6Y THE  INFLIGHT  ALIGNMENT PROGilAMS: I M U   R E A L I G N  PROGRAM (P52)  OR CSM/IMU 
R E A L I G N  PRObFtAlJl (P53). 

PRO6 
COlvT 

CMC 

.CMC 

.ROUTINE 

.SELECTION ... 
"""""""""" 

START COARSE A L i S i v  
R O U T I N E   ( R 5 0 )  
"""""""""" 

"""""""""" 

READ  PRESEhT  IMU 
O R I E N T A T I O N  W.R.T. 
THE  VEHICLE. 
(GINBAL  ANGLES) 
"""""""""" 

0 
"""""""""" 

SELECT  PKE5EIUT IMU 
I N E R T I A L   O R I E N T A T I O N  
FXOX STORAGE 
"""""""""" 

GR3UND CREN C H E C K L I S T  T IME  TOTAL 
T IME 

# l o  

Y 2 0  



0 

"""""""""" 

CALCULATE  THE 
INERT I A L  OR I ENTA- 
T I O j J  OF THE V E H I C L E  
"""""""""" 

"""""""""" 

SELECT  OESIREU I W  
I N E R T I A L   O R I E N T A T I O N  
FROM STORAGE (PRO- 
VIDED BY C A L L I N S  
PROGRAM) 
"""""""""" 

0 . 
"""""""""" 

CALCULATE RECJUIREO 
F INAL   G IMBAL  ANGLES 
TO G I V E   D E S I R E D   I M U  
I k E R T I A L   O R I E N T A T I O N  
"""""""""" 

"""""""""" 

ARE A L L   R E Q U I R E 2  
GIMBAL  AlvGLE  CHHNGES 
LESS THAN OR EQiJAL 
TO 5 DEGREES? 
"""""""""" 

1\1 c .Y .*. 
0 . E X I T  R50 

"""""""""" 

S W I T C H  IS5 TO COARSE 
A L I G N  M31IEo T t H A I N A T E  
ATTITUDE  HOLD OF 
V E H I C L t  
"""""""""" 

0 . 
"""""""""" 

COAKSE ALIGiv  THE  IMLi 
"""""""""" 

0 . 

#bo 

#70 

#90  

w S M 2 ' 2 7 8  



0 
0 

ZQ 
4 





AP3LLO COMPUTER LOGIC  CHECKLIST   INTERFACE 

F I N E   A L I G N M E N T   R 3 u T I N E  (R51) REV 8 10/20/66 

PURPOSE: (1) TO OBTAIN  THE  NECESSAAY  STAR  SIGHTING5 AND THEN TO F I N E   A L I G N  THE I M i l  TO A D E S I R E D   I N E R T I A L   O R I E N T A T I O N ,  

ASSUMPTIOhS: ( 1 )  THE  DESIRED IM2 I N E R T I A L   O R I E N T A T I O b   H A S   B E E N   S P E C I F I E D  BY THE  CALL ING PROGRAM. 

( 2 )  THE  ROUTINE IS NORMILLY  AUTOMATICALLY  SELECTED  BY  THE  ZNFLIGHT  ALIGNMENT PROGRAMS: THE  IMU  REALIGN PROGRAM 
( P 5 2 )  OR THE  CSMI IMU  REALIGN PROGRAM ( P 5 3 ) .  

PROG 
COkT 

CMC 

.CMC K 3 U T I N E  

.SELECTION . ... . 
"""""""""" 

S T A R T   F I N E  
ALIGNMErqT  ROUTI I~E 
(R51) 
"""""""""" . . 

. . .......a . 
"""""""""" 

SELECT  STAR #l  
FOR USE BY AUTO 
O P T I C S   P O S I -  
T I O N I N G   R O U T I N E  
( R 5 2 )  
"""""""""" . . . 
"""""""""" 

. 
t . 

SET TARGET  FLAG  TO 
STAR FOR USE i3Y 
S I G H T I N G  MARK ROUTINE . ( A 5 3 )  . . . . . . . 

. . . . . . . . . 

GSOUhD CREW C H E C K L I S T  T I M E   T O T A L  
T I M E  

Y 1 0  

120 

t30 

R 4 i )  



0 e 
e 
e 

0 . 
“””””””””” 

e SET NARK INDEX  TO 1 
e FOR USE BY THE 

S I G H T I N G  MARK 
e R O U T I N E  (R53)e 
”““”””““”” 

e e 
e 0 

e . 
a e 
e e 
0 0 

””“””””“”” 

e 00 A U T O   O P T I C S  
P O S I T I O h I N G  
R O U T I N E ( R 5 2 )  

e FOR  STAR Ikl 
””””””“””” 

e e 
e 0 

e e 
e 0 

0 e 
”“”””””””” 

e S E L t C T   S T A R  #2 
e FOR  AUTO O P T I C S  
e P O S I T I O N I N G  

R O U T l N E ( R 5 2 )  
”“”””””””” 

e e 
e e 
e e 
””””””””“” 

DO AUTO OPTiCS 
P O S I T  I Oil1 NG 
R O U T I N E ( R 5 3 )  
FOR  STAR h2 
”””””””“”” 

e e 
e a 

e e 
”“”””””””” 

DO STAR UATA  TEST . R O U T I N E  (I7541 
”“””””“””” 

e e 
e e 
0 e 
e e 
e e 
e e 
”””””””””” 

e DO 6 Y R O  TORQUING 
R O U T I N E   ( f i 5 5 )  
””””””““”“ 

e OPTIONAL.  e 

e e .  
a e .  

e .  
0 .  

e .  

e.eee.0 
0 e 
0 e 

”””””””_ 

e e DO A U T O   2 P T I C 5  e 

e e R O U T I N E ( R 5 2 )  0 

eaeee.o.eeeeeeee.aeeeeee* F O S I T I O ~ I J N G  e 

FOR  STAR if1 e 
”””””””_ 

e e 
0 e 
e e 
e e 
e e 
e e 
e 0 

e e 
e 0 

e e 
e e 
e e 
e e . e 

”””””””””” 

DO A U T O   O P T I C S  e 
0 e P O S I T I O N I I V G  e 

e.eee.eeeeoeeeeeeoee R O U T I h E ( R 5 2 )  FciR e 
e e STAR +2 0 

”””””””””” 

e 0 

e e 
e e 

”“”“”””””” 

Y 6 O  

Y70 

”””””-”””” 

e e 
e e 
e 0 

e e 
e e 
e e 

”””””””””_ 

0 

e 
e.0eeeeeeeeeeeeeee.e DO GYRO T O R P J I N L  

0 R C U T I h E   ( R 5 5 )  
“””””””””- 

.OPTIONAL 0 



e e .  

0 e .  
e .  

e . e  

e * e  
e e .  
e. . .e. .eeee e 

e 
"""""""""" 

RESET PREFERRED 
ORIENTATION  FLAG 
"""""""""" 
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e 
e 

e * *  
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APOLLO COMPUTER LOGIC  CHECKLIST  INTERFACE 

PURPOSE: (1) TO P O I k T   T H E  STAR L O 5  OF THE  OPTICS AT A STAR 02 LANDMARK  DEFINED  BY  THE PROGRAM OR BY  DSKY  INPUT  (ASTRONAUT).  

I ( 2 )  TO POINT  THE  STAR  LOS OF THE  OPTICS  AT  THE L M  D i j R I N G  RENDEZVOUS  TRACKING  OPERATIONS. 

ASSUMPTIOPE,: (1) THE  ROUTINE IS AUTOMATICALLY  SELECTEU  BY  THE FIhE ALIGNWENT  ROUTINE  (R51)   DURING  THE  I l vFL IGHT  AL IGhMENT PR,OGRAPIS: 
I M U   R E A L I S N  PR0G;IAM (P52) .   0R  CSM/IMU  REALIGN  PROSAAM (P53) AND ALSO  BY  THE  RENDEZVOUS  NAVIBATION PROGRAM (P20) OR BY 
T H E   O R B I T A L   N A V I S A T I O N  PR3GRAM ( P 2 2 ) .  

PROG CMC 
CONT 

mCMC ROUTIIvE 
oSELECT1Oh 

0 . .  

"""""""""" 

START AUTO O P T I C S  
P O S I T I O N I N G   R O U T I N E  
( R  52) 
"""""""""" 

0 . . 
"""""""""" 

RESET  TERMINATE  FLAG 
"""""""""" . 

0 
"""""""""" 

SET  TRUNhION  DRIVE 
FLAG. 
"""""""""" 

. . . 
0 L e  
0 -  

CREW C H E C K L I S T  T IME  TOTAL 
T I M E  

t 1 0  

t20 

r30 



Sf4 
. . H 5 2 / C S M 2 / 2 7 8  . . 

"""""""""" 

I S  THE  TAGGET  FLAG """""""""" 

Lb11 STAR OR LANUNARK IS THE  TARSET  THE L~VI 
"""""""""" A STAR OR A  LAND- 
.LM .STARrLMK  MARK? . . . .LMK .STA? L N o  
. . . """""""""" 

. . . . . . . . . . . . 
.** . . . ....... 

*40 

....... . ........ ... . . . .............. . ....... * .  . e . . 
0 .  . . . . 

""""""""" """"""""" 

PUSS FLASH  VERa-NOUh TO NONITOR DSLY: .......... REQUEST  RESPO.\SE .................... OESERVE F L A S r l I h S  
HOLD AND DISPLAY  ST3RED 

LANDHARK I D E h T I T Y ;  
V 0 6  N44 
R 1  - L A T  
R 2  - LONG 
R 3  - ALT 

L A T - L A T I T U D E  OF 
LANDi'lAHK. IN 
DEGREES TO i iEAR- 
EST - 0 1  DEGREES. 
+ IS PJOKTH 

LONG-LONGITUDE OF 
LANDMARK I N  
CEGRE€S  TO  NEAR- 
EST -01 DEGAEES. 
+ I S  EAST 

ALT-ALT   ITUCE GF 
LANDMARK ASOVE 

N A U T I C A L   M I L E S  
TO I ~ E A R E S T  .1 NR. 
PAD  HADI'JS. I N  

""""""""" . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . 
e . . . 
8 

8 . . . . . . . . . . . . . . 

VERB-IUOUN TO RE- 
QUEST  RESPONSE AFtG 
D I S P L A Y  OF ST3RED 
LANDMARK I D E N T I T Y  
""""""""" . . . 
""""""""" 

At4 I S A T I S F I E D  
WITH  THESE VALUES 

.Y h. 
""""""""" 

. . . . . 
""""""" 

DO I K I S ~  T 3  
P G f k T   T h E  OP- 
IC5 h A h U A L L Y ?  

.h 8 Y  

""""""" 

. . . . . . 
""" """_ 
PUT OP-PUT  DP- 
T I C S   T I C S  
S k I T C H   S h I T C d  
TO TO 
AUTO MAkUAL 
""" """_ . . . . . . . . . . . . 

e . . . . . 

. . . . 
e . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . 
0 . . . . 
e . . . . . . . . . 
e . 
e . . . . . . . . . . . . . . . 
e . . . . . . . 

. . 
a . 
e . . 
a . . . . . . . . . . . 
e . . . . . . 
e . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . 

. . . . . . 
e . . . 

#60 

a 7 0  



. . . . . . . . 
""""""""" 

i A I T  FOR  KEYBOARD 0. 

EIJTRY .................... 
.e  . . 

e e . . . . 
""""""" 

KEY I N  PROCEED 
V 33 E 

""""""". . . . . 
0 .  

. . . .  . . .  TERMIfLATE  FLASH . .  L'PON R E C E I P T  OF ........................ KEY I N  V25 AhD . . .  
PROCEED OH NEh DATA e.  . LOAD  DESIRED ... 

0 .  

""""""" 

. 

. . . . . 
e 

. . . . . . 
e . . 
e 

e . 
PUSS . e 

HOLD . . ......... . . . . . 

""""""""" PARAMETERS 
e wV33E .qJEw . . . .DATA . . . . e  ... ... ... 

0 . .  ... . . .  . . .  ... 
0 . .  

e . .  

""""""" 

. . . e . . . """"" . . STORE  DATA . . . """"" . . . . . . . . . . e . . . . . . . . . . . . . . . ........ ............ . . . . . . ................... . . . . . ........ . . ............... . e . e . . . . . . ........ . ............ 
0 .  . . . 0 .  . 
0 .  """""""""" 

0 .  

0 .  ...... 0 .  

0 .  

0 .  

0 .  0 .  

0 .  0 .  

e .  
0 .  

0 .  

""""""""" 

F L A S H  VEKB-P*OUh TO rn 

2E3LJEST ~ E S P O ~ J S E  OBSERVE FLASd1k.G 
Ah0 D I S P L A Y  STORED 0. VERB-kOUbi TO 2 E J L i t S T  e 

e -  MONITUR DSKY: ..................... 
STAR  CODE 0 .  RESPOfvSE  AND J I S P L A Y  

\IC6 &30 0 .  e OF STORED  STA3 CODE 
R l - S T A R  CODE 0 .  """""""""" 

22-3LANK 
R3-RLAhK 0 .  . . 0 .  

e .  

e .  

0 .  . . . 
STAR C03E - STA2 e 

e DESIGIbATION  FROY 
STAR CODE L I S T  0 .  

0 .  

""""""""" 0 .  . . . . . . . . . . . 
* y y s -  . 

. . 
"""""""""" 

0 .  

0 .  

AI., I S A T I S F I E D   W I T H  
T l i I S  STAR COJE? 0 .  . . 

e 
e . . . . . . . . . . 

"""""""""" . e  
.Y 

e 
""""""" 

DO I W I S H  TO 
PL;Ii\IT  ThE OP- 
T I CS  MANUALLY? 

. I\! .Y  
""""""" 

. . . 
e . 

#90 

h 100 

#llO 

#120 

#130 
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a 
R52/CSM2/270 

#200 

P220 

#230 

#240 

,250 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... .......... . . . . . . . . . . . . ........ ....... . . . m .  . . m .  . . . * .  . m .  . . 
"""""""""" """""""""" 

C H E C K   O P T I C S  MODE I 5  T H E   O P T I C S   I N   T H E  
D I S C R E T E .  I S  THE . MANUAL OR A U T 3  MOCE? 
0.55 I N  ThE CViC HODE? """""""""" 

"""""""""" .MAN AUTO 
.Y .iu . . . . . . . . . . . . . . 
""""""" """"""C 

C A L L   S I G H T I N G  m .  MOluITOR  DSKY: . NAGK  ROUTINE ..................... O 6 S E R V E   V 5 1  . 
1 R 5 3 )  . m. F L A S h  TO RE- 
""""""" QUEST  PLEASE . . . PERFORM MARK. . . . """"""- . . . . . . . . . . . . . . . . . . ........ """"""- . . DO I kISH TO . . H A V E   O P T I C S  . A U T O M A T I C A L L Y  . . P O I N T E D ?  . . . . . +I .Y . . . """"""_ 

. . . . . . . . . . . . . . """"- . . . PUT OP- . . T I C S   I N  . . . CMC MODE . . . """"_ . . . . . . . . . . . . . . . . . . . ...... . . . . . . . . . . 
""""""" . . . . DO S I G H T I N G  . MARK R O U T I N E  . . . ( H 5 3 )  . . . """"""_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 :  
. . . . . . . . . 

. . . 

#260 

#270 

# 2 9 0  

Y300 
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e . "  
. . e 

e . e 
""""" l 

IS THE OP- 
T I C S   E N A B L E .  
F L A ' U   S E T  e 
(SEE PZO)? e 
""""" l 

. Y  .N l . e .  
e e .  
e ------- e 
e H l A I T  - 

SEC. e """_ l . . . . . . 
e . e 

e**... 

e """""_ 
COlviPUTE 
T A R G E T   V E C -  
TOR FROM 
CSM  TO LM """""_ 

e . 
"""""""""" " ~ 

C A L C U L A T E  THE RE- 
W I R E D   O P T I C S   A N G L E S  
T O  POINT THE S T A R  
L O S  OF THE O P T I C S  
A L O N G   T H E   T A R G E T  
V E C T O K e  
"""""""""" 

e 
e . 

"""""""""" 

I S  A T R U N N I O N   A N G L E  
G R E A T E R   T H A N  90 DEG 
R E Q U I R E D   T O   P O I C J T  
T H E   S T A R   L O S  OF T H E  
OPTICS A T   T H E  
T A R G E T ?  

e . 

e . . 
e 

e . 
e 

e . 
e 

e . . . 
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e 
e . 
e . . . . . 
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e . . . 
e . . 
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e 
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e . . 
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e . . 
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e . . 
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e 
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e . . . 
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e 
e . . 
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e . 
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e 
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e 
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e . 
e . 
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e . 
e 
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e 

. . . 
e . 
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e 
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e . . 
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e . 
e . . . . . 
e . . . 
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e . . . . . . . 
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e . . 
e . . . 
e 
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e . 
e . . 
e 
e . . 

R 5 2 / C S M 2 / 2 7 8  

a360 

#370 

# 3 8 0  

#390 

#400 
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e 
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e 
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"""""""" 

FLASH VERB-NDUN 
TO  REQUEST  RESP- 
ONSE AND D I S P L A Y  
ALAHk CODE: 

V 0 5 N 3 1  
R1- 
R2- 
R3- 

"""""""" 

e 

e 
e 

e 

e 

e 
e 
e 

e 
e 

e 

e 
e 
e 

e 
e 
e 

e 
e 
e 
e 
e 
e 

e 

e 
e 

e 
e 
e 

e 

e 

e 
e 
e 
e 

e 

e 

e 

e 
0 

e 

e 
e 
e 

e 

e 
e 

e 
e 

e 

e 

e 
e 
e 

e 
e 

"""""""""" 

MONITOR  DSKY: 
DOES ALARM CODE 

D I S P L A Y   I N D I C A T E  
THAT  THE  TARGET I S  
NOT k I T H I N  THE 
HEMISPHERE OF 
O P T I C S   V I S I B I L I T Y ?  
"""""""""" 

e Y  

~ ~~~~ ~ ~~- 

Ne 
e e 
e e 

""""""""" 

FOR STAR/LANa.qARK e 

SIGHTINGS  THERE e 
ARE  THREE  OPTIOhiSe 

THERE  ARE T # 0  e 

( O h I T  6): e 

FOR Lk SIGHTI.VGS e 

e 
( A )  MANUALLY %A- e 
NEUVER V E H I C L E  e 
U N T I L   O P T I C 5   C A k  e 
ACQUIRE  THE  DES- e 

I R E D  TARGET. e 

e 
(B) RESELECTIDN e 

OF THE TARGET. e 

e 
(C )   TERMINATION e 
OF AUTO O P T I C S  
P O S I T I O N I N Z  AND e 
SU6SEQUENT wANU- e 
A L   O P T I C S   P 3 I N T -  e 

I N G e  e 

*A 3 e  Ce e 

""""""""" 

e e e m  
e """"""_ e e m  

MANUALLY e e m  
e * e  

MANEUVER VEd- e e e 
I C L E   U N T I L   I T  e e e 
I S  ESTIMATED e e e 
THAT  OPTICS e e e 

CAN  ACQUIRE e e e 
THE TARGET. e e e 
MONITOR  FDA1 e e e 

GIMBAL LOCK. e e e 

e e m  TO AVOID """"""_ e e .  

e e e m  
e e m e  

e e e m  

e e e m  

e e e e  
e e e *  
e e e m  

e e e e  
e e e m  

e e e e  

f410  

Y 4 2 0  

# 4 3 0  

#440 

f 4 5 0  



. 
3p- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

e . . 
e . . . . . . . . . 

. 

. . . . . 0 .  . . . . . 0 .  . . . e . 0 .  

e . e . . 0 .  . 0 .  """""""" 

W A I T  FOR CEY- 
""""""_ . 

EOARD  ENTRY. 
K E Y  IN . 0 .  .................... PROCEED . . e  . . V 3 3 E  . 0 .  . . 0 .  . . . . 0 .  . . 0 .  . . . . 0 .  . ........ . 0 .  . . . e .  . . . 0 .  . . 0 .  ..................... . .  

""""""_ 

""""""" 

K E Y  IN R E C Y C L E  . . V 3 2 E  e .  . . e .  . . 0 .  . . . 0 .  . . . 0 .  
""""""" . 

""""""" 

T E R H I k A T E   F L A S H  
U P O N   R E C E I P T  OF ...................... K E Y  IN TERMIN-  . 
PROCEED9  RECYCLE . . . 
OR TERMINATE.  . e . V 3 4 E  . 

e 

ATE. 

"""""""" . 
.T OR e P  . . . 
.E .E OR . . 
.R .C .O . .M .Y .c . . GO TO SIG-ITING 
.I .c .E . . MARK ROUTINE 
O N  .L .E . , ( R 5 3 )  . 
.A *E. .L) . . 
.T . 
.E e 

""""""" 

0 .  

0 .  

""""""" . 
, """"""" ...... . . 0 .  . . . 0 .  . e . . . 0 .  . . . . . .... . . . . . 0 .  . . . e . E X I T  . ... . e ... R 52 

2ETURN TO . RETURiv  TO . 
START OF . START OF . 
THIS ROiJTINE T H I S  ROUTINE . 

. . . . . e 

. . . . . . . e . . . . . . . """"""" 

GO T O  SIGHTING . . . 
MARK ROUT I N t  . . . 
(R53) . . e 
""""""" . . . . . . . . . . . . . . . 

..e . . . . e . . 
E X I T  R 5 2  . . . . . . 

e . . . . . . . . . . . . . 

f 4 7 0  

Y 4 9 0  

#500 

#510 

LCSk2 /278  



0 

0 

0 

0 . 0 . . . . 
0 0 0 . 0 0 

0 0 0 

0 """""""""" 

I S  THE  TRLiNkIOk 0 0 

ANGLE REOUIRED TO 0 0 

POIiqT  ThE  STAR LaS 0 . 
OF THE  OPTICS AT  THE . . 
TARGET  GREATER  THAN . 0 

40 OEGREFS? 0 . 
"""""""""" 0 

.N O Y  0 0 . . 0 0 

0 0 0 

0 0 0 """"""_ 
SET  TRUIJI~IO?!: 0 0 0 

C R I V €   F L A G  . . . """"""_ 0 0 0 

0 0 0 . 
0 0 0 . 
0 . 0 0 
""""""""" 

0 

0 RESET TRUhl\!Ii)ir 0 0 

0 D R I V E  FLAG. 0 . 
""""""""" . 

0 0 0 . 0 . . 0 0 0 ...*. . 0 . 0 0 .  . 
0 0 0 .  . 
""""""""" 0 0  0 

FLASH VEHB-NOU8 o o o ~ o o o ~ ~ o ~ ~ o o o o ~ o ~ ~  
0 T 3  REGUEST RESPON- 0 . 
0 SE AiijD D I S P L A Y  DE- 0 0 . 
0 SIREL)   OPTICS 0 

0 ANGLES: 
V061457 0 

0 R1-SHAF  T 

0 0  

0 0  0 

0 .  

0 0  0 

0 0  

0 0  

0 0 0 0  

0 0  0 

. R2-TRUiQh 1014 
R3-BLAhK 

0 .  

0 

SHAFT-DESIRED 
0 SHAFT ANGLE. I N  0 . 
0 DEGREES TO NEAREST 0 0 0 

0 001 DECREE. 0 0  0 . 0 .  0 

TRUNRION-3ESIHED 0 0 0 

0 TRUNNION ANGLE. 0 

a I N  DEGREES TO 
0 NEAREST 0001 0 

0 DEGREE. 

0 0  

0 .  0 

0 .  

0 
""""""""" 

0 .  

0 .  0 

0 0 0  . 
0 0 0 0  0 . 0 0 0  

0 0 .  0 

0 . 0 0  0 

0 0 0 .  0 

0 0 * .  . 
3 <I4 0 0 0  . 

0 . . . 
0 . . . . 
0 

0 . 
0 

0 . 
0 

0 . 
0 

0 

0 

0 

0 . 
0 

0 

0 

0 

0 

0 

0 
"""""""""" 

MONITOR DSKY: 
DOES  VERB-hlOUN 

F L A S H  TO REQUEST H E -  
SPONSE  AND D I S P L A Y  
OF DESIRED OPTICS 
ANGLES. 
"""""""""" 

O Y  N. 
0 0 

0 0 

0 0 

""""""""" 

FOR  STAR/LANDMARK 
SIGHTINGS  THERE 
ARE THREE  OPTIONS* 
FOR LM S I G H T I N G S  
THERE ARE T d 3  
( O M I T  8): 0 

0 

(A)  MANUALLY 41A- 
NEUVER V E H I C L E  0 

U N T I L   O P T I C S  CAR 0 

ACQUIRE  TdE DES- 
I R E D  TARGET. 0 

0 

( 3 )  R E S E L E C T I 3 h  
OF THE  TARCtTo 0 . 

0 . . 
0 

#530 

# 5 4 0  

Y550  

#560 

a570 



. . . . . . . . . . 
e . . . 
e . . . . 
e . . . . . . . 
a . . . . . . 
e . . . . . . . . . . . . . . . . . 
e . . . . . . . e: 

. 0 .  . . a .  . . 0 .  . . e  . . . e  e 

r " 

. 0 .  . ( C )   T E R M I N A T I O h  . 0 .  . OF AUTO  OPTICS . 0 .  . P O S I T I O N I N G  AND . 0 .  . SUBSEQUENT  NANU- . e .  . AL O P T I C S  . . e  . F O I N T l N G  . 0 .  . .A 00 .C 

. 0 .  """"""""" . 0 .  . . 0 .  . 0 .  . . 0 .  
"""""". 0 .  . 0 .  . 0 .  a MANUALLY  MA-- e 

e 0 .  NEUVER VEHI" e . 0 .  C L E   U i q T I L L  . 0 .  I T  IS E S T I M -  . . e  ATE0  THAT e . 0 .  O P T I C S  CAlv e . 0 .  ACQUIRE  THE . e .  TARGET. MONO e . 0 .  ITOR  DSKY . 0 .  0 D I S P L A Y  OF e . 0 .  O P T I C S  ANGL- . 0 .  ES FOR A S S I -  e . 0 .  STANCE. MONO . * .  0 I T O R  F O A I  TO . 0 .  e A V O I D   G I M B A L  . * .  LUCK. 0 .  . 0 .  """""" . 0 .  . . 0 .  . 0 .  . . 0 .  . 0 .  . 0 .  
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RETURN TO m . 8  . 
START OF . . . 
T H I S  0 .  . E X I T  e 
ROUTINE a .  R52 . . . .  0 . . 0 .  . . 

e . .  
* .  . 8 

0 .  

0 .  . . 
0 .  . . 

""""""" 

GO TO S I G H T I N G  
MARK i i O b T I N k  . 
(R53) 
""""""" . a . . . . . 0 . 0  . . . E X I T  
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0 .  * Y  .R 
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e 0 .  """""""""" 
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. e  .............. """""""". a 
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"""""""""" 

V06NS7 ...................... OBSERVE 3 I S F L A Y  
K1-SHAFT 0 .  e. OF D E 5 I K E L :   3 P T I C S  
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T R U ~ N I O I I - D E S I R E D  
TRUlrN1014 AIJGLE. I N  . 

"""""""""" 

e 0 .  
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"""""""""" 
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DISCRETE. I S  THE 
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#710 

# 7 2 0  

r730 



0 :  

"""_ "-"" 
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"""""""""" 

0 

"""""""""" 

HAS TERMINATE FLAG 
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SIGHTING MARk ROU- 
T I r i E  (R5317 
"""""""""" 

.Y * N  
a 

***.*.* 

e.. 
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A P ~ L L C I  COMPUTER LOGIC  CHECKLIST   INTERFACE 

S I G H T I N G  NARC ROdTI idE ( R  53) REV 8 1 0 / 2 4 / 6 6  

ASSUMPTIONS: (1) SIGHTIlvGS  ARE MADE WITH  EITHER  SCT OR SXT  AS  REUUIHED. 

( 2 )  S I G H T I N G S  M A Y  BE MADE ON A STAR 34 EARTH LAHDMARK. 

( 3 )  WHEN THE CMC ACCEPTS A CIARK I T  RECORDS  AND  STORES 5 AkGLES 13 ICDUS  AhD 2 OCOUS)  AND  THE T I M E  OF THE MARK. 

(4) MAXIRUM LINREJECTED-MARK  THRESHOLDS  ARE  ESTABLISdED U T I L I Z I N G  A  MARK COUNTER. T H I S  MARK COUNTER WILL INCREMENT 
EACH T I M E  A MARK IS MADE AND DECREMENT  EACH  TIME A .MARK REJECT I S  MADE. THE MARK COUNTER WILL BE COMPARED AGAINST A 
MARK INDEX.  THE  NAGNITUDE i)F T H I S   I N D E X  WILL BE SELECTED BY THE PROGRAM  (OR ROUTINES)   SELECTING  THE  S IGHTING MARK 
AS FOLLOWS: 

( A )  STAR - 1 

( 8 )  LANDYARK (KNOWN)  - 1 

(C) LAUDYARK  (UVKNOWN) - 2 

( 5 )  THE  ROTATIOR D R . M I N I M J H  IMPULSE  CONTROLLER  RAY 3E USED  AS  REQUIRED TO  REDUCE  THE s / C   D R I F T  RATE. 

( 6 )  THE  ROUTINE IS AUTOMATICALLY  SELECTED BY THE  AJTO  OPTICS  POSIT IONING  ROUTI i JE   (R52) .  I F  ASTRONAUT D E S I R E S  TO MARK 
BEFORE T H I S  ROUTINE HAS  8EEN  SELECTED  Hk MAY C A L L   T r i I S   R O U T I N E  AT  ANY T IME  DURING  THE  AUTO  OPTICS  POSIT IONING  ROUTINE 
( R 5 2 )  BY SELECTING  MANUAL  OPTICS MODE (SEE R52).  
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iYl0 
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"""""""""" 

a 

a a 

a """""""""" 

a a 
~~- 

e W 4 I T  FOR KEYBOARD 
"""""""""" 
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STAi? OR LANDMARK? 
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e STAR . LMK . . . ... . . . E X I T   R 5 3  . . . 
POSS . F L A S H  VERB-NOUN 
m..... TO REQUEST  LOAD 
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. 
HOLD 

OF  STAR CODE. 
V21  I130 
R1-BLANK 
RZ-BLANK 
H3-BLANK 
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"""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

TERMINATE  FLASH UPON 
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EX;T R53 
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APDCLO  COMPUTER LOGIC  CHECKLIST   IbTERFACE 

STAR  DATA  TEST  ROciTINE  (R54)  REV 5 10/31/66 

PURPOSE: (1) TO TEST  THE ACCURACY 3F A P A I R  OF STAR S I G H T I N S S  

ASSUMPTIONS: (1) THE  ROUTINE IS NORMALLY  AUTOMATICALLY  SELECTED BY THE INFL IGHT  AL IGNMENT- IMU  ORIENTATION  DETERMINATION PROGRAM 
( P 2 4 )  OR THE FINE A L I G N   R O U T I N E   ( R 5 1 ) .  

PROG 
CONT 

CMC 

. CMC 
*ROUT I NE 
.SELECTION *.. 

"""""""""" 

START  STAR  DATA  TEST 
ROUTINE  (R   54 )  
"""""""""" . . 
"""""""""" 

CALCULATE  ANGLE BE- 
TWEEN  Ti iO  STARS 
USIIJG  STORED  EPHEM- 
ERIS   DATA  (ACTUAL)  
"""""""""" 

. 
"""""""""" 

CALCULATE  ANGLE  BE- 
TWEEN Ti40  STARS 
USIi jG  STAR  VECTORS 
DERIVED FROM MARK 
ANGLES ( I N D I C A T E D )  
"""""""""" . . 
"""""""""" 

SET  TEST  TGLERAivCE 
TO -05 DEG 
"""""""""" . . 

. 

GROUND CREW C H E C K L I S T  T IME  TOTAL 
T I M E  

#lo 

00: 00 

#20 

#30 
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0 
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"""""""""" 

15 THE DIFFERENCE 
BETWEEN ACTUAL AND 
INDICATED ANGLES 
GREATER THAFv THE 
TEST TOLERANCE? 
"""""""""" 

Y. . !\i . . 
"""""""" 

. 
DISPLAY ON DSKY: 

V06 NO5 
R1-STAR AiIGLE 

D I F F  
RZ-BLANK 
R3-BLANK 

STAR ANGLE DIFF-  
DIFFERENCE BE- 
TWEEN ACTUAL 
AND INDICATED 
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STAR  VECTOR, 
#1 AND STAR 
VECTOR dZm I N  
DEGREES TO 
NEAREST a01 
DEGREES. 

"""""""""" 

MONITOR DSKY : 

AND DISPLAY OF STAR 
m * m m m m m m ~ ~ * m m ~ m ~ m m ~ m  OBSERVE VERB-NOdN 

ANGLE DIFF  

. 

"""""""" 

b . . . . . """""""" 
WAIT 10 SECONDS 
"""""""" 

. . . . . 
. . 

am. . 
EXIT  R 5 4  

"""""""""" 

ROSS FLASH VERB-NOUFj  TO 

U I I - t :  """""""""" 

V06  N05 
Rl-STAR ANGLE D I F F  
R2-BLANK 
R3-BLANK 

"""""""""" . . . 
367 
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FLASH . ..a . 

b E X I T  R 5 4  . . 
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370 
AP3LLO COMPUTER L O G I C  CHECKLIST   IhTERFACE 

GYRO TOF(Qi l I i \ IG  ROUTINk  (R55)  REV 4 10/06/66 

PURPOSE: ( 1 )  TO CALCULATE G Y R O  TORJJIIUG  ANGLES F O R  F I N A L   ( F I h E )   A L I G N M E N T  O F  T H E   I N E R T I A L   P L A T F O R M   D U R I N G   A N   I N F L I G H T  
ALIGNMENTI TO DISPLAY  THESE  ANGLES AND  TO  TORQUE  THE GYROS, 

A5SJMPTIONS: (1) THE  HOUTIiuE I s  NORMALLY  AUTOMATICALLY  SELECTEC aY THE F I N E   A L I G N   R O U T I N E   ( R 5 1 ) .  

PROG 
CONT 
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T I M E  
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e 
e . 
e . 
e 
e 

1 5 0  

660 

670 

#BO 

Y90 



. 
w . . . w w . w  

HOLD . 

. . . 
TEAMIIGATE FLASH 

PROCEED OR TERMIN-, 
UPON RECEIPT OF 

ATE . """"""""_ 
T. 
Ew 
Rw 
MW . . """"_ 

TERHINATE 
PROGRAM 
GO  TO PO0 """"_ . . ... . 
EXITwR55 
AND P-- 

P. 
Rw 
ow 
C. 
E. 
E. 
Dw 

W . . . . 
W . . . . . . . 

. 
W 

W 

W . . . . . . 
W . . . 
W . 
W 

W 

I 
"""""""""" 

PULSE I R I G S  Tl-iROUGH 
DESIRED ANGLES ""-"""""""_ . . . . . """"""-"""- 

. 

. FLASH VERB-NOUN TO 
REQUEST PLEASE 
PERFORM F I N t   A L I G N  CHECK : . w w w * . . . . . w  w.w...*.w 

V50 N25 
Rl-00014 
R2-BLANK 
R3-BLANK 

"""""""""" . . . . . 
W . . 
W . . . 
W . . 
W 

"""""""". . . . . . . . . . 
W . . . 

. . . . . . . . 
W . . 
W 

W W 

W . . 
W 

W . 
W . . . . . . . . . . 

e 

W . . . . . 
W 

W . 
e 
W 

W 

W . W 
"""""""""" 

MONITOR DSKY: 
OBSERVE VERB-NDJN 
FLASH TO REQUEST 
PLEASE PERFORM FINE 
ALIGN CHECK 
"""""""""" 

W . . . 
"""""""""" 0 

DO I kANT TO CHECK 
THE FINE  ALIShMENT? 

N W  Y. 
"""""""""" . . . 

W 

W . 
W . 
W 

. . 
W . 
W . . . . 

*loo 

1110 

1120 

#130 



a . . . . 
. . . 

"""""""""" _ " ~  ~ 

k A I T  FOR KEYBOARD 
ENTRY 

TERNINATE  FLASH UPON 
RECEIPT OF EKTER 
OR PROCEED 
"""""""""" 

.P  .E 

.O .T 

.C .E 

.E .R 

.E 0 

.D . 

.a . ii 

. . . . """""""_ . RETURN TO START . OF FINE  ALIGN . ROUTINE (R51)  """""""_ . . . . ... 0. .  . . 
EXIT  R55  EXIT  R55 

. . . . . . . . 
"""""""" . 
"""""""" . . 

0. .  . . . 
EXIT a55 . 

"""""""""" . .................... KEY I h  ENTER 
"""""""""" . . . . . . . . . . . 
"""""""""" 

RETURN TO START 
OF F I N E  ALI5N 
ROUTINE (R51) 
"""""""""" . . ... . 

E X I T  R55 

#150 

9170 

# 1 8 0  





AP3Lt.O CONPUTER LOGIC  CHECLL IST   IUTERFACE 

ATTITUOE  MANEilVER  ROclTINE  (R60)  REV 7 10/31/66 

PURPOSE: (1) TO MANEUVER  THE  LM/CSM* CSMI  OR CY ALONE TO AN  ATTITUDE  SPECIFIED  BY  THE PROGRAM I N  PROGRESS. 

ASSUMPTIONS: (1) THE F I N A L   A T T I T U D E   D E S I R E D  HAS BEEN STORED BY THE C A L L I N G  PROGRAMa T H t   A T T I T U D E  IS USUALLY  DEFINED  AS FOLLOWS: 

(1) A S P E C I F I C  BODY F I X E D  VECTOi? 

( 2 )  A D I R E C T I O N   I N  SPACE I N  WhICH  THIS  VECTO2 IS TO BE ALIGNED. 

T H I S   R O U T I N E  I S  ALSO  APPLICABLE TO A T T I T U D E S   D E F I N E D  8Y A COMPLETE  THREE A X I S  BODY ORIENTATION. 

( 2 )  THE  MANEJVER Y A Y  BE PERFORMED AUTOMATICALLY  BY  THE GIUCS  OR PERFORMED MANUALLY  WITH  AN  OPTIONAL  FINAL  AUTOMATIC 
GhCS  CONTROLLED  TRIM MANEJVER, T H I S   O P T I O N A L   T R I M  YAhEUVER SHOULD BE  CONSIDERED  ESSENTIAL FOR  MANEUVERS  TO SPS THRUST- 
ING ATTITUDES. 

PROG 
CONT 

37s" 

( 3 )  THE  DOCKED  Ct3NFIGURATION OF THE  VEHICLE(S)   HAS  BEEN MADE KNDWN TO THE CMC BY  THE  APPLICAELE  DISCRETE: 

(A) CH  ALONE 0. BY CMJSM SEP  DISCRETE 

( 8 )  CSM - BY N3 CM/SY SEP D I S C R E T E  OR LM DOCKE3  DiSCRETE  (aACKED UP BY  V--E) 

(C)   LM/CSM - BY LM DOCKED DISCRETE.  (BACKED  UP  BY  V--E) 

(4) THE  ATTITUDE YANEUVER RATE  DESIRED FOR  UAP  CO%T;IOLLED  MANEUVERS  HAS  BEEN  DEFINED  TO  THE CMC BY  DSKY  ENTRY. 

(5) THE  ROUTINE I S  AUTOMATICALLY  SELECTED EY THE  PROGRAk OR ROUTINE  REQUIRING  THE  ATT ITUDE MANEUVER. 

CMC 

mCMC 
.ROUTINE 
.SELECTION 

a 
m e a  

"""""""""" 

START  ATT I TUDE 
MANEUVER  ROUT I NE 
(R6O)  
"""""""""" 

a 
e . 
a 

a 
e - 

GROUND CREk CHECKLIST T IME  TOTAL 
T I M E  

# l o  

#20 

R b O / C S M 2 / 2 7 8  



"""""""""" 

3BTAIN  DESIRED 
ATTITUDE FROM TrlE 
CALLING PROGRAiil 
"""""""""" 

e 

RESET MANUAL FLAG 
"""""""""" 

"""""""""" 

e 

e 
"""""""""" 

IS THE TQACK FLAG 
(SEE  PZO)? 

"""""""""" 

I 5  THIS MANEJVER 
UNDER THE CONTR3L OF """""""""" 

.Y mN THE PREFERRED TRACK- . e ING ATTITUDE  ROJTINE 
. . .eee .  . FOR RENDEZVaJS  NAVI- 

e GAT I Obi? . """""""""" 

m Y  mN 

0 

e . e 
e...... . 

. 
e 

0 ....... e 
m .  e 
"""""""""" 

..e.. 

m .  

e FLASH VERE-NOUN TO 
"""""""""" 

m ~ m ~ m e m m m . m ~ e e . m m e m m  OBSERVE  VERB-NOJN 

AND  AUTO  MODE 
SELECTION: 

PLEASE PERFORW CNCS 

V50  N25 
A/P AAD  AUTO MODE 

Rl-000"  SELECTION: 

KZ-BLANK 
"""""""""" 

R3-BLAhK 
"""""""""" 

"""""""""" 

mo.mme. REQUEST PLEASE em MONITOR DSKY: 

HOLD. PERFORM  GNCS A/P m m  FLASH TO REQJEST 

e .  
m .  SHALL I PROCEED k I T H  
0 .  THE  MANEUVER A T  THIS 
0 .  e TIME? 

m .  e .Y 
m .  """""""""" 

*N 

. 
e 

e 

* .  
m .  

m .  
m .  
m .  

m .  
m .  
m e  
m .  
m .  
m .  
m .  
* .  
m .  

..e.. 

t30 

jY40 

iy50 

#60 

Y70 



e 

e 
e 
e 
e 

e 
e 
e . 
e . 
e . 
e 
e 
e . 
e 
e 
e 
e 
e 
e 
e 
e 

"""""""""" 

WAIT FOR 
ENTRY 

KEYBOARD 

TERMINATE  FLASH UPOh 
RECEIPT OF EFITE2 
OR PROCEEG 
"""""""""" 

e E  eP 
m e  e M  
e .  el 
e .  e E  
* e  e R  

e R  
.O 
eC 
e E  

e .  . e E  -------------- .D 
e e IS GNCS AUTO e 
e e NODE SELECTED? e 

* e  e& eY e 

""""""" e 

e .  e e e 
e .  e e e 
e em.. * m e  e e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e e . """" 
SET MAN- 

@ uaL FLAG 
"""" 

a e 
e . 
e e 
a e 
e e . e 
e e 

* e  
e .  
e .  

e .  
"""""""""" 

W A L L  I PROVIDE THE 
e GNCS kITH THE . CAPABILITY  T3 
e PERFORM  THE VANEUVER 
e AUTOMATICALLY? 

e e Y  e N  

"""""""""" 

e e e 
e e e """"_ """"_ 
e SELECT  SELECT 
e GNCS CON- A/P 4ND 
e TROL  AND  GNCS 
e PLACE MODE C o b  
e MODE T23L AS 
e SNITCH I N  DESIRED. 

AUTO """"_ """"_ e 
e e e 
e e e 
e . e . e """""_ . . e KEY I N  PRO- 

e 0 V33E 
e m * . e . m e e e e e e e m e e e e e e e e e e m e m e  CEED . """"" 

e e 
e . e 
e e e 
"""""" e 

e e * e e e . e e e m e e m e * * e e e  KEY IN ENTES e 
e """""" 

e e e . e e 
e e e 
e e 
e e e . e 
e e 0 

e e . 
e e e 
e e e 
e e e 
e e . 
e e e 
e e 
e e e 
e e e 
e e . 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 
e e e 

e 
R60/CSM2/278 

Y80 

#110 

0120 



e . e . 
e . 

.....e... . 
.....e. . .. . 

e.  . .. 
"""""""""" 

READ PRESENT VEHICLE 
ATTITUDE  FROM ICOUS 
"""""""""" 

. . 
"""""""""" 

3 AXIS FLAG SET'? . .N .Y 
"""""""""" 

. 
e . . . . * C I . .  . 
"""""""""" 

CALCULATE FINAL 
VEHICLE ATTITUDE TO 

e MEET THE DESIRED 
ATTITUDE SPECIFICA- 

rn TIOho THIS FINAL VE- 
9 HICLE ATTITUDE i4ILL 
BE  CALCULATED  TO 
MEET THE ATTITUDE e 

0 SPECIFICATION I N  . 
SUCH A btAY AS TO . 
CONSERVE RCS FUEL 
AND  NOT CONSTRAIN 
AiqY UNSPECIFIED DE-- 
GREE OF FREEDOM. 
N0TE:GNCS CAPABILI- 
TY TO PERFORM 
MANEUVER  AUTOMATICA- 
ALLY  WILL BE COMPRO- e 
MISED IF THE VEHICLE 
ATTITUDE IS CHANGED 
BY MANUAL  IkPUTS e 

AFTER  TdIS TIME 
"""""""""" 

. . . 
......e.... . . . . . . . 

0 . 

. 

. 
e 

e 

. 

. . . 

. 
0 

. 

. 

. 

e . 
. 

. . . 
e 

. 

. . 
e 

. . . 

. 

. 

. . . . 

. 
0 

e 

. 
e 
e . 

. 

. 
e 

e 

. 
e 

. 

. 
e 

e 

. 

#130 

Y140 

#150 

#160 

Y170 
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0 :  . . . e 

e . . . . 
e *""""""" . .SELECT GIt4BAL . .ANGLES  CORRES- 
e OPONDING TO . .PREFERRE9 . .VEHICLE A T T I -  . .TUDE  AND PRES- 
e .ENT IMU  ORIEN- . .TATION . 
e . e 

e . . . . e 
"""""""""" 

*""""""" 

I S  TRACK FLAG SET 
(SEE PZO)? . e Y  .I\i """""""""" 

e .  . 
"""""""" 

DISPLAY  FINAL 
GIMBAL ANGLES 

* e  V06 N17 
m .  RL-OG ROLL 
e .  R2-IG  PITCH 
0 .  R3-MG Y A d  . ALL ANGLES I N  
m e  

e e DEGREES TO NEAR- 
e . EST 001 DEGKEE 

"""""""" 

* e  . 
e .  . 
0 .  . 

"""""""" 

I S  THE MANUAL 
e FLAG  SET? . . .N .Y 
"""""""" 

0 .  . . 
m .  . . 
0 .  . e 

m .  e . 
0 .  e """"""""_ 

DO MANEUVER CALI e 
CULATION (KALCMA 
NU) AND ICDU . 
DRIVE TO ACHIEVE e 

FINAL  GIM6AL . 
e ANGLES WITHOUT 

PASSING THROUGH 
GIMBAL LOCK. I N  

e PROGRAM 6 1  THE 
e MANEUVER RATE e . e . e . 
e 

. . 

. . . . e 

e . . 
e . . e . . . . . e . . . 

e . e . e . . . . e 
e . . . . . . . . 
e . e . . e 
e e . . . . 

e . . . e 
e . . ....e. . . 0 .  . 
"""""""""" 

MONITOR DSKY: 
0. OBSERVE DISPLAY OF 

...eo.ee.e...ee..e.e FINAL  GIMBAL ANGLES 
. e  CORRESPONDING TI) AN 

AUTOMATIC MANEUVER 
TO THE FINAL  ATTI-  e 

TUDE STARTING. FROM 
THE PRESENT ATTITUDE 
"""""""""" . . . . . . 

e . . 
"""""""""" 

D I D  I DIRECT THE CMC 
TO  PERFORM  THE  MANE- 

""-""""""" UVER AUTOMATICALLY? . .Y ON . e .  
e . 0 .  

e e e .  
. . .*.e*. . m .  

0 .  0 .  

e .  e .  """"""""- 
MONITOR ATTITLJDE e e 
MANEUVER  BY e .  

REFERENCE TO FDA1 e 
BALL AND  ERROR; 
NEEDLES e .  """"""""- . e *  . 0 .  . 0 .  """"""""_ 

e .  
m e  

* e  
0 .  

#190 

# Z O O  

# 2 l O  

f 2 2 0  

Y230 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . 
kILL  BE 4 DEG/ 
SEC. I N  ALL OTHER 
CASES THE  MANEU- 
VER RATE WILL BE 
THAT LAST  DEFINED 
TO THE CMC aY . 
DSKY ENTHY. T H I S  
PROCESS WILL I N -  
CLUDE A MONITOR 
OF THE RHC INPUTS 
TO THE CMC. ANY 
INPUT FROM THE 
RHC WILL BE IIU- 
TERPRETED AS A 
MANUAL OVERRIDE 
AND WILL CAUSE 
IMMEDIATE  TERMI- 
NATION OF THIS  
YANEUVER CALCULA- 
TION AN3  ICDU . 
DRIVE ROUTIPIE. . 
""""""""_. . . . . . . """"""""_ 
I S  THE TRACK FLAG 
SET (SEE P2017  

.Y .N . """"""""_ 

. . . . . . . """_ 
DID AN . 
RHC IN- . 
PUT OC- . 
CUR? . . 

.Y .Y . . """_ . . . .  . . . .  . . . . . .  . . . .  . 
E X I T  . 
R60 . . .  . . .  . . .  . . .  . . .  . . .  . . .  . .  . . .  . . .  . . .  . . .  . . .  . .  . 

0 * .  . .  . 

. .  . .  . .  . .  . .  
SHALL I GVERR.IDE 
THE PGNCS AND 
COMPLETE THE 

. .  . .  
MANEUVER MANdALLY?. . IY .Y . . """"""""_ 
. . . .  . 
"""""" 

IS T H I S  MAN- 
EUVER UN- 
DER ThE CON- 
TROL OF THE 
PHEFEHRED 
TRACKING  AT- 
TITUDE ROU- 
T INE FOR 
RENDEZVOUS 
NAVIGATION? . N .Y 
"""""" 

. 

. . .  . . .  . . .  . . *  . . .  . . .  . . .  . . .  
t . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . . .  . . . .  . . . .  . . . . .  . . . . .  . . . . .  . . e m .  . . . . . . . . . . . . 

0 . . 

... . . .  . . . .  
E X I T  260. 

L . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  
""""""""" 

PREFORM ATTITLJDE 
MANEUVER MANUALLY 
USING RHC  AND t3Y 

0 REFERENCE TD THE 
OUT-THE-WINDON- . 
V I E k  AND/OR THE 
FDA1  BALL. T H I S  
OPERATION YAY 
INCLUDE  ESTAGLISH- . . . . . . . . . . . 

#240 

# 2 5 0  

1260 

f 2 7 0  

#280 



"""""""""" 

FLASH VERB-qOUN T O  
REQUEST PLEASE 
PERFORM ATTITUDE 
TRIM MANEUVER 
ENABLE: 

V50 N25 
R 1-00007 
KZ-BLANK 
R3-BLANK 

"""""""""" 

e 0 

0 a 
a WENT OF A PREFERR- 
a ED ORIENTATION a 

ABOUT THE DlRECTED 
a BODY-FIXED VECTOR 
""""""""" 

a a a 
a a a 
a a a 
"""""""""" 

a MONITOR DSKY: a 
o a ~ o a o a a a a a a a b a a a a o a  OBSERVE VERB4DUfi 

a FLASH AND DISPLAY TO 
REQUEST PLEASE a 
PERFORM ATTfTilDE a 

TRIM MANEUVER ENABLE 
"""""""""" 

* a 
a a 
a a 
a a 

"""""""""" . 
DO I d I S H  TO FURTHER a 

ADJUST  THE VEHICLE a 
ATTITUDE  NANJALLY? a 

O Y  aN a 

"""""""""" 

a a a 
a a a 

a 
SELECT A(P AND a 

GKCS MODE a a 
CONTROL  AS a a 

DESIRED a a 

""""""" 

""""""" a 

a a a 

a a a 
a a a 

a 
PERFORM A T T I -  a 

TUDE  MANEUVER a a 
MANUALLY US115 a 0 

RHC AND BY a a 

REFEREPJCE  TO a a 
THE OUT - THE a a - WINDOd VIEW a a 
AFJD/OR  THE e a 

FGAI BALL. a a 
THIS OPERATION a 

ESTABLISHMENT e a 
OF A PREFERRED a a 
ORIENTATION a a 

ABOUT THE DIR-  a a 
ECTED SODY- a a 
FIXED VECTOR. a 

a 
a a a 
a a a 
a a a 

""""""" 

MAY INCLUDE a a 

""""""" 

R60/CSW2/278 

Y290 

#300 

#310 

f 3 2 0  

#330 
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. . . . . 
a a . . . 
a . . . . . . . . . . 
a 
a . . . 

. . 
a . . 
a . . . . . . . . . . 

a . . . . . . 
a . a 
a a . a 
"""""""""" 

NAIT FOR KEYBOARD 
a ENTRY . . 

a . . . . * . a . . . . . 
a 

"""""""""" 

SHALL I PROVIDE THE 
GNCS lhtITH THE CAPA- 
B I L I T Y  TO T R I M  THE 
ATTITUDE AUTOMATI- 
CALLY? 
"""""""""" 

a . . . . . . . 
.N .Y . . . . 
a 

""""" 

SELECT  A/P 
AND GNCS 
MODE CON- 
TROL AS 
DESIRED. 
""""" 

a 

. a """"_ 
SELECT a 
GNCS - 
CWTROL 
AND PLACE a 
MDiJE . 
SNITCH I N  a 
ALJTO. a 
""3"" 

. a . . 
a . . 
a . . . 

TERMINATE FLASH UPOi4 
RECEIPT OF PROCEED 
OR ENTER. 

a .E .P . .N .R . .T .o . aE .C . a R  a E  
a . .E 
...a...*. a 3  

"""""""""" 

. . . . . . . . . . . 
a 

f 3 5 0  

Y360 

#370 

#380 

#390 
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W 
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APOLLO COMPUTER LOGIC*   CHECKLIST   INTERFACE 

PREFERRED  TRACKING  ATTITUDE  ROUTINE (R61) REV 6 10/10/66 

PURPOSE: (1) TO COMPUTE THE  PREFERRED  TRACKIN5,ATTITUDE OF THE CSM TO  ENABLE  OPTICS  TRACKING OF THE LM. 

( 2 )  TO PERFORM THE MANEUVER TO THE  PREFERRED  TRACKING  ATTITUDE. 

ASSUMPTIONS: (1) THE  PREFERRED  TRACKING.ATTITUDE I S  DEFINED AS  FOLLOWS: 

( A )   T H E   T R A C K , A X I S  (I) I S  A L I G N E D  ALOIvG THE  LOS TO THE LM. THE  TRACK A X I S   ( 1 1   I S   D E F I N E D  AS: 

U N I T   ( I I = U N I T ( Z  1 COS 15 DEG + U N I T t X  1 S I N  15 GEG 
-. -sc -5C 

(a )  THE CSM ORIENTATION  ABOUT  TdE TRACK A X I S  ( 1 )  I S  UNCONSTRAINED AND I S  D E F I N E D  AS NECESSARY TO A V O I D  
G I Y B A L  L3CK. 

( 2 )  THE ROUTINE IS AUTOMATICALLY CALLED a y  THE RENDEZVOUS ~AVIGATION PROGRAM ( ~ 2 0 1  

PROG 
CQkT 

CMC 

CMC 
PROGRAM 

mSELECTIOt4 . 
0 . .  . 

"""""""""" 

START  PREFERRED 
TRACKING  ATTITUDE 
ROUT I NE ( R 6  1 ) 
"""""""""" . . . . ....... . . . 

e . 
"""""""""" 

I S  TRACK FLAG SET'? 
(SEE P20) . 
.Y .N . """""""""" 

. . . . . . . e e . . . . . e . . . 

GR3UhD CREN CHECKLIST T I M E   T O T A L  
T I M E  

# l o  

# 2 0  

)30 

. e . . * . . . . 63$;% 
R61/CSM2/278 



. . . . . . . . . . . . . 
"""""""" 

IS R E N D t Z V O J S  
FLAG  SET? . 
(SEE P20) . . .i\i . Y  . """""""" . 

. . . . . . . . . . """" . UJAIT-SEC e . . """" . . . . . . ....... . . 
E X I T  R61 
AND P20 . . . 

"""""""""" 

EXTRAPOLATE L?4 A X 0  
CSM STATE  VECTORS TO 
PRESENT TIME 
USING CONIC 
EOUAT IONS 
"""""""""" . . . 
"""""""""" 

CALCULATE  LO5 
FROV CSM TO LM 
"""""""""" . . . 
"""""""""" 

DEFINE THE DESIRED 
VEHICLE  ATT ITUDE TO 
EE THE  TRACK A X 1  5 
( I )  A L W G   T h E  LO5 TO 
THE LM FOR USE t3Y 
THE A T T I T U D E  
MANEUVER ROUTINE 
(R6O) 
"""""""""" . . . . ......... . . . . """""""""" 

IS GNCS AUTO i b t O i j E  . 
SELECTED? . 

.Y . rq . """""""""" . . . . . . . . 

540 

5 5 0  

#60 

Y70 

#80 

. . . . 



0 e 
0 0 

0 

0 0 

e 0 

0 e 
e e 

"""""""" 

FLASH VERD-NCIUN 0 

"""""""""" 

MONITOR  DSKY: 
TO RkOUEST e DOC5 VERB-N3UN 

GNCS  AUTO MODE e PLEASE PERFORY 6NC5 
SELECTION: e AUTO MODE SELECTION? 

PLEASE PERFO2H ~ o o e ~ o e ~ o ~ e o o o o e o ~ e o  FLASH TO KEDJEST 

b50N25 e """""""""" 

R CSM2/278 

Rl-000-- 
R2-BLANK 
ii3-BLAhK 

"""""""" 

e 

0 

0 

e 

e 
0 

0 

e 

0 

e 
e 
e 

"""""""" 

WAIT FOR KEY- 
BOARD ENTRY 

O Y  

0 

0 

e 
0 

0 

0 

""""""" 

HAS GNCS AUTJ 
MODE GEEN 
SELECTED? 
""""""" 

e Y  04  
e 
e e 
"""" 

KEY I N  e 
PROCEED 0 

V33E e 
"""" 

e e 
e e 
0 e 

"""""""""" 

DO ATTITUDE MANEUVER 
RDUT1F;E (R6O) 
"""""""""" 

e 
e 
e 

0 

0 

""""" 

SELECT e 
GNCS CO'J- 0 

TROL AND e 
PLACE MODE e 
SWITCH I N  e 
AUTO. e 
""""" 

e 0 

0 e 
""""" 

KEY I N  e 
ENTER e 
""""" 

0 0 

e e 
0 

0 e 
0 0 

e 
"""""""""" 

DO ATTUTUDE MANEUVER 
ROUTINE  (R6O) 
"""""""""" 

0 

0 . 

#90 

# 100 

#llO 

#l20 

Y 1 4 0  
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I 3pY 
APOLLO  COYPUTER LOGIC  CHECKLIST  IQTEHFACE 

SPS ENGINE  TYRUST F A I L   R O U T I N E   ( R 7 0 )  REV 4- 10/11/66 

PRLIPOSE: (1) TO CO-ORDINATE  THE C K  AfiD  THE  CREk I N  THE  RESTAAT OF THE SPS ENGINE 11% THE  EVENT  OF  AN  ENGINE SHUTDOWN BY  til^ 
FCSM OR SOME OTHER CAUSE. 

ASSJMPTIOhS: (1) THE CREd HAS  DETERMINED  THE SPS ENGINE  HAS NOT STARTED OR HAS  BEEN  PREMATURELY SHUTDOWN. 

( 2 )  FOR EACH SPS aURN AN SPS IGNIT IOU  TOTAL  ALLOWAaLE  T INE  DELAY WILL BE S P E C I F I E D   I N  T H E   M I S S I O N  RULES. T H I S   D E L A Y  
T I N E  IS THE  TOTAL TIME  WHICH  THE  THRJSTING NANELiVER M A Y  BE  DELAYED BEYOND THE CFiC CALCULATED  T IME  OF  IGNIT ION,  I F  
E N G I h E  RESTARTS ARE INVOLVED,  THE  ACCOUNTING OF THIS  TOTAL  T IME  DELAY IS UP TO THE CREW, 

( 3 )  THE Civic PORTION OF TAE  ROUTINE  d3ULD  AUTOMATICALLY  BE  SELECTED  BY  THE  DELTA V MONITOR  WITHIN   SERVICER  AFTER A 
2-4 SEC. INTERVAL  dITHOUT THRUST.  THE  CHEW MAY DETECT A h  FCSM  EYGINE  SHUTDOWN  BEFORE  THE  GNCS DOES AND  THEREFORE  THE 
CREk MAY COM%ENCE T H I S   R 3 J T I N E   a E F O R E   T H E  CNC DOES. 

PRGU 
CONT 

CMC 

CMC 
ROUTINE 
SELECTIOU 

0 . .  

"""""""""" 

START SPS ENGINE 
THRUST F A I L   R O U T I N E  
(R70) 
"""""""""" 

GR3UND CREd 

CAEPI 
ROUTINE 
SELECTION 

0. .  

"""""""""" 

DO I *ISH TO 
RESTART  ENGINE? 

.Y .h 
"""""""""" 

. ......*.. 
"""""""""" 

V E R I F Y  + X  TRANSLA- 
T I O N  
"""""""""" 

. . 

C H E C K L I S T  T IME  TOTAL 
T I M E  

*10 

*20 

$30 

0 
R 7 0 / C S M 2 / 2 7 8  



"""""""""" 

TERMINATE  ENGINE 
ON COMMAND 
"""""""""" 

"""""""""" 

TURN OFF  TVC 
DAP 
"""""""""" 

"""""""""" 

TURh ON HCS 
CAP 
"""""""""" 

"""""""""" 

M A I T  0.5 SEC 
"""""""""" 

"""""""""" 

COMMAND +X 
TRANSLATION 
( 2  JET) 
"""""""""" 

. 
a 

. 

"""""""""" 

IS SPS ROUGH ECO 
ILLUMINATED? 

Y. N. 
"""""""""" 

. """""""_ 
PERFORM . 
ALTERNATE 0 

PROCEDURE """""""_ . . .............. 
"""""""""" - - 
PUT FCSM POwEi? 
ShiITCH I N  RESET 

THEN TO ON . POSITION  MOMEhTARILY 

"""""""""" 

"""""""""" 

CHECK THAT THE ROUGH 
ECO LIGHT GOES 3UT 
"""""""""" - - 

.Y .N 

""""""""" 

DO I d1Sd TO 
CONTINUE RESTART 
ATTEMPT? 

Y. Nm 
""""""""" 

0 ........ 
a 

""""""" 

PUT FCSM OVER- * 
RIDE SWITCA I N  
OVERRIDE  POSI- a 

T ION 
""""""" 

#40 

#50 

#70 

#80  

*90 
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W 
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I 
I 
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I 
I 

I 
I 

* I  
I 
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I 
.. * n 
I- z 
W 

>- 

I 

IU 
1 %  

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
1 
I 
I 
I 

I 
I 

(0 
Y 

n 
I 
I W Z  
I * .  

W E  
a .  

I- * * . .  

* a *  

i x 
0 
LL 

I 
I 
I I 

I I 
I C W  
I * *  CY E -  . *  z I 

Z I  
I 

0 1  

I 
I 

I I 

* a *  
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Q) 
IC 
N 

................................ 

................................ 

. . . . . . 
I I  
I I  

I I  
I I  

I I  
la I 
I O  I 
I I  

. I U I  
1 > 1  
1 1 - 1  
I I  
I Z I  
1 0 1  
1 1  
I Z I  
Icr I 
1 3 1  
I t  1 

I C Z  I . . . 

... 
I W  

I t  
I 1  

I 
l l n l  

I I I 

I 1  1 2 - 0 .  I 
I I 

I I  l l n l  
I I 
I I 

I 
lCln I 

I I 

I O  I I - l t  I 
I I 

I I  I W V  I 
I I 

l a  I I O U  I 
I 
I X  I 

I 

I U I  .... I- ........... 
Icr I I - J W  I 
I I  

I 0 1  
1 - 0  I 

I L L 1  
I w -  1 

llL I 
I C  I I tt I 

IO I 
lZrY I I a a  I 

I I  
1 3 0  I 
l e 1  

I z-1 I 
1 % 1  I C n  I 

I ucn I 

la: I 
I H Z  I 

1 - 2  I I ( ~ a  I 
1 3 1  
I t 1  
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I ' Z Z O  I 
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I ~ I  l a  
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1 - 1 1  
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CY 
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I C  I 
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. I C  ....... 
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I z i  
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I I 
I 3 W  I 
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I w w  I 
I uii i 

IC 
0 

CY 
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U 

X 
W 
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- ,  . . . . . . 
"""""""""" 

IS RENDEZVOUS 
FLAG  SET? 
"""""""""" 

.N .Y . . . """"""""_ 
SET TRACK 
FLAG  (SEE  P20) 

. . . . . . """"""""_ 
SET UPDATE 
FLAG  (SEE  P20) """"""""_ . . . . 

0 . """"""""_ 
DISPLAY PZO . . . . . ... . . . EXIT  P . . . . . . . 

0 . 
"""""""""" 

PO55 FLASH VERB-NOUN T O  
mom...ooo REQUEST PLEASE 
HOLD PERFORM SELECTION OF 

AGC IDL ING PROCHAM 
(PO0 1 

V50 NO7 
R1-00000 
R2-BLANK 
R3-BLANK 

"""""""""" . 
0 . 
0 . . . . . 

"""""""""" 

IS RENDEZVOUS 
NAVIGATION PROGRAW 
(P7.0) I N  PROCESS? 
"""""""""" 

.Y .h . . . 0 . . . . 
0 . 

RlQ/CSM2/278 

%210 

. . . 
0 . . . . . 
0 

"""""""C" 

~ ~ ~ ~ ~ ~ o ~ ~ ~ m ~ ~ m o ~ m o ~ o  MONITOR DSKY: . OBSERVE DIS- 
PLAY OF PZO JPON 
COMPLETION 
OF 

0 . . . . . ... . 
0 . . . E X i T  P 

MONITOR DSKY: 
"""""""""" 

o...o....m.o.e.*mmo. OBSERVE  VERB-NOUN 
FLASH TO REQUEST 
PERFORM SELECT1 3N OF 
PO0 
"""""""""" . . . . 

0 . 
0 

0 . . . . . 

. . . . . . . . . . . . . . . . . . 

# 2 2 0  

t230 

#240 

8C5MZ'Z78 
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lL 
0 



u * * *  w 
a * * *  
tL * * *  
(2: * * *  
Lu c * *  
t * * *  z * * *  

* * *  
I- * * *  
u) * * *  - * * *  

-& p J f  

-I * * *  
Y 2 2 2  
I * * *  u * * *  * * *  * * *  

* * *  

i?, * * *  

u, * * *  
u * * *  
A * * *  0 * * *  

* * *  
* i t *  u * * *  

2 2 2 2  
5 * * *  a * * *  
ZE * * *  
0 * * *  " 2 2 2  
0 * a *  * * *  

* * *  
-I * * *  
0 * * *  
b * * *  
3 * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  

* * *  * * *  
* * *  * * *  * * *  
f C t  

*.I* * * * *  
* * *  * * *  
* * *  * * *  
* * *  * * *  * * *  * * *  * * *  * * *  
* * *  * * *  
* * *  * * *  
* * *  * * *  
* * *  * * *  
* * *  * * *  
* * *  * * *  

Y, 
+- * * *  * * *  
-I 

* * *  
SL 

* * *  
u * * *  
ILJ 

* * *  * * *  
f * * *  
U 

2 
* * *  

+ * * *  
ts * * *  

W W * * *  
I- 

C 4 
* * *  * * *  

5 
C * * *  
> 
W 

* * *  
0: 

* * *  * * *  
* * *  c * * *  * * *  

3 
W 

* * *  
0: 

* * *  
u * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  

* * *  * * *  
* * *  
* * *  * * *  
* * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  

u 

Y 

m m * * *  
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POO/CSM CMC IDLING PROGRAll 



LL 
0 

!3 z 
W 



Y@ 
PO5/CSPl GNCS STARTUP PROGRAM 

1 PO55 STBY LT-Ol\i ( I F  NOTI 63 TO 2 )  

PRESS  STBY PB: STBY LT-OUT 
PRESS R SET: 

2 KEY V37E 05E 

3 FL V50 N25 

R l - 0 0 0 6 0  (155 TURN ON) 

ACCEPT: G/N PWR SW -I A C l  3R ACZ 

IMU/OFF SW - IMU 
AFTER 90 SEC NO ATT LT-OFF 
NO ATT  LT-ON 

ENTER 

REJECT:  V33E 

4 P O 0  





PO6/CSN GNCS POWER DOWN PiIOGRAM 

KEY V37E 06E 

POSS FL V05 NZ5 

R1-00061 ( I M U  POWER DOWN) 

ACCEPT: IMJ/OFF Sh' - OFF 
ENTER 

REJECT: V33E 

FL V50 NZ5 

Hl-00062 (CMC POWER DOWN) 

ACCEPT: ENTER 
PRESS STBY P B a  
STBY LT - ON 

REJECT: V33E 

PO0 





P l l / C S M  EARTH ORBIT INSERTION 
MONITOR PROGRAR 

CMC D I S P L A Y S  P I 1  

CHECK  AUTO START OF DET 

I F  NO AUTO  STARTI DET STA2T/STOP Slrl - 
START 

MONITOR  FDAI:  

ATT ERHORS<--DEGe 

ATT  RATES<--DEG/SEC 

B A L L   I N D I C A T E S  ROLLOUT,  TdEN  PITCHOVER 

V 0 6   N 4 0  

GAMMA X X X w X X  DEG 

V I  X X X X X e  FPS 

H PAD X X X X e X   N M  

SATURN SHUTDOWN 

KEY: V37E OOE 



LL 
0 



PZO/CSM - RENDEZV3US  NAVISATION 
PROGRAM 

KEY V 3 7 E  20E 

( R 0 2  - IMU  STATUS  CHECK)  

POSS FL V 5 0  NO7 

H1 00005 (GNCS  START  UP) 
V 3 7 E   0 5 E  

POSS FL V50   NU7 

R 1  00051 ( I W  ORIEhTATXON 
DETERMINATION)  
V 3 7 E  51E 

FL Job NXX 

O O O X X  (ASSUMED  STATE  VECTOR  SELECTION 

OOOOX (STATE  VECTOR  OPTION CODE) 

ACCEPT:  V33E 
R E J E C T :   V 2 2 E  

CODE) 

LOAD CODE FOR OESIRED STATE VECTOR 

TO TERMINATE  PROGRAM 

A. IF AAOTHER  PROGRAM B E S I D E S   P 2 0  
IS 11\1 PROCESS: 
V XX E (SELECTING OTHER 

PROGRAM. 1 

6. I F  NO OThEH  PROGRIM IS I N  
PROCESS: 

v xx k 

OR 

V 3 7 E  OOE 





P21/CSM - GROUND TRACK 
DETERMINATER PROGRAM 

KEY V37E 21E 

FL V25 N34 (LOAD T LAT LONG) 

T LAT LONG 
O O X X X I  HRS 
0 0 0 X X 1  M I N  
OXX.XX SEC 

FL V06 N44 

LONG X X X I X X  DEG 
ALT X X X X e X  NM 

RECYCLE: V32E (TO  OBTAIN PARAMETERS 

DISPLAY) 
TERMINATE: V34E 

FOR A TIME TEN MIN. LATER THAN  PRESENT 

PO0 

OXXIXX DEG 



3 
z 
X 

LL 
0 

n 
w 
z 



410 

1 

2 

3 

4 

5 

P23/CSM  CISLUNAR NIDCOURSE 
NAVIGATIOK HfiASU2EMENT PR3GRAM 

KEY V37E 23E 

FL V 5 1  (PLEASE MARK) 

PERFORM STAR-LANDMARK A 3 U I S I T I O N  
MAHK 

FL V06 N57 

SHAFT 
TRCIN 

RECORD ANGLES 
V33E 

FL V06 N34 

T IriARK 

XXX.XX DE6 
X X a X X X  DE5 

OOXXX. HRS 
0 0 0 X X .  M I N  
O X X I X X  SEC 

RECORD TIME 
V33E 

PO0 



LL 
0 



4lZ P27/CSM-AGC  UPDATE PROGRAY 

AUTO UPDATE: 

1 UP TLM SLri - ACCEPT 

UPOATE  COMPLETE 
UP TLM SW - BLOCK 

VOICE  TRANSMISSION UPDATE: 

KEY; V70E - LM RVT 
V72E - EXTERNAL  DELTA V 
V76E - C5M RVT 
q77E - TIME 

F L   V 2 1  FiOl  

BLANK 
GNCHANGEO 
UPADR 

V34E TO TERMINATE P 2 7  WHEN DESIRED 

KEY I N  UPDATE  DATA 

(DISPLAYED I N  H1) 

F L  V 2 1  NO2 (LOAD  COMPLETE) 

BLANK 
UNCHANGED 
UPADR 

ACCEPT: V33E 
REVIEW  DATA: V O 1  NOlE 

KEY OCTAL ADDRESS 3F 
FIRST WORD 
R 1  DISPLAYS  FIRST dORD 
KEY iJl5E TO SEE NEXT WORD 
KEY ENTER FOR EACH 
SUCCEEDING, WORD 

CHANGE DATA: 

PO0 

KEY I N  OCTAL I D E N T I F I E R  
OF REGISTER TO BE 
CHANGED (DATA  LOADED 
DISPLAYED I N   R l )  
LOAD NEW DATA 
V33E 



0 
IL 

n z w 

e 



'f/v 
1 

2 

3 

4 

5 

6 

P 3 0 / C S M   E X T E R N A L   D E L T A  V 
PROGRAM 

K E Y   V 3 7 E   3 0 E  

FL V06 N 3 4  

GET 1 

ACCEPT:   RECORD  VALUES 
V 3 3 E  

R E J E C T :   L O A D  NEW D A T A  

OOXXXo HRS 
0 0 0 X X o  M I N  
0XX.XX SEC 

FL V06 N 
" 

D E L T A  V X  ( L V )  X X X X o X  FP5 
U E L T A  V Y  ( L V )  XXXXIX F P S  
D E L T A  VZ ( L V )  XXXXoX F P S  

(STORED  CONPONETS OF I M P U L S I V E   D E L T A  V 
ALONG CSM L O C A L   V E R T I C A L   A X E S   A T  GET11 

A C C E P T :   V 3 3 E  

& E J E C T :   L O A 0  NEW D A T A  

FL V 0 6  N45 ( T r l R U S T I N G   P A R A H E T E R S )  

APOGEE  ALT  xxxx0x NM 
P E R I G E E   A L T  X X X X e X  NM 
D E L T A  V X X X X o X   F P S  

A C C E P T :   V 3 3 E  

REJECT:   RESELECT P/30  OR P / 2 7  
L O A D  NEhr PAeAMETERS 

FL V O 6  N35 ( T I M E   T O  ti0 T O   I G N I T I O N  - T T I )  

T T I  OOXXXo HRS 
OOOXX. M I N  
OXXoXX SEC 

SET:  LEB C L O C K   T O   T T I   ( 3 P T I O N A L )  
TO C O N T I N U E  P30: V 3 3 E  
T O   T E R M I N A T E  P30: V 3 7 E   X X E  
( E h T E R  NE& PROG. 1 

( R 2  - I M U  S T A T U S  CHECIO 

PO55 FL V50 N O 7  

R1-00005 (GNC.5 START UP) 

V 3 7 E  O5E 
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0 P34-CSM  TRANSFER  PAASE 
I N I T I A T I O N  PROGR4M 

1 KEY V 3 7 E  34E 

2 FL V 0 6  N 
" 

O P T I O N  CODE 
O P T I O N  
6LANK 

O O O X X  OCTAL 
OOOOX OCTAL 

ACCEPT:  V33E 
REJECT:   V22E 

LOAD DESIRED O P T I O N  IN 22 
(1E OH 2 E )  

3 IF O P T I O N  CODE 00001: 

F L  V O 6  N 3 4  

GErI ( T P I )  OOXXXI  HRS 
0 0 0 X X .  M I N  
S X X e X X  SEC 

ACCEPT: RECORD VALUES 
V 3 3 E  
(GO TO STEP 5 )  

K E J E C T :   V 2 5 E  
LOAD D E S I R E D   G E T I ( T P 1 )  

OH I F  O P T I O N  CODE 00002: 

F L   V 0 6  N 

sLANK 
L 
BLANK 

ACCEPT: HCCORD V A L d E  
V33E 

" 

X X X I X X  D E 5  

REJECT:   V22E 
L O A D   D € S I H E D  E 

4 POSS FL V 0 5  N 3 1  

R 1  OOOXX ( C O M P U T A T I O N   D I F F I C U L T Y )  

V 3 2 E  TO RECYCL€ TO STEP 3 
LOAD  ADJUSTED E 

5 FL V06 h 

DELTA T TRANS 
" 

O O X X X .  MIN 
0 0 0 X X .  MIX 

O X X e X X  SEC 



ACCEPT: RECORD  VALLJES 
V33E 

REJECT:  V25E 
LOAD 3ESIHED  DELTA  T TRANS. 

6 POSS F L  V05  N31 
R 1  OOOXX (COMPUTATION DIFFICULTY) 

V32E TO RECYCLE TO STEP 2 
ADdUST INPUT PARAMETERS 

7 I F  OPTION CODE 0001: 

F L  V04  N 

i3LANK 
E 
BLANK 

" 

HECORD VALUE 
V33E (GO TO STEP 9 )  

OR I F  OPTION CODE 00002: 

FL  V06  N34 

GET1 ( T P I )  

X X X - X X  DEG 

0 0 0 X X .  HRS 
0 0 0 X X a  M I N  
OXX.XX SEC 

RECORD VALUES 
V33E 

8 F L  V06 N  (TERMINAL PHASE PARAMETE3S) 
" 

DELTA V ( T P I )  
PERIGEE ALT ( T P I )  
DELTA V (TPF) 

RECORD VALUES 
V33E 

X X X X o X  FPS 
X X X X - X  NM 
X X X X o X  FPS 

9 F L  VO6 N35  (TIME TO GO TO IGNIT ION)  

TT I OOXXX.  M I N  
0 0 0 X X .  M I N  
O X X - X X  SEC 

SET: LEE CLOCK TO T T I  
SET: MDC  CLOCK TO T T I  (OPTIONAL) 
V33E 

10 POSS FL V06 N 
" 



N - ( S I N C E   L A S T  @U2N OR P20)  000XXoMARKS 
TT I . XXBXX  vlI ir i-SEC 
BLANK 

ACCEPT: v33L ( I F  T T I  < 8 M I N  0 2  N:, 
MORk  MARLS DESIRE3 
(IN P20) ) 

REJECT;  1 s  T O   A D J U S T   G E T I  OR DAT4:  
V 3 7 E  34t: 

2 0  FIORE MARkS D E S I R E D :  V--E 
3. F I N A L   C O - Y P U T A T I O N  NOT 

DESIRED: V32E 

11 POSS FL V50 NO7 
H 1  00005 (GNCS  START UP) 

V 3 7 E  05E 

12 POSS FL V50 1407 
R 1  00051 (IMU O R I E N T A T I O N  DETEH- 

M I N A T 1 3 N )  
V 3 7 E  

13 FL V06 N -- 
NlSINCE L A S T  BURN OR P20)OOOXX.  .qARKS 

TT I 
MGA A T   G E T I  

XXBXX  V IN-SEC 
XXXoXX  3EG 

RECORD NUMBER OF MAi iKS AN3 MGA 

V33k 

14 FL ‘350 NO7 

BLANC 
BLANK 
W A N <  

SELECT PROPULSIOh SYSTEM 

SELECT SPS: V 3 7 E  40E 
SELECT RCS: v 3 7 E  41E 



LL 
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Y2/ 

e P 3 5 / C S M  - TKAI~SFER  PHASE 
MIDCOURSE  PROGRAM 

KEY V 3 7 E   3 5 E  

F L   V 0 6   N 3 5   ( T I M E  TO INTERCEPT - T f   I h T )  

T T   I N T  OOXXX. HRS 
OOOXX. MIN 
OXX-XX SEC 

SET: LEE3 CLOCK  TO  TT I N T  
SET: (YDC CLOCK  TO  TT I N T   ( O P T I 3 N A L )  
V 3 3 E  

F L   V 0 6  N 
" 

i.( ( S I N C E   L A S T  GURN DR P20) 000XX.MARKS 
T T   I N T   X X a X X   M I N - S E C  
6LANiC 

ACCEPT:  V33E ( I F  T T   I N T  r 20 M I N  A h 0  
MORE MARKS  ARE  DESIRED 
(P20) 

REJECT:   V37E  36E  ( I F  T T   I N T  20 MIN) 

V E ( I F   T T  IhT > 20 MINI AFiD 

MORE MARKS ARE D E S I R E D   ( P 2 0 )  

OR 

" 

FL LO6 N 
-3 

N ( S I N C E   L A S T  3URN 3R P20) 000XX*MARKS 
TT I xxaxx MIN-SEC 
NIGA XXXmXX DEG 

RECORD VALt iES 
SET:  LEB  CLOCK  TO P T I  
SET: MDC CLOCK  TO T T I   ( D P T I O N A L )  

V 3 3 E  

FL v06 N (TERMINAL  Pi iASE  PA3AMETERS) 
" 

D€LTA  V  (MID) XXXXIX FPS 
TT I XXBXX MIFU-SEC 
DELTA V ( T P F )   X X X X e X   F P S  

RECORD  VALUES 

ACCEPT:  V33E  (NO  MIDCOUQSE  BURN 
REQU I RE9 1 

REJECT:   V32E  ( k IDCOJ i iS t :   83RN  REJJ IRED)  

FL V50 NO7 
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Y P41/CSM - RCS PRDGRAM 

1 KEY V37E 4 1 E  

(R2- IMU  STATUS  CHECL)  

2 POSS FL V50 NO7 

R1-00005 (GNCS  STA2TUP) 

V37E 0 5 E  

SELECT P51 A F T E R   C W P L E T I O N  OF 
PO5 

3 POSS FL V 5 0  N07 

HI-00051 

V37E 5 1 E  

RESELECT  P41  AFTER  COMPLETI3rU  OF 
P 5 1  

4 FL V O 6  N-- (MASS  PARAMETERS) 

I X  
I Y / I Z  
W 

XXXOO SLUG-FT SU 
XXXOO SLUG-FT 5Q 
XXXXX L B S  

ACCEPT: V33E 
REJECT: V25E 

RELOAD  DATA 

5 FL V 0 6  N-- 

ASSUMED TRAI\IS. A X I S  COOE 
CMC ASSUME0 A X I S   O P T I O N  CODE OOOOX 

000" 

BLANC 

ACCEPT: V33E 
R E J E C T :   V 2 2 E  

RELOAD A X I S  OPTI3N CODE I N  R 2  

6 FL V O 6  N-- ( V G  AT I G N I T I O N )  

VGX (CSM) 
VGY (CSM) 
VGZ (CSM) 

XXXXeX F P S  
XXXXeX FPS 
XXXXeX F P S  

ACCEPT: V33E 
REJECT:  V 3 2 E  

RECYCLE TO STEP 5 

7 FL V06 N17 (RESULTING  G IMBAL  ANGLES)  

ROLL9   P ITCHI  YAW XXXeXX 



RECORD  VALUES 

ACCEPT:  V33E 
k E J E C T :   V 3 2 E  

( i t€CYCLE 13 STEP 5 )  
08 
V 3 7 E  53E (GR 5 2 E )  
HESELECT P 4 1  AT  COMPLETIOlv  OF 
P53 (OR P52)  

8 FL V 0 6  N-- ( I N I T I A L  VG) 

VGX ( L V )  
VGY (LV) 
VGZ ( L V )  

XXXXoX F P S  
XXXXoX F P S  
XXXXeX F P S  

RECORD  VALUES 
V 3 3 E  

(R60 - ATTITUDE  MANEUVE2)  

9 PGSS F L   V 5 0   N 2 5  

R1-000-- (SC CONT AND CMC MODE SELECT)  

ACCEPT: SC COKT Sul - CNC 
CMC MODE Sg - AUTO 
ENTR 

REJECT:  SELECT  SC CONT  AND CMC YOUE 
D E S I R € D  
V 3 3 E  

10 V06 N 1 7   ( F I N A L   G I N B A L   A N G L E S )  

ROLL-  PITCHIYAW  XXXoXX DEG 

11 MONITOR  MANEUVER ON F O A I  

I 2  PGSS FL V 5 0   N 2 5  

R 1 - 0 0 0 0 7   ( A T T I T U D E   T R I M   E N A B L E )  

ACCEPT: SC CONT Sul - CMC 
CMC MODE Sh' - AUTO 
E k T R  

REJECT:  SELECT  SC CONT AND CMC NODE 
D E S I R E D  
V 3 3 E  

13 FL V 5 0  N 2 5  

R-000-- (SC CONT  AHD CMC MODE SELECT)  

P41/CL/CSk2 

72 7 



7 2  

ACCEPT:  SC  CONT SW - CYC 
C K  MODE SW - AUTO 
LNTR 

CMC MODE SI - HOLD 
V 3 3 E  (GO TO S T E P   1 8 )  

REJECT: SC  CONT Ski - CMC 

14 I F  AUTO9 V 0 6   N 5 1  

T T I  XXBXX MI i r -5EC 
YG X X X X o X  F P S  
DELTA VM XXXXmX F P S  

UPDATE  TTE  CLOCKS  (OPTIONAL) 

0 0 :  05 
1 5  FL V50 N 1 1  

T T  I XXBXX MIN-SEC 
VG X X X X o X  F P S  
DELTA VM X X X X o X  FPS 

ACCEPT: ENTR 
REJECT: V 3 4 E  

FL V50  NO7 
R 1 - 0 0 0 0 0  

V 3 7 E  OOE 

0o:oo 
16 V 5 0   N l 1  

TG XXBXX MIN-SEC (DECREASING) 
VG X X X X o X  FPS (DECREASING) 
DELTA VM X X X X o X  F P S  ( INCREASING)  

FDAI: ATT ERR -- DEG 
ATT  RATES -- DEG/SEC 

17 FL V 0 6  N51  

TG XXBXX MIN-5EC 
VG XXXXmX FPS 
OELTA VM X X X X * X  FPS. 

ACCEPT: V33E  (NO  TRIM)  

REJECT: V 3 2 E   ( F I N A L   T R I M )  
GO TO STEP 19 

RECYCLE TO STEP 13 

18 IF MANUAL9 FL V06 N-- 

VGX (CSM) X X X X o X  F P S  
VGY (CSM) X X X X o X  F P S  
VGZ (CSM) XXXX.5 F P S  

PC-l /CL/CSMZ 



MANUALLY MANEUVER TO NULL VG 
V33E 

(R30 - ORBITAL PARAMETER DISPLAY) 

19 F L  V06 N43 

APOGEE ALT X X X X b X  NPI 
PERIGEE ALT X X X X I X  NM 
TFF XXBXX MIN-SEC 

V33E 

20 PO55 F L  V O 6  N35 - IF P E R I G E E  ALT 
300,OO F T e  

T PERIGEE 

V33E 

21 P20 

OH 
F L  V50  NO7 

R1-00000 

V37E OOE 

OOXXX. HRS 
0 0 0 X X .  M I N  
OXX-XX SEC 
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~ 

P47/CSM THRUST  M3NITOR PROGRAM 

KEY V 3 7 E   4 7 E  

( H 2  - IMU STATUS Ci lECK) 

POSS FL V50 NO7 
R 1 - 0 0 0 0 5  (GNCS START JP) 

V 3 7 E   0 5 E  

POSS FL V50  NO7 
R 1 - 0 0 0 5 1  ( I M U  ORIENTATION 

D E T E K M I N A T I 3 N )  
V 3 7 E   5 1 E  

V l 6  N 
" 

DELTA V X  ( I h U )  X X X X e X  FPS 
DELTA VY ( I  ti) X X X X I X  FPS 
DELTA V Z ( I W )  X X X X e X  FPS 

MObJITOK  MANEUVER ON FDA1 

WhEN MANEUVERS ARE  COMPLETED: 

V 3 7 E  OOE 

P(i0 



LI 
0 



@ P51/CSM IMU 9RIENTATION 
DETERMINATION  PH3GRAM 

1 KEY V37E 51E 

2 POSS  FL V50 N07 
R1-00005 (GNCS STAk?T JP)  

V37E 05E 

3 FL V50 hi25 

Kl-00015 (STAR ACOJISITION) 

MANEUVER  CSM TO  POSITION 1 G  AXIS I N  

MAhEUVER CSMr I F  NECESS42Yr TO ACQUIRE 

MONITOR FDA1 FOR GIMBAL L3CK 
ENTER 

PREFERRED DIRECTIOII (OPT13NAL) 

TWO NAV. STARS IN SST 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

I F  GIMBAL LOCK IMPENDING: V33E 

9ISPLAY: V 4 l  N20 

ROLLrPITCH*YAW 000.00 DEG 

NO ATT LIGHT - ON1 THEM OFF 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  

4 

5 

6 

93.3 

( R 5 3  - SIGHTING MARIO 
FL V51 N30 

STA?  CODE 000XX. (F32 STAR 
#1)  

SET: OPTICS K O U t  SU - IVIAII 
C€hTER STAR IN 5XT 
MARK 

idOTE: UNSATISFACTORY  MA2KS MAY BE 
REJECTED BY MARK 2EJECT Pa. 
PRIOR TO ENTER It4 STEP 5 .  

FL v50 N25 

Rl-00016 (TERMINATE MARL SEQUENCE) 

ENTER 

FL t21 N30 (LOAD  STAR  CODE) 



43@ P 5 l / C L / C S M Z  

7 

8 

9 

10 

11 

v2  1E 
LOAD STAR  CODE I N  R1. 

(R53-SIGHTING  MARK) 

FL V 5 1   N 3 0  

STAR  CODE 0 0 0 X X o  (F32 STAR 

CENTER  STAR I N  SXT 
MARK 

NOTE:  UNSATISFACTORY MARCS MAY BE 

f Z  1 

REJECTED BY MARK REJECT PBo 
PRIOR TO ENTER I N  STEP 80 

FL V 5 0   N Z 5  

R l - 0 0 0 1 6   ( T E R M I N A T E  MARK SEQUENCE) 

KEY: E ~ T E R  

FL V21   N30   (LOAD  STAR CODE) 

V Z l E  
LOAD STAR CODE I N  R1. 

(H54 - STAR  DATA  TEST) 

VO6  NO5 (10 SECONDS) 

STAR  ANGLE OIFF  XXXoXX DE6 
(DATA GOOD*  ANGLE < 0.05 DEG) 

OK FL V06 NO5 

STAR  ANGLE DTFF 
(DATA  BAD*  ANGLE > 0.05 DEG) 

XXX+XX  DEG 

ACCEPT: V33E 
REJECT: V37E OOE 

PO0 



a 

z 
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436 P5Z/CSM-IMU  REALIGN  PROGi iAM 

1 K t f  V37E 52E 

2 POSS FL V50   NO7 
R 1 - 0 0 0 0 5   ( G N C S   S T A R T J P ) )  

V 4 7 E  05E 

3 F L  V06 N-- 

R1-000”   OPTIOFI  COGE FOR  ASSUMED ii4U 

H2-0000X CMC ASSUMED OPTIDN: 
00001 PREFERRED 
00002 NOlYI UAL 

O R I E N T A T I O N  

00003 REFSMMAT 

ACCEPT:  V33E 
REJECT:   LOAD  DkSIHED  OPTION 

NOTE: 
POSS FL V 0 5   N 3 1  

R1-000-- (PREFERRED  IMU NOT 
S P E C I F I E D )  

SELECT:   NOMINAL  V32E 
OR 

PREFERRED V37E --E (PRDGRAM 
TO D E F I N €  
IMU DRIEN- 
T A T I 3 N )  

4 PUS5 FL V06 N-- (NOMINAL  SELECTED) 

T ( A L I G N )  OOXXX. HRS 
O O O X X o  M I N  
O X X o X X  SEC 

ACCEPT: V33E 
REJECT:  LOAD DESIRED T ( A L I G N )  

5 FL V 0 6  N17 (GIMBAL  ANGLES) 

R O L L *   P I T C H I  YAW X X X e X X  DE5 

CHECK MGA 

ACCEPT: V33E 
&LJECT:  MAhEUVER USING R3TATIUN 

COlvTROLLER 

SELECT NEW PROGRAM 
OR 

( R 5 0  - COARSE A L I G N )  

6 N A I T  -- SECONDS  FOR  COYPLETION OF C3ARSE 
ALIGNMENT 



(R56  - STAR SELECTI3N) 

POSS FL  V05  N31 (TuJO STARS N3T  AVAILABLE 
I N  SCT) 

Hl-000-- 

NOTE: AME - ATTITUDE 
ATT-IMP .. ENABLE 

BYPASS R56 - MANEJVER TO ACQUIRE 
5TAH5  V33E 

OR 
REPEAT R56 - MANEdVER TO P3SSI -  

BLE STAR  ACQU.151- 
TION  V32E 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
NOTE: NAVIGATOR SHOULD MONITOR FDA1  BALL TO 

AVOID GIMBAL LOCK 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

(R51  - FINE  ALIGN) 
(R52 - AUTO OPTICS  POSITIONING - STAR 
NO. 1) 

7 F L  V06 N30 

Rl-STAR CODE 

ACCEPT: SCT AUTO/MAN OPTICS  SNITCH TO 
DESIRLD  SETTI?4G 
V33E 

REJECT: LOAD NEri STAR CODE 

I F  OPTICS IN MAFjUAL MODE9 GO TO STEP 10 
I F  OPTICS I N  AUTO  MODE9 CONTINUE 

NOTE: 
PO55 FL  V05  N31 

R1-000" (STAR NOT IN HEMISPHERE 
OF V I S I B I L I T Y )  
AME - ATTITUDE 



F P52/CL/CSM2 

ATT IMP - ENABLE 
MANEUVER VEdICLE 13 
ENABLE A C l U I S I T I D N  
(MONITOR F34I BALL) 
V33E 

OR 
V32E  (RETURh r3 STEP 7 F3R 

OR 
NEW STAP.) 

SET OPTIC5  Si41 TCH TO WQNUAL 
V34E (GO TO STEP 10) 

8 PUSS F L  V06 lu5 7 (TRUNtUIORi ANGLE > 40 DEG) 

ShAFT X X X e X X  DE5 
TKUNII;IOt\i X X e X X X  DEG 

AME - ATTITUDE 

MANEUVER VEHICLE TO PRSDUCE 
ATT-IMP - El\iAslE 

TRUNNION ANGLE 40 O E G e  

AONI TOR FDA1 3ALL 

V33E 

3H 
V32 (RETURN TO STEP 7 FOR 
kE& STAR) 

SET OPTICS  SwITCrl  TO YANclAL 
V34E (GO TO STEP 10) 

OR 

9 PUS5 V06 N57 (STAR LOS NOT d I T H I N  5 DEG. 
OF TARGET VECTOR) 

UESIREO SHAFT 
DESIRED TRLliuNION 

X X X e X X  DEG 
X X e X X X  DEG 

( H 5 3  - S I G h T I N S  MARC - STAR NO. 1) 

l o  FL V51  (PLEASk  RAHK) 

AME - ATTITUDE 
ATT IMP - ENABLE 

SELECT  MANUAL UPTICS MODE P4A2.K 

1 1  FL   V50   N25  

H1-00016 (TERMINATE rvlARl(S) 

ACCEPT : LIITEH 
HEJECT: MARK REJECT 

e 



NOTE: AN UNSATISFACTORY MARK h A Y  BE 
REJECTED BY PRESSING MARK 
REJECT ANY TIME  PRIOR TO TER- 

POSSIBLE PROGRAM ALARM I F  HARK 
REJECT k I lHOUT  PRIOR MARK OR I F  

MINATING THE MARKING SEQUENCE. 

SURPLUS KARK IS ENTERED. 

12 F L  ~ 2 1  ~ 2 0  (LOAD STAR CODE) 

LOAD STAR CODE + 0 0 0 X X .  

(R52  - AUTO OPTICS  POSIT13NING  “STAR 
NO.  2. 

13 F L  V06 N30 

R1-STAR CODE 

ACCEPT: SET OPTICS MODE SWITCH TO DE- 

REJECT:  LOAD STAR CODE 
SIRED  SETTING V33E 

I F  OPTICS I N  MANUAL MODE9 GO TO STEP 16 
I F  OPTICS I N  AUTO MOOEI COkTINUE 

W T E :  
PO55 F L  VOS N 3 1  

R1-000-- (STAR NOT I N  AEMISPHEHE OF 
V I S I B I L I T Y )  

AME - ATTITUDE 
ATT I lyP - ENABLE 

MANEUVER VEHICLE TO  ENABLE  AC3t)ISI- 
TION (MONITOR FDA1 GALL) 
V33E 

OK 
v32E (RETURK TO STEP 13 FOR NEki 

STAR) 
Ott 

SET OPTICS MODE  TO MANUAL V34E 
(GO TO STEP 16) 

14 pOSS FL V06  N57  (TRUhiNION  ANSLE > 40 L E G )  

SHAFT X X X o X X  DEG 
TRUNNION X X e X X X  DES 

AM€ - ATTIT’JUE 
ATT IMP - ENABLE 



MANEUVER V E H I C L E  TO PRODUCE 
TRUNNION  ANGLE C 40 DEG. 

(MONITOR  FDA1 EALL) 

V33E 

OH 

V 3 2 t   ( R t T U R F I  TO STEP 13 FOR NEW 
STAR) 

Ok 

SET  OPTICS MODE TO MANUAL V 3 4 E  
( G O  TO STEP 16) 

15 POSS t 0 6  h57 (STAH  LO5 NOT W I T H I N  5 DEG. 
OF TARGET  VECTOR) 

H 1  - DESIRED SHAFT X X X o X X  3EG 
I42 - D E S I R L D  TRUNNION X X m X X X  9tG 

( R 5 3  - S I G H T I N G  MARK - STAR EJO. 2 )  

16 FL V 5 1   ( P L E A S E  MARK) 

AM€ - A T T I T U D E  
ATT  IMP - ENABLE 

SELECT MANUAL O P T I C S  MODE MAR< 

1 7  FL V50 N 2 5  

H 1 - 0 0 0 1 6   ( T E R M I h A T E  NARi<S) 

ACCEPT:  EhTER 
REJECT: HARK  REJECT 

NOTE: AN  UNSATISFACTORY MARK MAY aE 
GEJECTED ay PRESSING NARK XJECT 
ANY T I M E   P R I O R  TO TERMINATING 

F O S S I 6 L E  PROGRAM ALARlvl I F  YARK 
REJECT  WITHOUT  PRIO2 MARK 3R I F  

THE  I4f iRKING SEQUEMCE. 

SURPLUS MARK IS EUTERED. 

18 FL V 2 1  i12O (LOAD  STAR  CODE) 

LOAD  STAR CODE +000XX. 

( R 5 4  - STAR  DATA  TEST) 

19 V 0 6  NO5 (10 SECS) 



R 1  - STAR  ANGLE  DIFFERENCE OOOrOX DEG 
(GOOD  DATA9  ANGLE < 0.05 DEG,) 

OK 

FL V 0 6  b05 

R1- STAR  ANGLE  DIFFERENCE  XXXrXX  DEG 

(EAD  DATA9  ANbLE > 0.05 DES.) 

ACCEPT: V33E 
KEJECT:  V37E --E (SELECT XEW PR3GRAM) 

( R 5 5  - GYRO TORQUING)   (OPTIONAL)  

20 VU6 N67 

DELTA GYRO ANGLES X r Y v L   X X r X X X  DEG 
ALL  ANGLES < 5 DEG. (GYRO  ARE TD2QiJED) 

OR 
F L   V 0 6  M67 

DELTA GYRO ANGLES XIYIZ X X r X X X  DEG 
I F  ANY  ANGLE > 5 DEG. 

ACCEPT: V33E  (GYROS ARE TORQUED) 
REJECT: V 3 4 E  (CMC D I S P L A Y S  POO) 

21 E L   V 5 0  Pi25 
Rl-00014 ( F I N E  ALIGN  Cr lECK)  

ACCEPT:  EriTER  (RETURN  TD  STEP 7 )  
REJECT:   V33E 

2 2  PO0 

23 S t T  CONTROLS: 

L I i 9 I T   C Y C L E  - OFF 
G t N/SCS - SCS 
AML - MONITOR 
SC5  CHANNELS - OFF 
CB O P T I C S  MNA & B - OPEN 



u- 
0 



P53/CSM - C S M / I M L )   A L I G N  PROGRAM 

1 SET CONTROLS TC1 BASIC  POSITIO~\~SI  EXCEPT: 

2 K t Y  V37E 53E 

( R O 2  - IMU  STATUS  CHECK) 

3 POSS FL V05 NO7 
R 1  00005 (GhCS START UP) 

b 3 7 E  05E 

4 PDSS F L  V05 NO7 
t?1 00051 (IMU  ORIENTATION DETER- 
FIIF~ATION) 

V37E 51E 

5 F L  V06 N 

O O O X X  (ASSUMED IMU  ORIENTATION SELEC- 

OOOOX ( I I W  ORIEhTATION  OPTION CODE) 

ACCEPT OPTION:  V33E 
REJECT OPTION: V 2 2 E  

" 

T I O h  CODE) 

LOAD  NE# 3PTION CODE 
II\; R2 

NOTE: 
POSS FL V05  N31 

OOOXX I F  PREFERRED IMU ORIEN- 
TATION HAS BEEN  SELECTED 
BUT HAS  iq3T  BEEN SPECI- 
FIED. 

CHOOSE NOMINAL  OAIENTATI3N: 
V32E 

oa 
SELECT NEW PROGRAM: V37E XXE 

IF PREFERRED IMU ORIENTATION I S  
SELECTED9 PaOCEED TO STEP 9. 

6 F L  LO6 N 
3- 

T ALIGN OOXXXo HRS 
0 0 0 X X e  M I N  
O X X e X X  SEC 

ACCEPT: V33E 
REJECT:  V25 

LOAD N€W T (AL IGN)  

7 FL V06 rU 



OOOXX (ASSUNED CSM ATTITLJDE S E L E i T I O h  
” 

COGE) 

OOOOX (CSM ATTITUDE  OPT13N CODE) 

ACCEPT OPTION CODE; V33E 
REJECT OPTION CODE; V22 

LOAD NEW OPTION 
CODE I N  R2 

NOTE: 
PO55 FL  V05  N31 
OOOXX I F  PREFERRED CSM ATTI- 

C TUDE HAS BEEN SELECTED9 
BUT tiAS NOT BEEN SPECI- 
FIED. 

CHOOSE NOMINAL  ATTITUDE:  V3ZE 

SELECT NEW Pt?OGRAM: V37E XXE 

IF PHEFEHREU CSM ATTITUDE IS 
SELECTED? PHOCEED TO STEP 9 .  

OR 

8 F L  1106 N17 
ROLL~PITCHIYAW XXXeXX DEG 
I F  YG < 45 UEG: V33E 
I F  MG > 45 DEG: V32E t C K  WILL RETURN 

T O  START 3F THIS  
PROGRAM) 

9 V O 1  M25 

R1-0005X 
(R6O - ATTITUDE MANEUVE2) 

1 0  POSS FL  V50  N25 

OOOXX (SC COhT AND  CMC  MODE SELECTION) 
ACCEPT: CMC  MODE SN - AUTO 

REJECT: SELECT SC  CONT  AND  CMC  MODE 
ENTER 

DES I RED 
V33E 

11 V06 N17 (FINAL  GIMBAL ANGLES) 

ROLL? PITCH? YAW XXXmXX  DEG’ 

MONITOR MANEUVER ON FDA1 

12 POSS FL  V50  N25 

OOOXX ( A T T  TRIM ENABLE) 

53/CL/CSM2 

53/CL/CSM2 



ACCEPT: CMC MODE SW - ALJTO 

REJECT:  SELECT S c  CONT  AND  C#C MODE 
ENTER 

DES I RED 
V 3 3 E  

( R 5 1  - F I N E   A L I G N - S T A R  Oil 

13 FL V 0 6  N30 

OOOXX (STAR CORE FOR STAR  Y1) 

ACCEPT: V 3 3 E  
R E J E C T :   V 2 1  

LOAD NEW STAR  CODE 

14 IF  AUTO-OPTICS  POSITIONING  SELECTED: 

POSS FL V 5 0   N 2 5  

R 1 - 0 0 0 1 3   ( O P T I C S  MOUE Sd TO CMC) 

ACCEPT: O P T I C S  MODE * CMC 

REJECT:   V33E 
ENTER 

P O S I T I O N   O P T I C S   M A N U A L L Y  

15 IDENTIFY  STAR I N  SCT 

( R 5 3  - SIGHTING  MARK?  STAR Y1I 

16 FL V 5 1   ( P L E A S E  MARK) 

O P T I C S  MODE .. MAN 
ATT  IMP  ENABLE - ON (OPTIONAL)  
MARK 
ENTER 

17 FL V 5 0   N 2 5  

R 1 - 0 0 0 1 6   ( T E R M I N A T E  MARK SEQUENCE) 

MARK SATISFACTORY:  ENTER 
MARK UNSATISFACTORY: MARK REJECT 

18 FL V21  N30 (LOAD  STAR  CODE) 

LOAD  STAR  CODE I N   R l  
ATT  IMP  ENAELE - OFF 

( R 5 1  * FINE  AL IGN-STAR Y 2 )  

I 19 F L  YO6 N 3 0  

8 
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ACCEPT: V 3 3 E  
REJECT: V Z 1  

LOAD NEW STP rR CODE 

20 I F  AUTO  OPTICS  POSITIONING  SELECTED: 

POSS FL V 5 0   N 2 5  

00013 (OPTICS MODE SW TO CMC) 

ACCEPT:  OPTICS MODE - CMC 
ENTER 

REJECT:  V33E 
P O S I T I O N   O P T L C S   M N U A L L Y  

21  I D E N T I F Y  STAR I N  SCT 

( R 5 3  - SIGHTING  MARK*  STAR i y Z )  

22  FL V51  (PLEASE  MARK) 

O P T I C S  MODE - MAN 
ATT  IMP  ENABLE - ON ( O P T I 3 N A L )  
MARK 
ENTER 

23 FL V50 N 2 5  

00016 (TERMINATE MARK SEQilENCE) 

MARK UNSATISFACTORY:  ENTER 
MARK UNSATISFACTORY;  NARL  REJECT 

24 FL V Z 1  N30  (LOAD  STAR CODE) 

LOAD  STAR CODE I N  A 1  
ATT  IMP  ENA6LE - OFF 

( R 5 4  - STAR  DATA  TEST) 

25 FL V 0 6  NO5 (LO SEC) 

XXXmXX DEG  (STAR ANGLE D I F F )  

(DATA GOODI ANGLE  Om05  DEG) 
OR 

FL V06 NO5 

XXXaXX DEG (STAR  ANGLE  DIFF)  

(DATA BAD* ANGLE > 0.05 DEG) 

ACCEPT; V 3 3 E  
REJECT:   V37E X X E  (SELECT NEW PR3GRAMI 

53 /CL/CSM2 

e 
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(R55 - GYRO TORQUING) 

26 FL V06  N67 

(GYRO TORQUING  ANGLES* I F  ANY ANGLE > 
5 DEG) 

x *  Y *  2 XXmXXX DE5 

ACCEPT: V33E (GYROS  ARE  TORQUED) 
REJECT: V34E 

ICMC DISPLAYS PO01 
OR 

V06  N67 ( 9 0  SEC) 

(GYRO TORQUING  ANGLES* ALL < 5 DEG) 
x *  Y e  z XXmXXX DEG' 
(GYROS  ARE  TORQUED) 

27 FL V50 M25 

R1-00014  (FINE  ALIGN CHECK) 

ACCEPT : ENTER 

REJECT: V33E 

28  I F  CODE 00052 OR 00054 

RETURN TO STEP 13 

(R6O - ATTITUDE MANEUVER) 

2 9  POSS F t  V50  N25 
R 1 - 0 0 0 X X  (SC CONT AND CME  MODE 

SELECTION) 
AUTO: SELECT CMC 

MODE SW - AUTO 
ENTER 

DESIRED 
V33E 

MANUAL: SELECT SC CONT AND CMC MODE 
i .. I 

30 V06 N17 (FINAL GIRBAL ANGLES) 
ROLL* PITCH, YAW X X X e X X  DEG 

MONITOR  MANEUVER  ON FDA1 .. ~ . ' 

3 1  POSS FL  V50  N25 

OOOXX (ATTITUDE  TRIM MANEUVER ENqBLE) 

AUTO: SELECT CMC 
MODE SW - AUTO 
ENTER 

MANUAL: SELECT SC  CONT  AND CMC MODE 
V33E 

53/CL/CSM2 
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P 6 1 / C S M  - MANEUVER  TO  CM/SM 
S E P A R A T I O N   A T T I T U D E  PROGRAM 

KEY;  V37E 6 l E  

NOTE: I F  FL V05 N 3 1  
R 1 - 0 1 4 2 7  
I M U   R E V E R S E D *  LE20 R O L L  3N 
F U A I  
15 L I F T  UOWh 

I F  FL V05 N 3 1  
R 1 - 0 1 4 2 6  
I F I U   U N S A T I S F A C T 3 R Y  9 V X R 

FvOT N I T H I N  30 DEG OF Y 
" 

-SM 

F L  V06 N53 

G M A X   X X X o X  G 
V PRED X X X X X e  F P 5  
GAMMA E1 X X X o X X  DE; 

RECORD  DATA 
V33E 

F L  V06 N 
" 

k T G O  X X X X o X  NI'I 
L 10 xxxxx, FPS 
T T E  X X i 3 X X  M I h - S E C  

RECORD  DATA 
V33E 

( R 6 O  - A T T I T U D E  MANEUVE2) 

POSS FL V50 N25 

K 1 - 0 0 0 X X  (SC  CONT AND CvlC WODE S E L E C T )  

ACCEPT: SC CONT SW - CNC 
CYC MOUE SrJ - AUTO 
ENTR 

REJECT:  SELECT  SC CONT AND CMC Y O N  
SlREU 
V 3 3 E  

vO6 Iv17 ( F I N A L   G I M B A L   A N G L E S )  

R O L L v P I T C H r Y A W  XXX.XX DE5 

MONITUR  MANEUVtR ON F O A I  

PO55 FL V50 N25 



Hl-00007 (ATT  TRIM  ENABLE) 

ACCEPT: SC CONT 5W - C K  
CMC MODE SN - AUTO 
ENTR 

DESIRED 
+?EJECT: SELECT SC CONT  AND CRC *ODE 

V33E 
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0 P62/CSM - CM/SM SEPARATION AND 
PRE-ENTRY  MANEUVER  PROGRAM 

1 C l K   D I S P L A Y S   P 6 2  

OR 
KEY: V37E 62E 

hOTE: IF FL V05 N 3 1  
R 1 - 0 1 4 2 7  
IMU  REVERSED9 ZERO ROLL ON 
F D A 1  IS L I F T  DOrlN 

IF FL V05 N 3 1  
R l - 0 1 4 2 6  
IMU UNSATISFACTORYI V X R 

WITHIN 30 DEG O f  Y 
" 

-SM 

2 F i  lr50 tu25 

R 1 - 0 0 0 4 1  

CM/SM  NOT  SEPARATED: C W S M  SEP SW -UP 
ENTER 

CS/SM SEPARATED: V33E 

3 FL V 0 6  N62 

IMPACT  LAT X X X e X X  DEG 
IMPACT  LONG X X X e X X  REG. 
HEADS UP/DOWN + OR - 00001 

ACCEPT: V 3 3 E  
REJECT: V25E 

RELOAD  PARAMETERS 

4 V 0 6  N17 ( D E S I R E D   F I N A L   G I M B A L   A N G L E S 1  

ROLL9 PITCHI YAW* X X X e X X  DEG 
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P 6 3 / C S M  - E N T R Y   I N I T I A L I Z A T I O N  
PROGRAM 

CMC D I S P L A Y S   P 6 3  

VU6 N54 

BETA XXXeXX DE6 
V I  XXXXX. FPS 
K TO  TARG XXXX-X  (DECitEASINS)  
F D A I :   A T T  RATES<-- DEG/SEC 

ATT  ERRGHS<-- DES 

F D A I  BALL: ROLL = BETA 

YAW = 0 CEG 
P I T C H  = -- DES AT-- 

P64 





0 P64/CSM - POST 0.05 G PROGRAM 

1 ClviC DISPLAYS P64 

SET 0.05 G ENTRY SW TO ON 

2 V06 NO54 

BETA XXXeXX  DEG  (VARIES) 
VI XXXXX. FPS (DECREASING) 
H XXXXX. FPS  (NOMINAL) 
FDAI: ATT ERROHS<--DEG 

ATT  RATES<--DEG/SEC 
BALL  INDICATES  LIFT  VECTDQ. 
DIRECTION 

I 3 P67 
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P 6 7 / C S M  - E N T R Y   F I N A L   P H A S E  
PROGRAM 

LNC D I S P L A Y S  P67 

V O 6   N 7 1  

BETA XXXaXX 3E6 ( V A R I E S )  
CROSS  RANGE  ERR XXXXeX N M  ( N O M I N A L )  
DOWN HANGE  ERR XXXXeX M M  ( D E C R E A S I N G )  

FDAI :   ATT .   ERR<”  DEG / 

A T T  kATES<-- DEG 
B A L L   I i 4 D I C A T E S   D I ; 7 E C T I O N  3 F  
L I F T  VECTOR 

FL V06 N-- V : 1000 F T / S E C  (65000 F T )  
KEL 

dAiubk TO GO XXXXmX NM 
L A T  X X X o X X  DEG 
LONG. X X X o X X  DEG 

M O N I T O R   A L T I M E T E R  

CHUTES DEPLOY 

V 3 3 E  

PO0 





1 

2 

3 

OR 

4 

0 
P74/CSM - LM TRANSFER PHASE 
I N I T I A T I O N  TARGETING PROGRAM 

KEY V37E  74E 

F L  V06 N 

CODE  FOR  ASSUMED T P I  DATA LOAD OOOXX 
CMC  ASSUMED OPTION CODE oooox 
BLANK 

ACCEPT: V33E 
REJECT: V2ZE 

RELOAD OPT.ION CODE 

I F  00001 SELECTED9 
FL  V06  N34  (TIME OF IGI1IITI3N) 

G E T I   ( T P I )  OOXXX. HRS 
0 0 0 X X .  MIN 
O X X e X X  SEC 

ACCEPT: RECORD VALdES 

REJECT: V25E 
V33E (GO TO STEP 4) 

RELOAD DATA 

I F  00002 SELECTED* 
FL  V06  N 

" 

bLAhiK 
E (ELEVATION ANGLE) X X X e X X  DE5 
BLANK 

ACCEPT: RECORD VALilE 
V33E 

REJECT : V22E 
RELOAG DATA 

NOTE: IF F L  V05 N31  
Rl-000-- (NO GETI F3R 

5IVEN E) 

V32E 
ADJUST E 

FL v o 6  N (TRANSFER TIME FR3M G E T I  TO 
INTERCEPT) 

DELTA T TRANS OOXXX. HRS 
0 0 0 X X .  M I N  
0XX.XX SEC 



5 

6 

aH 

7 

ACC€PT: RECORD VALUES 
V33E 

REJECT:  V25E 
HELOAO DATA 

NOTE; I F   F L  V05  N31 
Rl-OOO--(DELTA T TRANS 

GIVES  HYPERBOLIC 
CSM VELOCITY) 

V32E 
READJUST IYPJT  PARAMETERS 

F L  V06 N  (DELTA V ALONG LM LOCAL 
VERTICAL AXES) 

DELTA V X  ( L V )  XXXXIX FPS 
DELTA V Y  (LV) X X X X a X  FPS 
DELTA VZ (LV) X X X X I X  FPS 

RECORD VALUES 
V33E 

I F  OPTION CODE 00001 

F L  VOO N 
" 

BLANK 
E  (ELEVATIOh) 
BLANK 

RECORD VALUE 
V33E (GO T O  STEP 7) 

X X X a X X  DEG 

I F  OPTION CODE 00002 

F L  VOb N34  

GET1 ( T P I )  

RECORD VALUE 
V33E 

F L  V06 N 
" 

DELTA V ( T P I )  
PERIGEE ALT ( T P I )  
DELTA V (TPF) 

RECORD VALUES 
V33E 

O O X X X a  HKS 
0 0 0 X X 1  M I N  
O X X e X X  SEC 

XXXXIX FPS 
X X X X I X  NM 
X X X X - X  FPS 



P 74/CL/CSMZ 

TT I OOXXX. HRS 
O O O X X +  M I N  
0XX.XX SEC 

RECORD VALUES 
SET: LEB CLOCK TO T T I  
SET: ;.IDC CLOCK TO TTI  (OPTIONAL) 
V33E 

9 POSS FL  V06 N 
" 

N  (SINCE  LAST BURN ON P20)  000XX. 
TT I xxaxx MIN-SEC 
BLANK 

ACCEPT: ( I F   T T I  > 16 M I N  AND MA*\EilVER 
PARAMETERS ARE SATISFACTORY 
AND ( A )  T T I c l 7  M I N I  OR (E)) 
P20 I S  NOT I N  PR3CESSg 3R 
( C )  NO MORE MARKS  ARE 
DESIRED AND DESIRE  TO INCOR- 
PORATk PRESENT STATE VECTOR 
I N  COMPUTATIOh) 

REJECT: A. RkSELECT  P74 APjD S L I P  
G E T I   ( I F   T T I c 1 6   M I N  OR I F  
PARAMETERS ARE UNSATIS- 
FACTORY AND T T I e 1 8  % I N )  

G E T I   ( I F  PARAMETERS ARE 
UNSATISFACTO2Y AND T T I  
18 M I N I  

SATISFACTORTI  TT1>17  MINI 
P20  15 IN PROCESS* AND 
MORE HARKS ARE DESIRED) 

SATISFACTORY*  TTIS17  MINI 
P 2 0   I S   I N  PROCESS9 NO 
MARKS  ARE DESIRED9 3UT 
NOT DESIRED TO INC3RPOR- 
ATE PRESENT STARE VECTOR 
INTO COMPUTATION) 

OR B e  RESELECT P 7 4 9  DO  NOT S L I P  

OR C. V E ( I F  PARAMETERS ARE 

OR De V32E ( I F  PARAIYETERS A2E 

10 P20 
OR 

FL  V50 NO7 

R1-00000 (CMC IDLIIvG) 

V37E OOE 





P75/CSM  LM TRANSFER PHASE 
(MIDCOURSE)  TARGETING PROGRAM 

1 KEY V37E  75E 

2 FL YO6 N35  (T IME OF INTERCEPT) 

TT I N 7  OOXXX. HRS 
OOOXXo M I N  
OXXaXX SEC. 

TRANSMIT  VALUE TO LM 
SET L E 5  CLOCK  TO T T   I N T  
SET MDC CLOCK TO TT INT  (OPTIONAL) 
V33E 

3 FL V06 N 

N (SINCE  LAST BUR& OR P20.l OOOXXI NARKS 
” 

TT I N T  XXBXX MIN-SEC 
BLANK. 

I F  TT I N 7  < 20 MIN;  ADVISE  LM TO. 
SELECT P 3 6  AND COMPLETE  RENDEZVOilS 
MAhUALLY I F  TT I N T  > 20 MIN. P 2 0  IS I N  

V E  

I N  ANY  OTHER CASE; V33E 

4 FL V06 N (DELTA V ALONG LM  LOCAL 

PROCESS+ AND  MORE MARKS ARE DESIRED: 

” 

-- VERTLCAL AXES) 

DELTA VX (LVI XXXXIX FPS 
DELTA V Y  (LV) XXXXkX FPS 
DELTA VZ ( L V I  XXXXeX FPS 

RECORD VALUES 
V33E 

5 FL V06 N34 

I GET1  (MID) 

RECORD VALUES 
V33E 

DELTA  V ( R I D )  
TT I 
DELTA V (TPF) 

OOXXXa HR5 
0 0 0 X X .  MIN 
OXXaXX SEC’ 

X X X X I X  FPS 
XXBXX MIN-5EC 
XXXXaX FPS 
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5. GUIDANCE  EQUATIONS 

5. 1 General  Comments 

The CSM GNCS Computer  (CMC)  equations  required  for  Mission  207/208A 
basically  involve  the  following  major  navigation  and  guidance  programs. 

Coasting  Flight 

1. Orbital  Integration  Routine 

2. Rendezvous  Navigation  Routine 
3. Rendezvous  Targeting  Guidance - TPI and  midcourse  correction  maneu- 

4.  Orbital  Navigation  Routine 

Accelerated  Flight 

ve r  s 

1 .  Average G Routine 
2. Rendezvous  Intercept  Maneuver  Guidance 

3. External A V  Maneuver  Guidance 
' 4.  Entry  Guidance 

These  basic  navigation  and  guidance  routines are used  to  make  up  various  programs 
listed  in  Section 4.  The  guidance  routines  proposed  for  Mission 2071208A are   the  
same as those  currently  planned  for  some of the  lunar  landing  mission  phases  unless 

specifically  noted  otherwise  in  the  following  sections. 

The  Basic  Reference  Coordinate  system  used  for  the CSM GNCS guidance  com- 
puter  in a lunar  mission is an  orthogonal  inertial   system  centered at ei ther   the  ear th  
or the  moon.  The  orientation of this  coordinate  system  for  the  207/208A  mission is 
defined  by  the  line of intersection of the  mean  earth  equatorial  plane  and  the  mean 
orbit of the  earth  (the  ecliptic)  at  the  beginning of the  Besselian  year  which  starts 

January 1. 283, 1968. The  X-axis is along  the  ascending  node of the  ecliptic  on  the 
equator  (the  equinox),  the  Z-axis is along  the  mean  earth  north  pole,  and  the  Y-axis 

completes  the  right-handed  triad. In the  207/208A  mission  this  Basic  Reference 
Coordinate  system  will  be  earth-centered.  The IMU stable   member  es tabl ishes  

another  coordinate  system.  The  stable  member  orientation  for  the  various  mission 
phases  will  nominally  be  established  to  minimize  the  possibility of gimbal  lock.  All 
computations  in  the  guidance  equations  presented  in  the  following  sections  are as- 
sumed  to  be  referenced  to  one of these  two  inertial  systems  unless  otherwise  noted. 

5. 2 Coasting  Flight  Navigation 

5. 2 .  1 General  Comments 

The  Coasting  Flight  Navigation  program is used  in all f ree-fal l  

phases of the  Apollo  mission.  The  basic  objective of this  navigation  program 
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is to  estimate  the  vehicle  state  vector  by  an  Orbital  Integration  Routine,  and 

to  update or modify  this  estimated  state by optical  tracking  data,  The  Coasting 

Flight  Navigation  program is common  to  both CSM and  LM  with  the  major  dif- 
ference  being  in  the  type of input  tracking  data  used.  The CSM GNCS uses  
optical  angle  data  from  the  scanning  telescope  (SCT)  and  sextant (SXT), while 

the L M  PGNCS uses   rendezvous  radar  ( R R )  tracking  data.  This  navigation  pro- 
gram  involving  state  update  by  tracking  data is normally  used  during  the  lunar 
orbit  navigation  phase, all LM-CSM  rendezvous  phases,  and CSM return- to-  

earth  aborts  in  the  lunar  landing  mission. 

During  Mission  207/208A  the CSM GNCS w i l l  use  the  Coasting  Flight Nav- ' 

igation  program  to  maintain  estimates of the CSM and LM state  vectors  during 

all free-fall   phases of this  mission.  During  the  rendezvous  phases  which  con- 
stitute  major  flight  objectives,  SCT or SXT tracking  angle  data w i l l  be  used  to 

update  one of the  two  vehicle  state  vectors  in  the  CMC.  The  Orbital  Navigation 
Routine  used f o r  orbital  determination  in  the  lunar  landing  mission is e s sen -  
t ially  the  same as the  Rendezvous  Routine,  and is included  in  the CMC  2071208A 
program.  This  orbital  navigation  concept  involves  tracking  mapped  surface 
landmarks  and is presented  in  Section 5. 2. 7.  

Coasting  Flight  Navigation is accomplished by maintaining  in  the  com- 
puter  an  estimate of the  six-dimensional  state  vector of the  spacecraft .  If r 
and v are the  estimates of the  position  and  velocity  vectors of the  spacecraft ,  
then  the  state  vector x is partitioned as follows: 

- 
- 

- 

A simplified  functional  diagram of the  rendezvous  navigation  program is 

presented  in  Fig. 5. 2-1 .  The  estimated  active  and  passive  vehicle  state  vectors 
are  computed at required  t imes by  integrating  the  equations of motion  with  the 
Orbital  Integration  Routine  which is presented  in  Section 5.  2 .  2. After  tracking 
acquisition  (Section 5. 2. 4),  individual  tracking  parameters  are  sequentially 

processed  to  determine  trajectory  deviations ( 6  r and 6 v), as described  in  Sec- 

tion 5. 2 .  5, to  update  the  estimated  vehicle  state  vector.  The  rendezvous  guid- 
ante modes  for  the  various  maneuvers  outlined  in  Section 5. 3 are  then  based 
upon  the  active  and  passive  vehicle  estimated  state  vectors. 

- - 

The  updating  process  indicated  in  Fig. 5. 2 - 1  involves  computing  an  es- 

t imated  tracking  measurement,  Q, based  on  the  difference  between  the  current 
state  vector  estimates.   This  estimated  measurement is then  compared  with 
the  actual  tracking  measurement Q (optical  angles  in  the CMC ) to   form  the 
measurement  deviation 6 Q. A statistical weighting  vector, - a, is generated 

R 
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f rom  a-pr ior i   s ta t is t ical  knowledge of nominal  trajectory  uncertainties  and 

tracking  performance,  plus a geometry  vector, b, determined by the  type of 
measurement  being  made.  The  weighting  vector a, is defined  such  that a 

statistical  optimum  linear  estimate of the  state  deviation, 6 x, from  the  esti-  
mated  trajectory is obtained  when  the  weighting  vector is multiplied by the 

measurement  deviation 6 Q. 

- 
- 

- 

A tracking  alarm  cri terion is used  during  rendezvous  navigation  as a 
check  on  the  magnitude of state  vector  corrections  determined  from  l ine-of- 

sight  tracking  data.  This  alarm  criterion is used in both  the CMC and LGC. 
If the  magnitude of both  the  estimated  position  and  velocity  deviations, I d r  - 1, 
and I6v - I , determined  in  the  Measurement  Incorporation  Routine is less   than 
a preset  tracking  alarm  level,   the  vehicle state vector is automatically  updated 

by the  computed  deviation dx and  no  special  display is given  the  astronaut  other 

than  the  tracking  measurement  counter, N, is increased by  one. If the  magni- 

tude of either of the  computed  position o r  velocity  deviation is la rger   than   the  
tracking  alarm  levels,  the  state  vector is not  updated  and  the  astronaut is a- 
lerted  to  this  condition  by a flashing  verb noun combination  with  the 6 r  and dv 
displayed. In this  case  the  astronaut  should  recheck  the  optical  tracking  and 
make  sure  he is tracking  the LM. Under  certain  conditions it is possible  to 
mistake a s t a r   f o r  LM  reflected  sunlight  and it may  take a period of a few 

minutes  to  determine  the  LM  target  by  watching  relative  motion of the  target 
and star background.  After  the  line-of-sight  has  been  verified,  and  tracked 
with  another set of optical "MARK" data,  the  astronaut  has  the  option of com- 

manding a state vector  update i f  the   t racking  a larm is again  exceeded, o r  to 

repeat  further  optical   checks  before  incorporating  the  tracking  data.  If the 
astronaut  cannot  determine  the L M  target due to  no positive  acquisition  (bright 
background,  etc).  he  can  exit  the  routine  and  try  to  achieve  tracking  conditions 

at a latter  t ime. 

- 

It  might  be  noted  that  the  tracking  alarm  criterion  was  incorporated  in 
the  Rendezvous  Navigation  Routine so that  the  astronaut  would  be  alerted  to  the 
fact  that  the  magnitude of one o r  both  components of the  state  vector  update is 

larger  than  normally  expected,  and  to  prevent  the  estimated  state  vector  from 
automatically  being  updated  in  such  cases  unless  specifically  commanded  to do 

so by the  astronaut.  The  tracking  alarm  level  beyond  which  updating is s u s -  

pended is primarily  chosen  to  avoid false acquisition  and  tracking  conditions. 
As  previously  mentioned,  this  condition is possible  in  the CSM i f  a star is 
tracked by mistake  instead of the  LM  reflected  sun  light,  and  it is therefore 

possible  for  the  alarm  level  to  be  exceeded  in  such  cases  even  though  the es-  
t imated  state  vector is essentially  correct,   I t  is also  possible  for  the  state 
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vector  update  alarm  level  to  be  exceeded  after  correct  init ial   acquisit ion  and 

t racking  in   the  case  where a poor  estimate of e i ther   the CSM or LM  exists. 
In  this  case  the  astronaut would  have  to  command  the  initial  state  vector  update, 
after  which  the alarm level  would  seldom,  be  exceeded  during  the  remainder 

of the  rendezvous  phase. It should  be  noted that this  statement is only  true if 

the  powered  maneuvers of the  rendezvous  phase  are  used  to  update  the  estima- 

ted  state  vector  by  the  Average G Routine  in  the  case of the CSM being  the  ac- 
tive  vehicle, o r  by a DSKY entry of the  maneuver AV if the L M  is the  active 

vehicle. 

The  actual state vector   a larm  levels   used  in   Mission 207 /208A depends 
upon  the  following  factors: 

1) Expected CSM and LM state  vector  uncertainties  for  the  three  ren- 
dezvous  mission  phases. 

2) Initial w matrix  values 

3) Tracking  performance  factor LY of the  Measurement  Incorporation 2 
_. 

Routine 

A s  indicated in Fig,  5. 2 - 1  one of the  two  vehicle  state  vectors  can  be 

updated  by  the  tracking  measurements.   This  mode is an  astronaut  option  and 

wi l l  be  based  primarily upon  which  vehicle  has  the  most  accurate  initial  state 
vector  estimate,  and  which  vehicle is controlling  the  rendezvous  maneuvers. 
The  vehicle  state  vectors  are  updated  by a powered  flight  navigation  routine 
(Average G Routine of Section 5. 4. 2) on the  vehicle  actively  controlling  and 
performing  the  rendezvous  maneuvers.  The  passive  vehicle  estimate of the 
active  vehicle  state  vector is updated  by  astronaut  keyboard (DSKY) inputs of 
the  active  vehicle  maneuvers  received  over  the  vehicle  voice  link.  The  passive 

vehicle  then  continues  to  process  tracking  data  to  update  this  state  vector. 
This  procedure is desired  in  order  to  maintain  the  most  accurate  estimate of 
vehicle  state  vectors at all t imes  during a rendezvous  phase. 

The  parameters   required to  initialize  the  rendezvous  navigation  program 

of Fig. 5. 2 - 1  for   the CMC are  the  ini t ia l  LM  and CSM state  vectors  with  their  
respective  init ial   covariance  matrices.   The  init ial   covariance  matrices  are 
prestored as diagonal  matrices  and  are  modified  in  form  to  an  error  transi-  
tion  matrix, W(t), as  defined  in  Section 5. 2.   2.  The  basic  input  to  the CMC 

rendezvous  navigation  program is SCT or  SXT tracking  angle  data  indicated 
by  the  astronaut  by  optics  "Mark"  inputs  to  the CMC  when  the  optical  reticle 
has  been  centered  on  the LM target.   The  primary  output of the  Rendezvous 
Navigation  program is estimated LM and CSM state  vectors.  
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The  basic  coordinate  system in which  the  Coasting  Flight  Navigation 

program is referenced is the  Basic  Reference  Coordinate  System  described 

in  Section 5. 1.  

The  Coasting  Flight  Navigation  programs  consist of a Rendezvous  Navi- 

gation  Routine  (Section 5. 2 .   5)  and  an  Orbital  Navigation  Routine  (Section 5. 2 .  7 ) .  
These  two  routines  both  use  the  Orbital  Integration  Routine  (Section 5. 2 .  2 )  and 

routines  have  been  designed  for  both  six  and  nine  dimensional  vector  and  ma- 
tr ix  operation.  The CMC Rendezvous  Navigation  Routine  uses  six  dimensions, 
three  for  posit ion  and  three  for  velocity,   since  no  estimate of optical  tracking 
biases  is required.  The  nine-dimensional  capability is required  in  the CMC 

for  lunar  orbit  navigation  since  landmark  bias  uncertainties  must  be  estimated 
to  achieve  desired  landing  CEP  objectives,  and  to  compensate  for  lunar  coor- 
dinate  and  radius  biases  which  affect  lunar  landing  maneuver  propellant  re- 
quirements.  Since  nine-dimensional  capability is currently  required  in both 

CMC  and  LGC, a commonOrbita~  Integration  Routine  and  Tracking  Measurement 
Incorporation  Routine  are  used  which  have  six-  and  nine  -dimensional  modes. 

The  navigation  program  and  subroutines  presented  in  this  section  are 

the  same as those  planned  for  the  lunar  landing  mission  except  for  necessary 
rescaling  and  considerations of gravitational  perturbations. 

The CMC Orbital  Navigation  Routine of Section 5. 2.  7 is the  nine-dimen- 
sional  concept  previously  mentioned  and  differs from previous  flights  involv- 

ing  orbital  navigation (204  and  205) in  that   landmark  bias  uncertainties  are 
estimated  along  with  the  normal  state  vector  deviations.  The  basic  concept 

is the   same as that of the  Rendezvous  Navigation  Routine  for  Fig. 5. 2 - 1  ex-  

cept  that  optical  measurements are made to a surface  landmark  ra ther   than  to  
an  orbiting  vehicle. 

5. 2 .  2 Orbital  Integration  Routine 

During all coasting  phase  navigation  procedures,  an  extrapolation of 

position  and  velocity  by  numerical  integration of the  equations of motion is 
required.  The  basic  equation  may  be  written  in  the  form 

(5. 2. 1) 

where He is the  gravitational  constant of the  earth  and a (t)  is the  vector  ac- 
celeration  which  prevents  the  motion of the  vehicle (CSM or  LM) from  being 
precisely a conic  with  focus at the  center of the  earth.  The  Orbital  Integra- 
tion  Routine  has  two  modes,  One is re fer red   to  as a conic  integration  mode 

“d 
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in  which  the  disturbing  acceleration, %(t) of Eq. (5 .2 .  l),is se t   to  zero.  The 

second,  and  more  common,  mode is referred  to  as  the  precision  integration 
mode  in  which  the  effects of the ad(t) are  included as indicated  in  the  above 

equation. 

Encke's Method 

If a d  is small  compared  with  the  central  force  field,  direct  integration 

of Eq. (5. 2. 1) is inefficient,  Therefore,  the  extrapolation  will  be  accomplished 

using  the  technique of differential  accelerations  attributed  to  Encke. 

- 

At t ime to the  position  and  velocity  vectors ro and v o  define  an  oscula- 

ting  conic  orbit.  Position  and  velocity  in  the  conic  orbit are calculated  from 

(5. 2. 2) 

where 

2 
2 vo 

" o = -  - - 
r~ pe 

and x is determined as the  root of Kepler's  equation  in  the  form 
. .  

+ (1 - roc!,)) F2 + rox 1 

(5. 2 .  3)  

(5. 2.4)  
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In the CMC Orbital  Integration  Routine,  the  functions  S(x)  and  C(x)  represented 

by  infinite  series  in Eq. (5. 2 .  3) are   approximated by functions of polynomials 
with  an  accuracy of 2 6  bits   for  the  full   range of x. 

A Newton iteration  technique is used  to  solve Eq. (5. 2. 4) €or the  variable 

x after  the  determination of an  es t imate   accurate   to   third  order   in   t ime.  

Let T be  the  current  value of T (general ly   one-half   t ime  s tep  less   than 1 
7) .  If rl ,  v l ,  and x are   the  values  of f cOnf  -con, 1 V and  x,  respectively,  at 

T1 then a trial value of X(?) is obtained  from 

where 

M 

'1 

(5. 2. 5) 

(5. 2. 6 )  

The  iteration  procedure is accomplished by using  Eq. (5. 2.  4) to  compute 
7(xt) .   The  result  is compared  to  the  desired  value of 7; and, if required,  a 

new trial value of x is given  by 

(5. 2 .  7 )  

where 

Because of the  excellent  initial  approximation  provided  by Eq. (5.  2 .  5), it   has 

not  been found necessary  to  compute  Eq. (5. 2.  7) more  than  once  (and f re -  
quently  it is not necessary at a l l )   in   o rder   to  ctbtain a value of T - ?(X ) which 
is less  than  the  given  tolerance  level.  

t 

The  true  position  and  velocity  vectors wi l l  deviate  from  the  conic  posi- 

tion  and  velocity  since ad is not  zero.  Let 

(5 .  2 .  9 )  
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where  6(t)  and  v(t)  are  the  position  and  velocity  deviations  from  the  conic.  The 

deviation  vector  6(t)  satisfies  the  differential  equation 
- - 

- 

subject  to  the  initial  conditions 

where 

(5.2.  10) 

(5.2. 11) 

(5.2.12) 

The   f i r s t   t e rm on the  right-hand  side of Eq. (5. 2 . 1 0 )  mus t   remain   smal l ,  
i: e. of the   same  order  as a (t), i f  the  method is to  be  efficient. A s  the  devi- 
ation  vector  6(t)  grows  in  magnitude,  this  term  will  eventually  increase  in  size. 

Therefore,   in  order  to  maintain  the  efficiency of the  method, a new osculating 
conic  orbit  should  be  defined by the  total  position  and  velocity  vectors - r ( t )   and  

4 
- 

- v(t) .   The  process of selecting a new conic  orbit  from  which  to  calculate  de- 
viations is called  rectification. When rectification  occurs,   the  init ial   condi- 

tions  for  the  differential  equation  for - 6(t) .are   again  zero.  

Disturbing  Acceleration 
In ear th   orbi t   the   form of the  disturbing  acceleration is 

-d -ob1 a = a  (5.2. 13) 

where a is the  gravitational  anomaly  arising  from  the  non-spherical  shape 

of the  earth. 
"O b1 >;< 

The  oblateness  acceleration is given  by 

where 
Pa (cos 4 )  = 3 cos 4 

P&os 4) = 7.J 1 (7 cos 4 P; - 4P;) 

P$ (cos 4) = (15 cos 4 - 3) 1 2 

I I I 

P5 (cos $ )=T  (9 cos 4 P4 - 5P3)  1 

(5.2. 15) 

aACmospheric 
MSC request,  

drag  accelerations  have  been  deleted  from  this  program  upon 
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are   the   der iva t ives  of Legendre  polynomials, 

cos c#l = 2,' u -Z (5. 2 .  16) 

and J2, J3, J are the  coefficients of the  second,  third,  and  fourth  harmonics 
of the  earth's  potential  function.  The  vectors y r  and u a r e  unit  vectors  in 

the  direction of r and  the  polar  axis of the  earth,  respectively. 
-2 

- 
Erro r  Transit ion  Matrix 

The  position  and  velocity  vectors as maintained  in  the  computer  are  only 

est imates  of the  t rue  values ,  A s  part  of the  navigation  technique, it is neces- 
sary  a lso  to   maintain  s ta t is t ical   data   in   the  computer   to   a id   in   the  processing 
of navigation  measurements, 

If E ( t )  and   q( t )   a re   the   e r rors   in   the   es t imates  of the  position  and  velo- - - 

In certain  applications it becomes  necessary  to  expand  the  state  vector 
and  the  correlation  matrix  to  more  than  six  dimensions so as to  include  esti-  
mation of biases  in  landmarks for the CMC during  orbit  navigation  and  rendez- 
vous  radar   t racking  biases   in   the LGC  during  the  rendezvous  navigation pro-  
cedure,  F o r  this  purpose a nine-dimensional  correlation  matrix is defined as 

follows 

w h e r-e 

(5, 2. 18) 
__.._.._..I..- ,^ ""_ 

the  components of the  three-dimensional  vector /3 are t h e   e r r o r s  in the - 
est imates  of t h ree   b i a ses ,  

In  order  to  take full advantage of the  operations  provided  by  the  interpre- 
ter in  the  computer,   the  correlation  matrix w i l l  be   res t r ic ted  to   e i ther   s ix  o r  
nine  dimensions. If, in  some  navigation  procedure,  only  one o r  two  biases 
are   to   be  es t imated,   then a sufficient  number of dummy  variables w i l l  be  
added  to  the  desired  seven- o r  eight-dimensional  state  vector  to  make it 
nine-dimensional. 
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Rather  than  use  the  correlation  matrix  in  the  navigation  procedure,  it is 
more convenient  to  utilize a matrix  W(t),  called  the  error  transition  matrix, 
and defined  by 

E(t)  = W(t)  W(t) T (5.2.19) 

Extrapolation of the  nine-dimensional  matrix W(t )  is made  by  direct nu- 
merical  integration of the  differential  equation 

where G(t)  is the  three-dimensional  gravity  gradient  matrix and I and 0 a re  
the three-dimensional  identity and zero  matrices,  respectively. If the W 
matrix is partitioned as 

then, 

W 

i =  0 , L .  . . , 8  

(5. 2 .21 )  

(5. 2 . 2 2 )  

The  extrapolation  may  be  accomplished  by  successively  integrating  the  vector 
differential  equations 

The  gravity  gradient  matrix  G(t)  for  earth  orbit is given  by 

(5. 2. 23) 

(5. 2. 24) 
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Thus,if D is the  dimension of the  matrix W(t) for  the  given  navigation  proced- 
ure,  the  differential  equations  for  the Xi(t) vec tors   a re  

n I 'I 

where   u r ( t )  is a unit  vector  in  the  direction of r(t). - - 
Numerical  Integration Method 

The  extrapolation of navigational  data  requires  the  solution of a number of 
second-order  vector  differential  equations,  specifically  Eqs. (5.  2.10) and 
(5. 2.25) ~ These   a r e  all special   cases of the  form 

d2 2 x = YY> t) (5. 2. 26)  

Nystrom's  method is particularly  well  suited  to  this  form  and  gives 

an  integration  method of fourth-order  accuracy. The second-order  system 
is written 

a 
= z 

and the  formulae are summarized  below 

k = f(xn +Z 1 zn A t  + g 1 sl (At) 2 , tn + 2- 1 A t )  -2 

k = f(x f z  At -t kz (At)2,  tn + At) -3 - n "n 

1 
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0 
For efficient  use of computer  storage as well as computing  time  the corn- 

Putations are  performed  in  the following order. 

a) Equation  (5.2.10) is solved  using  the  Nystrom  formulae,  Eq. (5. 2. 28). 
It is necessary  to  preserve  the  values of the  vector r at t imes tn, tn+At/2,  
tn+At  fo r  use in the  solution of Eqs. (5. 2. 25) .  

b) Equations  (5.2.25)  are  solved  one-at-a-time  using  Eqs.  (5.2. 28) 
together with the  values of r which resulted  from  the first step. 

- 

- 
The  variqble At is the  integration  time  step and  should not be confused 

with 7, the  time  since  rectification.  The  maximum  value  for A t  which can  be 

used for precision  integration  in  earth  orbit and still  retain  sufficient  accu- 
racy is 270 seconds. If rectification  does not occur  for  several   t ime  steps,  
then  the  value of 7 will  be several   t imes 270 seconds. In the  conic  integra- 

, tion  mode, 7 and A t  a r e  equal,  and  the  integration is accomplished  in one 

step  using  Eq, (5. 2, 2) through (5. 2. 8). 
Estimates of the  state  vectors of two vehicles (CSM and LM) will  be 

maintained  in  the  computer. In various  phases of the  mission it wil l  be r e -  
quired  to  extrapolate a state  vector  either  alone or with an  associated W ma- 
t r ix  of dimension  six o r  nine. 

To  accomplish  all of these  possible  procedures, as well  as  to  solve  the 
computer  restart  problem,  three  state  vectors wil l  be  maintained  in  the  com- 
puter.  Let xc and x be the  estimated CSM and LM state  vectors,  respec- 
tively,  and let  x be a temporary  state  vector. Also, let  the  variable D indi- 

cate  the  dimension of the W matrix, and let 

-L 
- 

D =  0 (5. 2. 29)  

denote  that  the  state  vector  only is to  be extrapolated.  Finally,  let 

1 for CSM 
v = {  

0 for  L M  
(5. 2. 30) 

indicate  the  appropriate  vehicle. 

The logic for the  Orbital  Integration R.outine is shown i n  Figs. 5. 2-2 

1' and 5. 2-3 .  In these  figures  the  state  vector is being  integrated  to  time t 
The  value of A t  for each  time  step is either Atmax (270 seconds) o r  the  total 
time-to-go,  whichever is smaller,  The  integration is terminated when  the 
computed  value of A t  is less  than  et ( 3  cs. ). 

5. 2.  3 Tracking  Measurement  Incorporation  Routine 

Periodically it is necessary  to  update  the  position  and  velocity of the 
vehicle by means of navigational  measurements as outlined  in  Fig. 5. 2-1.  
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9 START 

Note: The diamond symbol 
used  in  al l   f igures of this re -  
port   represents a question or 
decision  logic  operation. I No I 

t 
At = MIN(tl  -t, Atmax) 

INTEGRATE  STATE  VECTOR x - (t) 
ONE TIME STEP TO t + At 

YES 
tiL = ti 

I No 

- 

1 
INTEGRATE D-DIMENSIONAL W MATRIX 

ONE TIME  STEP  TO t + At 

Fig. 5. 2-2  Simplified  Orbital  Integration  Routiqe  Logic  Diagram 
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Fig. 5. 2-3 Orbital  Integration  Routine  Logic  Diagram 
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At the  t ime a measurement  is made,  the  best  estimate of the  s ta te   vector  of 
the  spacecraft  is the  extrapolated  estimate  maintained  in  the  computer,  de- 

noted  by X I .  The first six  components of x '   are   the  components  of the  esti-  
mated  position  and  velocity  vectors. If biases  are  being  estimated,  then  the 
state  vector  will  be of nine  dimensions  and w i l l  have  the  bias  estimates as 
its last three  components.   From  this state vector   es t imate   i t  is possible  to 
determine  an  es t imate  of the  quantity  to  be  measured. When the  predicted 
value of this   measurement  is compared  with  the  actual  measured  quantity, 
the  difference is used  to  update  the  indicated  state  vector as well as its a s so -  
ciated W matrix  in  the  computer.  

- - 

Before  the state vector  and W matrix are updated,  the  components of 
the  state  vector  deviation estimate 6x is compared  with  present  alarm  levels 

as described  in  Section 5. 2. 1. In the CMC Rendezvous  Navigation  Routine, 
the  astronaut is alerted  to a larger  than  expected 6x - by a flashing  verb-noun 
combination. In the  case  in  which  the s tah  vector  deviation  exceeds  the 

tracking  alarm  level  the  astronaut  should  repeat  the  optical   measurement  be- 
fore  incorporating  the  result ing 6x - as an  update  to  the  state  vector.   l 'his 
particular  program  operation was incorporated  to  avoid  false  optical  tracking 
since  the  LM  target  can  appear as ei ther  a flashing o r  steady  light  depending 
upon the  degree of reflected  sunlight. In the  case of the CMC Orbital  Naviga- 

tion  Routine  involving  optical  sightings  against  surface  landmarks,  the  posi- 
tion  and  velocity  components of the  deviation 6x - are  displayed  to  the  astronaut 
and are not  used  to  update  the  orbital  state  vector  until  approved  by  the as- 
tronaut  by a keyboard  entry  to  proceed. 

- 

Associated  with  each  measurement is a geometry  vector b, which is of 
the  same  dimension as the W matrix,   and.also a mean-squared  a-pr ior i   es t i -  
mat ion   e r ror  Q based  on  the  navigation  measurement  tracking  performance. 

The  procedure  for  incorporating a measurement  into  the  estimate is as follows: 

- 
_- 

2 

a) Compute a D-dimensional z vector  from - 

- z = W f T b  - (5.   2.  31) 

where W '  is the  error  transit ion  matrix  associated  with X I .  The  initial 
e r ror   t rans i t ion   mat r ix  W used  in  this  equation is prestored as a diago- 
nal  matrix as previously  mentioned  in  Section 5. 2 .  1. This   ini t ia l   error  
transit ion  matrix is used  the first t ime a measurement is to  be  incor- 
porated at the start of a rendezvous  phase, o r  for  the first measurement  

after a state  update  has  been  received  from  the  Mission  Ground  Control 
Center  over  the  data  uplink  or  communication  link. 

- 
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b)  Compute  the  D-dimensional  weighting  vector w from - 
U T  = 1 - ZT WIT - 

z +CY 
2 2 -  

c)  Compute  the  state  vector  deviation  estimates  from 

(5. 2. 32)  

6 & = 2 S Q  (5. 2. 33) 

where 6Q is the  difference  between  the  value of the  quantity  actually 
measured and the  expected  value  based on the  original  value of the 
estimated  state  vector - X I .  

d) If the  data  pass  the  validity  test,  update  the  state  vector and the 
W matrix by 

(5.  2. 34) 

(5. 2. 35) 

In order  to  take  full  advantage of the  three-dimensional  vector  and  matrix 
operations  provided  by  the  interpreter  in  the  computer,  the  nine-dimensional 
W matrix wi l l  be  stored  sequentially  in  the  computer as follows 

Now, define  the  three-dimensional  matrices 

so that 

w =  

0 .  .. W8 = [ w _ 2 q  ( 5 .  2. 36)  

W2T ' 

WgT 

W8T 

(5.2. 37) 
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Let the  nine-dimensional  vectors 6x, b, i ~ ,  and z be  partitioned as follows: 
" -. 

Then,  the  computations  shown  in  Eqs. (5.  2.31) through (5. 2.35) are performed 
as follows,  using  three-dimensional  operations, 

P = l / (  1 2 j  
j = O  

-.I z .  +2) 

UT = P C  Ej w'3i+j T 
-1 

j =O 

SX. = SQ w. 
-1 -1 

i =  O , l , . .  ., 3 -  1 
D 

(5.  2 .  39) 

i = 0,1, ..., D 
3 - 1  

i = O , 1 ,  ..., D - 1 

j = 0,1, ..., D 
3 - l  

The  Tracking  Measurement  Incorporation  Routine is divided  into  two 

parts,  INCORP1  and  INCORP2.  The  method of using  these  two  subroutines is 
i l lustrated  in  Fig.  5. 2-4.  

5 . 2 . 4  CSM Preferred  Tracking  Atti tude  and  Tracking  Acquisit ion 

During  mission  phases  involving  rendezvous, CSM SXT tracking  data of 
the  LM  are  used  in  the  Rendezvous  Navigation  Routine  (Section 5. 2.  5)  and 
Tracking  Measurement  Incorporation  Routine  (Section 5. 2 .  3)  to  update  either 
the CSM or  LM state   vectors  as outlined  in Fig. 5. 2-1 .  In order  to  init ially 
acquire  and  maintain SXT tracking  in  the CSM, and R R  tracking  in LM, the 
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,PROGRAM 

I G p u t F G e o m e t r y  Vector b and 
~~ 

- 
Measurement  Deviation SQ. - 
Set  Dimension D and Apriori  Variance a . 2 

I . 
Valid Alternate 

Procedure 

4 Call INCORP2 

IC 
CONTINUE 

INCORPl 
Compute  State  Vector 
Deviation  Estimate Sx 

RETURN 

INCORP2 
Update State  Vector 
and W Matrix I 

I + 
RETURN 

Fig.  5.2-4  Tracking  Measurement  Incorporation  Procedure 
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CSM attitude  must  be  oriented  such  that  the  tracking  line of sight  falls  within 
the  SXT  and R R  transponder  coverage  sectors.  

The  general   routine  used  to  achieve  and  maintain  tracking  conditions  on 
the CSM is il lustrated  in  Fig,  5. 2-5.  With  reference  to  this  figure,  the  es- 
timated  line of sight  between  the CSM and LM is first determined  by  advanc- 
ing  the  two state vectors   to   the  current   t ime  using  the  conic   mode of the  Orbital 
Integration  Routine of Section  5. 2. 2. A preselected  reference CSM vector (o r  
axis) is then  automatically  controlled  to  coincide  with the estimated  line of 
sight.   This  reference CSM vector is chosen  to  be  approximately  in  the  center 
of the  common  coverage  sector of the  optics  and R R  transponder  with  allowance 
for  the  optics  pole  region.  The  reference  vector  currently  considered for this 
function is illustrated  in  Fig.  5.  2-6.  The  vehicle  orientation  about  the  refer- 
ence  axis is not  controlled  by  the  Preferred  Tracking  Attitude  Routine  and  must 
be  corrected  manually  by  the  astronaut i f  it is unsatisfactory.   The  Preferred 
Tracking  Attitude  Routine  does  maintain the CSM reference  vector  alignment  to 
within - + 5' of the  estimated  line of sight  throughout  free-fall  rendezvous  phases. 

The  Automatic  Optics  Designate  routine of Fig, 5. 2-5  drives  the CSM 
optics  to  the  estimated  line-of-sight or pointing  direction.  The  computations 
and  positioning  commands  in  this  routine  are  repeated  once  every  two  seconds 
provided t'ne optics  mode  switch is set to  computer.  The  Automatic  Optics 
Designate  Routine  also is used  in  other  programs  to  al ign  the  optics  to  the 
following  directions: 

a) A specified  landmark  during  orbit  navigation 
b) A specified star during IMU alignment  procedures 

After  the  astronaut  has  identified  the  target  vehicle (a flashing  optical 
beacon  mounted  on  the L M  or a steady  l ight  from LM reflected  sunlight),  he 
switches  the  optics  mode  to  manual  and  centers the  SXT reticle  on  the  target.  
When  accurate  tracking is achieved, a "Mark"  signal is entered by the   as t ro-  
naut  upon  which  the CMC stores  the  measurement  t ime  and all SXT and IMU 
gimbal  angles.  These  data  are  used  in  the  R.endezvous  Tracking  Measurement 
Incorporation  Routine at intervals of one  minute. 

If the  astronaut is unable  to  visually  acquire the LM after  the SXT has  
been  directed  along  the  computed  line of sight,  he  can  call a SXT search  pat-  
tern  commanded by the CMC which  will  drive  the SXT in a three  degree box 
scan  centered  about  the  computed  line of sight as indicated  in  Fig. 5.  2-5. In 
the CMC controlled SXT search  pattern,   the  SXT is initially  positioned  at  one 
point  on  the 3 degree box scan  pattern  and  this  position is maintained  until  the 
astronaut  commands a change  with a DSKY proceed  entry.  The SXT is then 
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advanced by 0 .  75 degrees  along  the  scan  pattern  and  the  operation  repeated 
until  the  scan  pattern is completed. At the  end of each  complete box scan 
cycle,  the  search  pattern is recentered  about  the  computed  line of sight. It 
should be noted  that  the  astronaut  can  also  manually  perform  such a search  
procedure if he  desires  by  placing  the  optics  in  the  manual  mode. In either 
case,   f inal   tracking  and  the  optics  mark  procedure  previously  described is 
performed by the  astronaut  in  the  manual  optics  mode 

In order  to  achieve  desired  accuracy  levels of the  vehicle  state  vector 
using  optical  measurements, it is important  that  optical  tracking  data  used 
in  the  Rendezvous  Navigation  Routine of Section  5.2. 5 be  processed at essen-  
tially  uniform  intervals  over  the  tracking  period.  Uniform  tracking  intervals 
a r e  defined as once  every  minute  throughout  the  phase,  as  opposed  to all t rack-  
ing  data  taken  over a short  period.  The  reason  for this requirement is des-  
cribed  in  Section 5. 2.  5. 

As  previously  mentioned  in  Section 5. 2. 1, CSM optical  tracking is sus-  
pended  during  rendezvous  maneuvers by either  vehicle. If the CSM is the  pas- 
sive  vehicle  and is tracking  the LM for  monitoring  and  possible  abort  retrieval, 
L M  rendezvous  maneuvers  are  voice-linked  to  the CSM as  an  ignit ion  t ime  and 
three  velocity  components  in a L M  local  vertical  coordinate  system,  and  then 
entered  as  updates  to  the LM state  vector  in  the CMC.  Upon receipt of these 
data, SXT tracking  and  data  processing  should  be  suspended  until  after  the  man- 
euver. 

5. 2. 5 Rendezvous  Navigation  R.outine 

During  rendezvous  phases  it is necessary  to  update  either  the LM or CSM 
state vectors  be  means of SXT sightings of the LM from  the CSM. In this  type 
of optical  tracking, no tracking  angle  bias  estimation is done  in  the  navigation 
procedure  since  the SXT biases  with  respect  to  the IMU a r e s m a l l  enough to be 
neglected. 

After the preferred CSM attitude is achieved  and  optical  tracking  acquisi- 
tion  established  (Section 5. 2. 4), the  astronaut  enters  tracking  data  to  the CMC 
by  pressing  the  optics  Mark  button  when  he  has  centered  the SXT ret ic le  on  the 
LM. A s  described  in  the  preceding  Section 5. 2. 4, the  t ime of this  tracking 
m a r k  and  the  two  SXT  and  three IMU gimbal  angles  are  stored  in  the  computer,  
From  these  angles  the  measurement  unit   vector,   along  the CSM-LM line 
of sight is computed.  The  um  computation  determines  the  line of sight  'unit 
vector  in  the  Basic  Reference  Coordinate  system  from  the  optics  shaft  and 
trunnion  angles  and  the IMU gimbal  angles by 

-Urn, 
- 

u = [REFSMMAT] [ NBSM] uNB - m  
T (5. 2. 40) 
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where  [REFSMMAT]  and [ NBSM] are   t ransformation  matr ices  and 3NB is the 
line of sight  vector  in  navigation  base  coordinates.  All  terms of Eq. (5. 2 .  40) a r e  
defined  in  Section 5.  5. 2 . ,  Eqs. (5. 5. 5) and (5. 5. 6 ) .  

This  tracking  measurement is mathematically  equivalent  to  the  simultan- 
eous  measurement of the  angles  between  the  LM  and  two stars. Thus,  the  data 
are  incorporated  by  selecting  two  convenient  unit  vectors  (fictitious star direc- 
tion),converting  the  data  to  two  star-LM  measurements,  and  using  the  Tracking 
Measurement  Incorporation  Routine  twice,  once for each  measurement,   These 
two  unit  vectors  are  perpendicular  to  each  other  and  to  the  line of sight so a s  
to  maximize  the  accuracy of the  procedure. 

The SXT tracking  angle  measurement  processing  procedure is then as 
follows : 

a)  Use  the  Orbital  Integration  Routine  to  extrapolate  the  estimated 
CSM state  vector,   the  estimated LM state  vector,  and  the  six-dimen- 
sional W matrix  associated  with  the  state  vector  being  updated  to  the 
t ime of the  mark,  obtaining :Ic, xtc, r' v'  and W'.  
b) Init ialize  the  star  vector u to a convenient  unit  vector as described 

"L' -L 
"s 

in  Section 5. 2. 7 .  
c) Compute  the  estimated CSM-LM line-of-sight  vector  from 

= 2°C 
d) Compute a fictitious star direction  from 

(5. 2 .  41) 

-S 
u = UNIT (GL X is) (5. 2 .  42) 

Note that  this is a convenient  vector  since it makes  the  estimated  angle 
equal t o  90'. 

e)  Then 

(5. 2. 43) 

(5.2.44) 

D = 6  (5. 2 .  45) 

The  upper or  lower  sign  in Eq. (5. 2. 44) is selected  depending  on  whether 
the CSM or  LM state  vector,   respectively,  is being  updated. 
f )  Incorporate  the  fictitious  star-LM  measurement  using  the  Measure- 
ment  Incorporation  Routine 

g)  Let 
x' = 2 (5. 2.  46) - 
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h)  Repeat  steps c through f for  the  second  angle  to  be  processed, 

The  computational  logic  diagram  for  the  R.endezvous  Navigation  Routine is il- 
lustrated  in  Fig.  5. 2-7. 

The  tracking  angle  measurement  procedure  outlined  above is repeated 
at one  minute  intervals  throughout  the  rendezvous  phase. A s  indicated  in  Sec- 
tion  5. 2 .  4, it is important  that  the SXT tracking  data  be  taken  over  as  large  an 
angular  sector  in  inertial   space  swept out  by the  line of sight  as  possible  to 
achieve  desired state vector  accuracy  levels.   This  essentially  uniform  track- 
ing  operation is required  since  the SXT tracking  angles  providg  information 
bnly  in  directions  normal  to  the  line of sight as indicated by Eq.  (5. 2.  44), 

and  the  line of sight  must be  allowed  to  rotate  in  inertial  space  to  achieve  more 
complete  update  data. 

L 

' The  statistical  measurement  parameter cr 2 for SXT rendezvous  tracking 
performance  used  by  the  Tracking  Measurement  Incorporation  Routine  in  Eq. 
(5. 2.  32) to  determine  the  weighting  vector, o, has  been  assigned a value of 
0. 04 mr for each SXT axis   in  GNCS rendezvous  simulations, 

- 

The  option of which  state  vector is to  be  updated by the SXT tracking  data 
is controlled  by  the  astronaut  as  described  in  Section 5. 2 . 1  and  illustrated  in 
Fig.  5. 2-1.  This  decision  will  be  based  upon  which, if either,  state  vector is 
the  most  accurate  and  upon  which  vehicle is performing  the  rendezvous. 

The  only  other  astronaut  operation  required  for  the CMC R.endezvous 
Navigation  Routine is for  the  case  in  which  the LM is performing  the  rendez- 
vous  maneuvers.  The LM AV maneuvers are voice-linked  to  the CSM and 
entered  via  the DSKY by  the  astronaut  to  maintain  an  accurate  estimate of the 
LM state  vector.   SXT  tracking  measurements  are not  incorporated  during 
LM maneuvers as described  in  Section 5. 2. 4. Also, the W matr ix  is reinit ial-  
ized  after  each  maneuver. 

used  to  compute  required  rendezvous  maneuvers as described  in  Section 5 . 3 ,  

The  Rendezvous  Navigation R.outine described  in  this  section is s imilar  

- 

The  two state vectors  updated  by  the  Rendezvous  Navigation  Routine  are 

to  the  orbital  navigation  conceptwith  the  exception  that  surface  landmarks  rather 
than  the LM are tracked  with  the CSM optics.  The  Orbital  Navigation  Routine 
is described  in the following  Sections 5 .  2 .  6 and 5. 2 .  7. 

5 .  2.  6 Latitude-Longitude  Routine 

This  routine is used  with  the  Orbital  Navigation  Routine of Section 5. 2.  7. 

For  display and  data  load  purposes,  the  latitude,  longitude,  and  altitude of a 
point near  the  earth is more  meaningful  and  more  convenient to use  than  the 
components of the  inertial  position  vector.  The  Latitude-Longitude  Routine is 
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used  to  transform  in  either  direction  between  an  inertial   posit ion  vector and 

the  corresponding  geodetic  latitude,  longitude,  and  altitude  above  the  Fischer 
ellipsoid  at a specified  time, 

Let - r be  the  inertial  position  vector  and  the  specified  time  (GET)  be t. 
Then,  the  angle  about  the  Z-axis  between  the  X-axis  and  the  Greenwich  meri- 
dian is given by 

where AZO is the  angle  between  the X axis  and  the  Greenwich  meridian  at  mid- 

night just   prior .to 1 July of the  year  preceding  the  reference  Besselian  year,  

tephem 
zeroed,  and o is the  angular  velocity of the  earth.  

is the  elapsed  time  between 1 July  and  the  time  that  the CMC clock w a s  

Let Ax and A be  small   angles about theX  andY  axes,  respectively,  that 
Y 

describe  the  precession  and  nutation of the  ear th 's  pole. The  vector 

is a unit  vector  along r in a coordinate  system  which  has its Z-axis  coincident 
with  the  true  pole of the  earth. 

- 

The  geodetic  latitude,  longitude,  and  altitude are then  computed  from 

( 5 . 2 . 4 9 )  

Alt = r - re 

r 2  = b2 
e 1 - (1 - b2/a2)   cos2  Lat  

where a and b are  the  semi-major  and  semi-minor  axes of the  Fischer  el l ip- 

soid,  respectively,  and r is the  radius of the  ellipsoid  at  the  given  latitude. e 
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The  routine  has  an  option  in  which  a  constant  (the  radius of the  earth at the 
launch  pad) is used  for re instead of the  computed  value of the  radius of the 

Fischer  ellipsoid. 

Conversely,  let  t,  Lat,  Long,  and  Alt  be  given.  Then 

- (5. 2. 50) 

is a unit   vector  in  the  direction of the  given  position  in a coordinate  system 
whose  Z-axis  coincides  with  ,the  true  pole of the  earth.  The  vector u is t rans-  
formed  to  the  reference  coordinate  system as follows: 

- 

(5. 2. 51)  

Finally, 

The  above  technique,  although  an  approximation,is  sufficiently  accurate 
for low earth  orbit  and is exact at the  surface of the  Fischer  ellipsoid.  The 
angles Ax and  A wi l l  be  included  in  the  pre-launch  data  load  in  erasable  mem- 
ory  and are  considered  constant  throughout  the  flight. 

5. 2. 7 Orbital  Navigation  Routine 

Y 

The  orbital  navigation  concept  implemented  on  Mission  207/208A is that 
planned for  the  lunar  landing  mission.  As  mentioned  in  Section 5 . 2 .  1 this 
concept  involves a nine-dimensional  matrix  operation  in  which  both the vehi- 
cle  state  vector and  the  landmark  position  are  estimated  and  updated  by  opti- 
cal  measurements.  The  general  orbital  navigation  procedure is s imi la r   to  
that of the  Rendezvous  Navigation R.outine  and is presented  in  simplified  form 
in  Fig. 5. 2-8. 
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Mapped  Landmark  Tracking 

If the  landmark  posit ions  are known within a given  accuracy  level,  the 

scanning  telescope is used  for  the  tracking  and  marking  procedure  to  deter- 
mine  the CSM orbit.  As  in  the  Rendezvous  Navigation  Routine,  it  is  the CSM- 

landmark  line-of-sight  vector sm that is obtained  from  the  measurement.  The 

line-of -sight  unit  vector y m  relative  to  the  Basic  Reference  Coordinate  system 
is determined by Eq. (5 .2 .  40) in  the  same  manner as in  the  Rendezvous  Navi- 

gation  Routine. 

Let r a  be  the  inertial  position  vector of the  landmark  at  the  time of 

a mark  obtained  by  means of the  Latitude-Longitude  Routine.  The  procedure 
for  incorporating  the  ' landmark  tracking  data is as  follows. 

a)  Extrapolate  the  estimated CSM state  vector  and W matrix  to  the  t ime 
I of the  mark  by  means of the  Orbital  Integration  Routine. 

b)  Assuming  that it is required  to  include  estimates of the  biases  in  the 
knowledge of the  landmark  coordinates,  the  state  vector is then  defined 
a s  follows 

. (5 .2 .53)  

c)   Ini t ia l ize   the  s tar   vector  u+ to a convenient  unit  vector  given by 

(5. 2. 54) 

If the  above  equation  results  in  computational  difficulty  the  following  vec- 

tor  is   used b 

12s = (0 ,1,0)  (5. 2.  55) 

d)  Compute  the  location of the  landmark  at  the  mark  time t from  the  Lati-  

tude  -Longitude  Routine. 

e) Compute  the  estimated  landmark  line-of-sight  vector  from 

* a   - a  - c  = r '  - (5. 2.  56) 

f )  Compute a fictitious star direction  from 



g) Finally 
S Q  = COS -1 ( s . ? ~ )  - 2  7r (5. 2 .  58) 

(5. 2.  59) 

D = 9  (5. 2 .  60) 

h)  Incorporate  the  f icti t ious  star-landmark  measurement  using  the  Mea- 

surement  Incorporation  Routine. 

i) Let 

" 

x '  = x (5. 2 .  61) 

j )  R.epeat s teps  e through h. 

Using  this  procedure,   up  to  f ive  accepted  marks  to  the  same  landmark  will  
be  incorporated.  At  the  beginning of theorbit  NavigationRoutine a prestored 
nine-dimensional  diagonal  error  transition  matrix,  W(t), is used  to  initialize 
the  Measurement  Incorporation  Routine.  The  statistical  parameter  $used  in 
Eq. (5. 2. 32)  to  determine  the  weighting  vector w for  the  orbital   navigation  pro- 
c e s s  is a function of the  landmark  position  accuracy,  the SCT t racking  accuracy 

- 

- 

(including  landmark  size),  and IMU alignment  accuracy. In lunar  orbit  naviga- 
tion  simulations a Value Of 1. 0 m r   p e r  SCT axis is presently  being  used, 2 + 

In  the 207/208A case  this  parameter  will   have  the  same  value  for  the  earth 

orbital  navigation  simulations. 

At  the  conclusion of the  processing of each  mark,  an  updated  estimate 
of the  landmark  coordinates is obtained  from  the  updated  vector r by 

means of the  Latitude - Longitude  Routine. 
-Q 

The  logic  for  the  Orbital  Navigation  Routine is shown  in  Fig. 5. 2-9. 

During  landmark  tracking  intervals of the  Orbital  Navigation  phase,  the 
vehicle  attitude is under  manual  attitude-hold  control.  The SCT optics is 
automatically  positioned  along  the  predicted  line of s ight   to   the  landmark  se-  

lected  by  the  astronaut  by  the  Optics  Designate R.outine mentioned  in  Section 
5. 2. 4, Final tracking is .done  by the  astronaut  with  the  optics  in  the  manual 
mode  and  accurate  landmark  tracking  identified  by  the  optics  "Mark"  inputs as 
previously  described. 
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5. 2 .  8 Landing  Site  Designation  Routine 

The  nine-dimensional  Orbital  Navigation  Routine  described  in  Section 
5. 2 .  7 provides  the  means of mapping a point  on  the  surface of the  earth  which 
is designated  by a set  of optical  sightings.  This  procedure is that  planned  for 
lunar  landing site designation  during  the  lunar  landing  mission.  The  routine 
may  a lso be  used  for  orbital  navigation  since  the  method  uses  redundant  data 
to  improve  the  estimate of the  vehicle   s ta te   vector   as   wel l   as   the  landmark 
position. 

Assume  that n optical  sightings  have  been  made  against  an  unmapped  land- 
mark.  Let tref be  the  time of the  first  sighting,  and  let u be  the  CSM-landmark 
line of sight  vector  obtained  from  this  measurement. An initial  estimate of the 
landmark  position is computed  from 

- 

where 

(5. 2 .  63 )  

- r is the  estimated  position of the  spacecraft  at  time tref, and re is the  radius 
of the  earth. 

The  landmark  position  estimate  after  the first sighting is then  improved 
by  using  the  Orbital  Navigation  Routine  and  the  data  from  the last n-1 sighting2 
exactly as if the  designated  point were a mapped  landmark,  and r had  been 
calculated  by  means of the  Latitude-Longitude  Routine, 

The  f inal   result  of this  procedure is an  accurate  position  vector  esti- 

ref’  mate  for  the  designated  point  at  time t . and,  in  addition,  an  improvement 
in  the  vehicle  state  vector  estimate. 
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5.3  Rendezvous  Guidance  Program - 
5. 3. 1 General 

The  Rendezvous  Guidance  Program  in  the CMC may  be  used  in  two  modes 
which  in  combination  provide  the CSM with a direct   intercept  trajectory and  the 
midcourse  maneuvers  required  for  rendezvous.  These  two  modes  designated 
pre-TPI  mode  (Terminal  Phase  Initiation)  and  Mid-Course  mode  are  identical 
to  the last two  modes of the  Concentric  Rendezvous  Program  in  the LM Guid- 
ance  Computer  (LGC).  The  automatic  terminal  rendezvous  capability  has  been 
removed  by MSC direction  with  the  understanding  that  this  phase of the  rendez- 
vous  will  be  accomplished  manually. 

All  computations  performed  in  the  Rendezvous  Guidance  Program  use  the 
Basic  Reference  Coordinate  System  defined  in  Section 5. 1. The  equations  are 
the  same as those  used for the  lunar  mission  except  for  necessary  scaling  dif- 
ferences,  certain  physical  constants,  and  considerations of the  gravitational 
anomalies. 

The  program  has a basic  dependence  on  the  state  vector  estimates  which 
are obtained  from  the  navigation  routines  described  in  Sections 5. 2 and 5 .4 .  2. 

In  this  section all references  to  particular  program  numbers (e. g. P 34) 
are  based  on  the  assumption  that   the CSM is the  active  vehicle. If the  as t ro-  
naut  elects  to  make  the LM active,  via  the first DSKY input,  the  only  change is 
the  program  number  selected. Al l  equations  and  program  operations  in  Sec- 
tion 5. 3 are   ident ical   for   these two active  vehicle  modes of operation. 

5. 3 . 2  Pre-TPI  Maneuver (MODE 1) 

This  program  mode  corresponds  to  program  P34 or P 7 4  of Section 4. 

5. 3. 2 .  1 Inputs 

1) Choice of Maneuvering  Vehicle (P34 if CSM, P 7 4  if LM) 
2 )  TPI   t ime  or Elevation  angle 
3)  At of f inal   transfer  trajectory 

- 

(This  t ime is the  transfer  trajectory  time  between  TPI  and  inter- 
cept,  (TPF),  and  does  not  include  the  effects of terminal   rendez-  
vous  maneuvers. ) 

5. 3. 2 .  2 Program  Operation 

The  computational  sequence f x  this  program is illustrated  in  Fig. 
5. 3-1. Lf the  astronaut  wishes to specify  an  elevation  angle  the  follow- 
ing  procedure is necessary.  
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MODE 1 

Inputs 

1 

~ - " "  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Choice of Vehicle 

L M  or CSM 
Elevation  Angle 

-or -  - 

At of Final   Transfer  

r-" I r 
Start  

LMor CSM 

FLAG3 = 0 

" 

' I  

I /  

I I  
' I  

I 
I 
I 

"I 

I 

I 
Advance xA xA zPxp t o  tTpI 

(Perturbations  Included) 

Compute 

L""_ DISPLAY 

-, Compute  TPI  Maneuver @ 
Calculate  Intercept  Trajectory 

RAPS,  AVTpF 

+ 
DISPLAYS 

Fig.  5.3-1  Pre-TPI  Maneuver Mode 
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1) Start  P34 (or P74) with trG option 

2) Input a nominal  TPI  time 
3) Restart   P34 (or P74)  with  the  elevation  angle  option 

The  TPI  time  associated  with  the  desired  elevation  angle  will  then  be 
computed  with  the  following  iterative  technique. 

@ “ TPI Computation 

Both  vehicles  are  advanced  to  the  stored  TPI  time  using  the  precision 

orbit  integration  routine. If the  difference  between  the  true  line of sight  angle 
and  the  input  TPI  angle is greater  than 0. 1 degrees,   the  true  TPI  t ime is then 

calculated by making  successive  co-planar  circular  approximations  to  the  cur- 
rent  orbits  (which are assumed  to  be no more  than 5 degrees  out of plane). 

I The  t ime  error   to   the  t rue  TPI  for   c i rcular   orbi ts  is given  by  the  equa- 

tion: 

TERR = - ARCCOS [ (RA/RP) COS a ]  - Q - 
W P  - WA 

(5. 3. 1) 

where RA, R P  = the  magnitudes of current  vehicle  position  vectors 
(Y = desired  TPI  angle (5. 3. 2 )  

= current  central  angle  between  vehicles 

WA, W P  = the  magnitudes of orbital  angular  velocities 

It  should  be  noted  that  the ARCCOS term  in  the  above  equation  always  gives  rise 
to 2 solutions. If R P  > RA only  one  such  solution is meaningful;  however  when 
RA > RP,  both  solutions are significant. In this  case  the  solution  corresponding 
to  the  shorter  l ine of sight  between  vehicles is selected. 

Both  vehicles are then  advanced  to  the  time  given  by Eq. (5. 3. 3) and  the 
true line of sight  angle  rechecked. 

t~~~ = t~~~ + ‘I.’ERR (5. 3. 3) 

This  process is repeated  until  the  line of s ight   error   becomes  less   than 0.  1 deg. 

An iteration  counter is used  to  protect  against  excessive  iterations.  Whenthere 
is no TPI  time  associated  with  the  elevation  angle,  the  counter w i l l  se rve  as a 

means of initiating a program  alarm which  indicates  that no solution  can  be 

found. 

>!< 
Circled  numbers  in all of Section 5. 3 refer to  the  logic flow diagrams of Fig. 
5. 3-1  and 5. 3-3. 
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@ Elevation  Angle  Computation 

If a TPI   t ime  is one of the  inputs,  both  vehicles  are  advanced  to  that 

time  using a precision  orbit   integration  routine; and the  elevation  angle,  de- 
fined  in  Fig.  5.3-2  which  corresponds  to  the  TPI  time, is computed as follows: 

U 4 3  = UNIT (rA3) 
E ~ / 2  - COS (UA3  LOS) -1 

- - 
If (LOS  vH3) ( 0 ;  E = 7~ - E 

XE = JEI - 7~ 

(5. 3.4) 

(5. 3. 5) 

If X E > O ;   E z X E - 7  (5. 3. 6 )  

Computation of E is accomplished  with  the  above  equations  and  logic. 
@) Computation of Parabolic  Time of Flight 

The  estimate of both  vehicle  state  vectors  along  with  the  At of the  final 
transfer  (an  astronaut  input)  are  used  to  compute  an  intercept  aimpoint  and 
the  maneuver  required  to  hit  this  aimpoint  at  the  desired  time,  Gravitational 
anomalies  are  considered  in  calculating  an  offset  target  to  be  used  by  the 
Lambert  Routine  (See  Section 5. 3. 5) for computing AVTpF. - 

The  position  vector of the  passive  vehicle is advanced  to  the  intercept 
t ime  by the  precision  orbit   integration  routine,  $3 using  the  input trans- 
fe r   t ra jec tory  At. The  intercept  time is given  by  Eq. (5. 3. 7).  

t~~~ = t~~~ + At (5. 3. 7) 

The  aimpoint  for  the  init ial  Ax calculation is the  position  vector of the  pas- 

sive  vehicle  at  t that is T PF’ 

 AIM^ ( t ~ ~ ~ )  = EP TPF r (t 1 (5. 3. 8) 

The  passive  vehicle  velocity  vector at the  intercept  point,  xp(tTpF) is also 

obtained  from  the  Precision  Orbit  Routine  and  stored. 

Before  the  Lambert  Routine is used, a check of the  input   t ransfer  

t ime is made  to  be  sure  that   the  velocity  required is less  than  the  parabolic 
velocity  corresponding  to  the  vehicle  state.  This  check is included  in  the 

Lambert  Routine  (Section 5. 3. 5). If At > tp  the  program  continues,  using 

 AIM, and  the  Lambert  Routine  to  calculate a AV - required  to   intercept   the 

target .  
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1 )  IF  THE  LOS  PROJECTION ON UH I S  POSITIVE: 

2 )  I F  THE LOS  PROJECTION ON U l j  IS NEGATIVE 

a )  WHEN THE LO5 I S  ABOVE  THE  HORIZONTAL 

b) WHEN THE LO5 IS BELOW  THE  HORIZONTAL 
PLANE ~ / 2  < E < rr 

PLANE -r < E < -TI2 

Fig.  5. 3 - 2  Definition of Elevat ion  Angle,E 

5-38 



@ Computation of TPI  Maneuver 

The  state  vector of the  active  vehicle is advanced  to tTpF using  the 

Lambert  solution,  resulting  in rA(tTpF). 
Due to  gravitational  anomalies,   the  active  vehicle wil l  not  intercept  the 

target.  The  position  deviation from the  desired  position [rp(tTpF)] is given 

by 

A new A V  is then  computed  using rAIM (t TPF ), At,  and rA(tTpI) by 
the  Lambert  Routine of Section 5. 3. 5. Using  \he new AV, the  state  vector 

of the  active  vehicle is again  advanced  to  tTpF  to  obtain rA(tTpF) and 

VA(~TPF)* 

- 
- 

63 Intercept  Trajectory  Computation 

Once a A I T p I  has  been  computed  the  technique  explained  in  Section 
5. 3. 8 is used  to  determine  the  pericenter  al t i tude of the  trajectory  estab- 
lished  by  the  TPI  maneuver.  The  relative  velocity at intercept, AXTpF is 

where  xA(tTPF)  and  xp(tTpF)  are  both  determined as previously  described. 

5. 3 .  2 .  3 Nominal  Outputs  (Pre-TPI  Mode) 

1) Elevation  angle o r  TPI   t ime  
2) Magnitude of 

a) *XTPJ 

b, AXTPF 

3) Pericenter  al t i tude  after  the TPI maneuver. 
In addition  to  the  above  outputs  there  are  two  ways  in  which  the 

pre-TPI  mode of the  Rendezvous  Guidance  Program  may  exit. If t he re  
is no  solution  to  the  TPI  t ime  for  the  input  elevation  angle  or i f  At is  

less  than  tp a program  alarm,  described  in  Section 4, w i l l  result .  
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5. 3. 3 Rendezvous  Mid-Course  Maneuvers (MODE 2) 

This  program  mode  corresponds  to  program P35 o r  P75 of Section 4. 
Normally  midcourse  maneuvers,  and  consequently  this  program,  should not 

be  used if  the  time-to-go  to  intercept is less   than  10  minutes. 

5. 3. 3. 1 I n m t s  
1) Choice of maneuvering  vehicle 

5. 3. 3. 2 Program  Operat ion 

The  computational  sequence  for  this  program is il lustrated  in 

Fig. 5. 3-3.  The  objective of this  mode is to   maintain  an  intercept   t ra-  

jectory  with  midcourse  correction  maneuvers so that  the  active  vehicle 

would intercept  the  passive  target  vehicle  at  the  time  and  aimpoint  position 

established  in  the  previous  TPI  mode. 

The  midcourse  mode of the  Rendezvous  Guidance  Program  may  be 

called  up  by  the  astronaut  at  any  time  after  the  TPI  maneuver. When the 
program is initiated  the  number of navigation  measurements  since  the 
last maneuver  and  the  time  to  intercept are displayed.  Based  on  this 

information  and  additional  displays  discussed  in  Section 5. 3.4,  the  astronaut 
may  elect  to  proceed  with a midcourse  correction  maneuver  at  any  point. 

When he  does so the  program  computes  the  midcourse  correction  which 
would take  place 5 minutes  from  the  current  t ime.  The  t ime  delay is the 

per iod  required  to   prepare for a thrusting  maneuver.  To  compute  the 
. midcourse  correction,  both  vehicles  are  advanced  to a point 5 minutes 

from  the  present  t ime  using  the  precision  orbit   integration  routine.   The 
correction  required  to  intercept  the  passive  vehicle is then  computed 
using  the  techniques  described  in 11 of Section 5. 3 .  2. 2. 0 
5. 3.3. 3 Nominal  Outputs 

1) Midcourse  Maneuver AV 
MC 

if midcourse  maneuver is executed ’) a V ~ ~ ~  
5. 3 . 4  Additional  Rendezvous  Displays 

5. 3 .4 .1   P re -Thrus t  

The  nominal  outputs  in  Section 5. 3 a r e  only  those  which  are a direct  

function of the  Rendezvous  Guidance  Program.  Additional  displays  which 
are   presented  in   the  pre- thrust   programs  are   discussed  in   Chapter  4. 
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MODE 2 

Input 

I LM o r  CSM I ++ Start . 
No I Astronaut  Proceed I 

I Advance “rA xA 5 Minutes 1 2 9  
Compute  Mid-Course  Maneuver 

*XMC + 
DISPLAYS 

Fig. 5 .3-3 Mid-course  Correction Mode 



5.3 .4 .2  Range,  Range  Rate,  and 8 

During any  of the  rendezvous  phases of Mission 207/208A and  upon 

astronaut  request,three  additional  displays wi l l  be  presented.  The  first 
two of these  are   the  present   values  of the  computed  range  and  range  rate 
between  the  two  vehicles. 

The  third  display, 8, is an  angle  measured  from  the  positive  vertical 
to  the  body  X-axis  and  subtracted  from n / 2 .  (See  Fig. 5 .3-4)  

w LOCAL HOR IZO NTAL 

Fig. 5.  3-4 Definition of 0 

The  angle, 0 ,  computed is that  which would be  found  by  the  vector 
dot  product of a unit  vector  along r and a unit  vector along the body 
X-axis,  and  subtracting  the  angle found from n /2 .  Any ambiguity which 
therefore   ar ises   must   be  resolved  by  the  as t ronaut .  

- 

5. 3, 5 Lambert  Routine 

Given a transfer  trajectory  t ime of flight  between  two  position  vectors 
the  Lambert  Routine  computes  the  velocity  required  to  travel  from  the  first 
position  to  the  second.  The  procedure  shown  in  Fig. 5. 3-5 is first used  to 
properly  define  the  plane of the  transfer  trajectory.   Then  the  Lambert  Rou- 
tine is entered. 

5. 3. 5. 1 Required Input Parameters  to  the  Lambert   Routine 

r ,(t) - Position  vector of the  active  vehicle 

- 2  A r (t ) - Position  vector of the  active  vehicle  at  the  final  time  tA, 

- 

where tA = + t. 
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L,-i T W E E K  = 

i 
DEPCRIT = 0.5 

I CALL LAMBERT 

I T W E E K ;  DEPCRIT, _N 

Fig. 5. 3-5 Initialization for Lambert  Routine 
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-uN - Unit  vector  normal  to  the  desired  transfer  plane  in  the  direction 
of the  transfer  angular  momentum. 

tF - des i red   t ime of flight  from r ,(t) t o   r2 ( tA) .   ( tF  = A t  of Section 

SGM - plus or minus  depending on whether  the  transfer  angle is l e s s  

5. 3 .2 .  1) 
- 

than o r  more  than 180  respectively. 0 

Some  branches of the  Lambert  Routine  shown  in  Figure 5. 3-6 involve 
hyperbolic  trajectory  conditions  which  will  not  be  encountered  on 

Mission 2071208A and are   therefore   not   discussed  in   detai l .  

5. 3. 5. 2 O u t m t   P a r a m e t e r s  

The   resu l t  of the  Lambert  Routine is simply  the  total  velocity 

vector  required at the  position r ,(t) to  achieve  the  desired  trajectory. 
The  maneuver AV is computed  by  subtracting  the  vehicle  velocity  vec- 
t o r  at r (t) from this  value.  

- 
- 

-1 

5. 3. 6 Conic  Subroutines 

5 .  3. 6.  1 Time-True  Anomaly  Difference  Routine  (See Fig. 5. 3-7) 
" 

Inputs 

-1 - r - the  initial  position  vector 

v1 = the  initial  velocity  vector 

COGTIJ = cotangent of TH/2  where  TH is the  true  anomaly 

difference  through  which  the  state  must  be  updated. 

p = product of the  universal  gravitational  constant  and 

the   mass  of the  attracting  body. 

NOTE: It is assumed  that  the  paths  leading  to  the  dotted  blocks  in 

Fig.  5. 3-7  will  never  be  used  for  207/208A.  Therefore  the  logic  and 
equat ions  are  not  shown. 

5. 3. 6 .  2 Orbi ta l   Parameter   Rout ine 

Using  variables  which  are  available  from  the  Time-True  Anomaly 

Difference  Routine  the  apocenter  and  pericenter  radii  and  altitudes 
are  determined  from  the  following 
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. " 

L" 

" ". 

Fig. 5 .3  - 6  Lambert Routine 
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RESUME  COGA, 

I TOO CLOSE TO E S C A P E  I I"""- - - - -  

4 ENERGY - MUST USE I 
UNIVERSAL  FORMULA- I 

I" """"_ I I TION 

No 
"""" 

,I>OGTII TOO LARGE I 
-7  

MUST USE TAN(TH/O) I 
I I FORMTJLATION 

1- - - - - - - - - - 
Yes 

CALL,  TRIGFNS 
COGTII,  COGA, 
P, r (Y 

RESUME D, SND, 
1 - CSD 

1 

1 

1 

C A L L  SMA 
rl@ , r1 

RESUME  APWR 

C A L L   D E L T I M E  
P, r l a I  COGA, D, 

APWR 
RESUME T 

SND, 1 - CSD, 

I 

Fig. 5 .  3-7 Time-True Anomaly   Di f fe rence   Rout ine  
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r =  P R  1 
1 - FJ-i~pFilA 

, h = r  P P -  r~~~ (5. 3.  13) 

Fig. 5. 3-8 summarizes   the  subrout ines   required by the  Lambert  
Routine of Section 5. 3. 5 and  the  Time-True  Anomaly  Difference 

of Section 5. 3. 6.  1. 
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Fig. 5.3-8a  Subroutines  Called by Lambert  and Time-True 
Anomaly  Difference  Routines 
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Fig.  5. 3-8b Subrout ines   Cal led  by  Lambert   and  Time-True 
Anomaly  Difference Routines 
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5.4  Powered  Flight  Navigation  and  Guidance 

5 . 4 . 1  General  Comments 

The  objective of the  powered  flight  guidance  routines is to keep  track of 
the  vehicle  state  vector  during  thrusting  maneuvers, and to  control o r  s teer  
the  thrust  direction  such  that  the  desired  velocity cut-off conditions a r e  
achieved.  The  powered  flight  navigation  program  used  to  maintain  an  estimate 
of the  vehicle  state  vector  during  all  thrusting  conditions is referred  to  as  the 
Average-G Routine  and is presented  in  Section  5.4.2,  The  basic  powered 
flight  guidance  concept  used for  the  maneuvers  inMission 2 0 7 /  208A is a velocity- 
to-be-gained  concept  with  cross-product  steering,  described  in  Section  5.4. 3. 

A l l  powered  maneuvers  controlled  by  the GNCS on Mission 207/208A a r e  
controlled by one of two major  powered  flight  guidance  programs  which  use 
the  cross-product  concept of Section 5 . 4 . 3 .  The  first of these  major  powered 
flight  programs is the  Rendezvous  Intercept  Maneuver Routine (Section  5.4.4) 
which is targeted  from a Lambert R.outine  and is used  to  control  TPI  and 
rendezvous  midcourse  correction  maneuvers.  The  second  major  powered flight 
program is the  External AV Maneuver  Routine  (Section 5.4.5) which is used 
for  all  other GNCS controlled  maneuvers and receives  the  necessary input 
data  (velocity-to-be-gained)  from  the  Mission  Ground  Control  Center o r  from 
the  other  vehicle. 

The  powered  flight  navigation  and  guidance  equations  presented  in  this 
report   are  the  same  as  those planned  for  the  lunar  landing  mission. 

5 . 4 . 2  Powered  Flight  Navigation-Average G Routine 

During a powered  flight  maneuver,  the  state  vector  estimate will  be 
maintained  by  numerical  integration of the  equations of motion  using  the 
Average -G equations. 

The  information about the  thrust  acceleration  comes  from  the  Pulsed 
Integrating  Pendulous  Accelerometers (PIPA)  in  the  form of velocity  increments 
( A Y  over  an  interval of time (At)  corresponding  to  the  time of repetitive 
computations  (generally two seconds).  The  computations are  therefore,  in 
te rms  of discrete  increments of velocity  rather  than  instantaneous  accelerations. 

If rn-l and are  the  position  and  velocity  estimates  at  the beginning 
of the  nth  computational  cycle,  then r and v a r e  computed from -n "n 

where gn is the  gravitational  acceleration and is given by 
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where 

cos 4 = gr u (5 .4 .4)  
n -Z  

The  vectors L I ~  and gZ a r e  unit  vectors  in  the  direction of r and the  polar 

axis of the  earth,  respectively, p is the  gravitational  constant of the  earth, 
r is the  equatorial  radius of the  earth,  and J2 is the  second-harmonic 
coefficient of the  earth's  potential function. (J2 = 1 .  0823067 X 

5.4.  3 Powered  Flight  Steering 

n "n 

e 

eq 

The  steering  scheme  during  powered  flight is based on the  definition of 
a velocity-to-be-gained  (v ) given by 

-g 

v = v   - v  -g -r - (5.4.   5) 

where is the  required  velocity  associated  with  the  current  position  and is 
dependent  on  the targets  specified, 

The  rate of change of v is given  by 
-g 

-g -r - 
s 3  - 3  (5. 4. 6) 

and 
g is the  gravitational  acceleration 
a is the  thrust  acceleration "T 

The  desired  thrust  direction is defined by 

~ T D  -g - -g X V  = c b X v  (5 .4 .8 )  

where aTD is the  desired  thrust  acceleration and c is a scalar.  

If the  actual  thrust  acceleration a is along 5 the  equation -T T D' 

- g  - v x ( c b   - a  ) = 0 "T 

wi l l  be satisfied.  However,  in  general  there is a directional  error and  the 
control  system  aligns  the  vehicle s o  that  the  equation is satisfied. 

(5 .4 .9)  
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The  command for  the  attitude  control  system is generated by 

v X A m  

where 

“c 
a =  

A m =  

Av is 

- 
- 

nt is 

commanded  attitude rate  to CSM attitude  control  system 
(digital  autopilot) 

cb A t  - A V  - 
I , ,  

- 
the accumulated  velocity and 

the  computing  interval. 

( 5 . 4 .  10 )  

(5 .4 .  11) 

The  basic  powered  flight  steering  represented by the  above  equations is 
illustrated  in  Fig. 5. 4-1.  The  scalar  Kaf  this  figure is a guidance  command 

gain-setting  required  for  desired  dynamic  response  performance of the  com- 
bined  powered  guidance  and  thrust  vector  control  (autopilot)  loops.  The  initial 

value of A x r  = .G A t  is obtainedby  precomputing v which corresponds to  the 

ignition  time,  then  allowing  the  vehicle  to  free  fall A t  seconds  (one  computation 

cycle) and recomputing v (Section 5. 4. 6 ) .  The  difference  between  these  two 

values of x r  is then  used  as  the  initial - b r  At. 

-r -r 

-r 

The  commanded-rate  signal is computed  every two seconds  during  the 

powered  flight  based  on  an  updated v The  computation of v depends upon 
the  particular  maneuver and is described in the  following  sections. 

- g’ - g  

The  engine (SPS or RCS) is turned on at  a specified  or  computed  ignition 
time.  During  the  powered  maneuver  steering  phase, a time to cut-off, or  
time-to-go (t ), is computed from  the  equation: 

go 

(5. 4. 12 )  

where 
L .J 

specified  specific  impulse of the  selected  engine 

the  duration of a burn at full or  maximum  thrust  equivalent 
to  the  tail-off  impulse  after  the engine-off signal is issued. 

It should  be  noted  that Attail-off is a negative  number  in  erasable  storage. When 

t falls,  for  the  first  time, below a value of 4. 0 seconds,  the engine-off signal 
go 

is set  to  be  issued t seconds  later, and  the  attitude  control  system  command, 
w is set  equal  to zero.  

go 
“c 
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Fig. 5 .4-1  CMC Powered  Flight  Steering Block Diagram 
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Fig. 5 . 4 - 2  SPS Minimum Impulse Test Data (NAA. 4-5-66)  
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t 

32.17405 

Legend 

% = velocity  to  be  gained  (fps) 
wt = vehicle  weight  in  pounds 
F = SPS Thrust  ( lbs) 

ton = SPS on  t ime  (see) 

L' 
t 

P l  

-7+30ton=mv 10 -3 
g 

Solve  for 
4. 
L on L 

. 
- 

No ActiT -+ re Steering 
(Initial  Attitude Hold) 

Fig.  5.4-3  Short SPS Maneuver  Steering  Logic 
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5.4 .  3 .  1 Verv  Short SPS Thrust  Maneuvers 
The  steering  computations  are  normally  done  every two  seconds, A 

small   interval of time,  therefore,  elapses  before  effective  steering is a c -  
hieved. If the  required SPS burn is in  the  order of a second or  less ,  not 
only is there  no t ime  to  steer,   but it may  also  be  required  to  set   the  engine- 
off signal  before  the Av - f rom PIPA's could  be measured.  Therefore,  at  the 
s t a r t  of the  steering  computations,  an  estimate of the  interval (ton) between 
the  engine-on  and  en2ine-off  signals is made,  This  estimate is based on 
the  engine  test  data of the  integral of thrust   vs  ton as shown in  Fig.  5. 4-2. 

If ton is less than  three  seconds,  the  engine is set   to   s tay on  only 
ton  seconds  and  the  vehicle is held at the  pre-aligned  position.  This  com- 
putation is shown  in  Fig. 5. 4-3. 

5. 3. 4. 2 R.CS Translation  Maneuver  Engine-off  Criterion 

The  engine-off  criterion f o r  CSM R.CS maneuvers is illustrated  in 
Fig,  5.4-4  for  both  normal  and  very  short  thrust  maneuvers. 

"""""" 

I 
I 
I 

Cal. of Eq.  (5.4. 12 )  

Attail -off 

1 at tgo + present   t ime/  1 at tIG + 1 Set  Engine  -off  Signal  Set  Engine  -off  Signal 

Fig.  5.4-4 CSM RCS Engine-off  Criterion 
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For  the  case  in   which  the RCS is selected  for a maneuver,  the  maneu- 
ver   t ime,  t is estimated  prior  to  the  ignition time, tIG, by the first ex- 
pression  shown  in  Fig. 5.  4-4, where F is the  prestored  nominal RCS thrust  
of 100 pounds per  jet,  and wt. is a DSKY entry of the  vehicle  weight. If 
this  estimated  maneuver  t ime is less   than  4 seconds,  the  RCS  engine-off 
signal is set to   be   i s sued   a t  tIG + t as shown,  and  the  normal t expres-  
sion of Eq. (5. 4. 12)  is never  used. Lf the  pre-ignition  estimate of t is 
greater   than 4 seconds  the  normal  engine-off  criterion is used. ’ With r e -  
ference  to   Fig.  5. 4-4 the t computation of Eq. (5. 4. 1 2 )  is first made  two 
seconds  after tIG.  After  two  computation  cycles (4 seconds  after tIG) this 
calculation is an   accura te   es t imate  of the  t ime-to-go  in  the  maneuver.  When 
t falls below 4 seconds  for   the first time,  the  engine-off  signal is set   to  be 
go 

issued at t plus  the  present  time as shown. 

go’ 

go  go 
go 

go 

go 
5. 4. 4 R.endezvous  Intercept  Maneuver  Guidance 

As  stated  in  Section 5. 4. 1, this  powered  flight  guidance  routine is used 
to  control  the  TPI  and  rendezvous  midcourse  correction  maneuvers  on 
Mission 207/208A. The  basic  steering  concept is that   presented  in   the  pre-  
vious  Section 5. 4. 3 with  the  input  velocity-to-be-gained  being  determined by 
the  Lambert  Routine of Section 5.3.  5. This  rendezvous  guidance  controls 
the TPI and  midcourse  correction  maneuvers  such  that   the  result ing tra- 
jectory  will   intercept  the  target  vehicle  orbit  at the  designated  t ime. It is 
from  this  trajectory  that   the  manual  terminal  rendezvous  maneuver is made. 

The  Rendezvous  Intercept  Maneuver R.outine is used   in   Programs P-40  

of Section 4 when  the SPS is chosen  for  the  maneuver,  or  P-41 when  the 
CSM R.CS is chosen.  The  required  initial.  inputs  and  targeting for this   rou-  
tine are determined  in  programs P-34  (pre-TPI   p rogram of Section 5.  3.  3) 
and P-35  (midcourse  correction  program of Section 5. 3 .4) .  

I n m t   P a r a m e t e r s  

1. Ignition  Time (tIG) 

2. Time of flight  to  intercept (t,) 

3.  Targe t  aim point r2(tA), 
where tA = t, + tIG and r (t ) is defined  in  Section (5. 4. 13)  -2  A 

5. 3. 3. 1 

4. Engine  Choice - SPS or  RCS 
out   pu ts  

1. o = corrective  angular  rate  command  to  the CSM Flight  Control 
“c system  (see  Section 5. 4. 3)  

2.  Engine-off  Signal  Eq. (5.  4.  12) 
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Guidance  Computations 

The  rendezvous  intercept  maneuver  guidance  computation  sequence is 

illustrated  in  Fig. 5.  4-5. The  velocity  required  to  intercept  the  target  aim 
point r at tA is determined by the  Lambert  Routine,  and,then  the  associated 
velocity  to  be  gained v is derived as shown in  Fig. 5. 4-5.  The  velocity-to- 
be-gained is then  used  in  the  cross  product  steering  concept of Section 5. 4. 3 

to  determine  the  required  angular  rate  command  to  the  flight  control  system, 
and the  time  for  engine  cut-off. A s  indicated  in  Fig. 5. 4-  5 the  Lambert 
R.outine is cycled  in  the  computation  sequence at half the  rate  the  steering 
computations.  The  value of the  scalar c in  Eq. (5. 4. 11) of Section 5. 4. 3 is 
unity  in  this  guidance  routine if the  SPS  was  selected,  and c = 0 if the RCS 
was  chosen. 
5 . 4 .  5 External AV Maneuver  Guidance 

- 

-g 

- 
The  External AV Maneuver  Guidance is used  to  control all Mission 

207/208A powered  maneuvers  with  the  exception of the TPI and midcourse 
correction  maneuvers of the  previous  section.  The  External AV Guidance 
is based on the  steering  concept of Section 5. 4.  3 with  input data  supplied by 
DSKY entries or telemetry  uplink.  InMiasion207/208A,  this  powered  flight 
program is used  to  control  all  orbital  change  maneuvers,  the CSI and CDH 
maneuvers of the  concentric  flight  plan  rendezvous,  and  the  final  deorbit  to 
entry  maneuver.  The  External AV Maneuver Program is incorporated  inpro- 
grams P-40  and P-41  of Section 4 depending upon the  engine  choice of SPS o r  

R.CS respectively. 

This  program is common  to  both CMC and LGC with the  exception of a 
different output  command  to  the  respective  vehicle  flight  control  systems. 
This  program is the  same as that planned for  the  lunar  landing  mission  dur- 
ing  which it is primarily  used  to  execute  the CSM translunar  and  transearth 
midcourse  correction  maneuvers  determined by the MSFN in  the  nominal 
mission. 

The  External AV Maneuver  Guidance Program is designed  to add a 
specified  velocity  increment  along  an  inertial  direction which is partially 
compensated  for  the  estimated  maneuver  time. 

Input Parameters  (DSKY or Uplink) - 
1. Time of ignition (tIG) 

2. Specified  delta-V (AV ) in  the  local  vertical  coordinate  system -S 
of the  active  vehicle  at  the  time of ignition 

3. Anticipated  magnitude of the  vehicle  weight, wt, in pounds. 
4. Engine  choice;  SPS or  RCS. 
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Star t  

I Lambert  Routine  (Sec  5.3.5) 
7 -7 

N= 1 

I" 1 I 

.N= 1 Yes 

v =V +bAt-Av 
"g  "g - 

Update r(t), v(t) 
With  Average G Routine 

""" 
I ., 7 

I I 
I Steering  Commands 
L""" 

At (Sec  5 .4 .3)  
Cycle + + 

Engine off 
3 2  Signal No Steering 

Attitude Hold at  
P r e   T h r u s t  
Alignment 

Fig.  5.4-5  Rendezvous  Intercept  Maneuver  Guidance 
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outputs  

1. w = corrective  angular rate command  to  the CSM flight  control 

2. Engine - off signal 
"c 

Computations 

The  local  vertical coordinate  system is defined  by: 

X = UNIT [ { r (tIG) x (tIG) } X 5 (tIG)] = (1, 0 ,   0 )  
w - 
- = UNIT [ 1 (tIG) x ( ~ I G ) ]  = (0,1, 0 )  (5. 4.  14) 

z =-UNIT - [ - (tIG) 1 = ( 0 ,  0 , l )  

where r (t ) and  v(t ) are  the  posit ion  and vel ocity  vectors  at   the  t ime of 
ignition  respectively. 

- IG - IG 

The  input  column  vector AV, - is first pre-multiplied  by  the  matrix,  the 

columns of which  are X, " Y, and - 2', to  'yield AV in  the  inertial   coordinate  system. -S 
The  input A v s  is the  required  impulsive  velocity  correction.  In  order 

to compensate  for  the  change  in  position  during  the  maneuver,  the  input AVs 

is biased  by half the  estimated  central   angle of travel  during  maneuver.  The 

inplane  velocity  components of AV, are given  by: 

- 
- 

A V  = AVs - (AXs gp) U (5. 4. 15) 
-P - -P 

where 

U = UNIT [ v (tIG) x r (tIG)] -P - - 

The  approximate  central  angle 0 traveled  during  the  maneuver is given by: T 

I r x  VI AvS 
' T ' T  7 (5.  4. 16 )  

T 
Where aIT is the  estimated  constant  maneuver  acceleration  determined  from 

at = F (32. 17405) 
T wt  (5. 4. 17 )  

with F equal  to a prestored  nominal  thrust  in  pounds  based on the  astronaut 

engine  selection,  and  wt is the  vehicle  weight  in  pounds  which is entered as a 
DSKY input  parameter.  The  values of F are 

F = 21400 pounds for   the SPS 

F = 100 pounds/jet   for  the RCS 
(5. 4. 18) 

The  corrected  inplane  .velocity-to-be-gained is defined as: 

(5. 4.  19) 
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and is il lustrated  in  Fig.  5. 4 -  6 .  The  corrected  velocity  vector-to-be-gained 

during  the  powered  flight is then  given  by: 

The  general  computational  sequence  for  the  External AV Maneuver 
Guidance is i l lustrated  in  Fig.  5. 4 -  7. The  input v to  the  steering  equations 

of Section 5. 4. 3 is initially  set  equal  to AV of Eq.  (5. 4 .  20) .  During  the 

powered  maneuver, v is updated as shown  in  Fig. 5. 4-7,  by the  accumulated 
Av measured by  the  accelerometer.   During  this  program  the  scalar c of 

Eq. (5. 4. 11) is zero.  

-g 
-T 

-g 
- 

5. 4. 6 Initial  Thrust  Alignment 

Before  the  selected  engine is ignited  for  any  particular  powered  maneu- 

ver,  the  vehicle  should  be  oriented s o  that  on  ignition  the  thrust is in  the  de- 
sired  direction  at  that  point.  Since  the  time of ignition is known beforehand, 

the  position  and  velocity at ignit ion  can  be  computed  prior  to  the  arrival of the 
vehicle at that  point. By integrating  over At seconds  from  that  point,  the  vec- 

t o r s  v and bAT can  be  computed as shown  in  Fig. 5. 4-1.  
-g - 

The  desired  thrust   direction  can  be now calculated  (pr ior   to   arr ival   a t  
the  ignition  point) as 

uT = UNIT q + (alT - q2) '1' u 2 
- 1- -g 1 (5. 4. 21)  

where 

-g 
U = UNIT (v ) 

-g 
(5. 4. 22)  

and 
(5. 4. 23) 

and a '  is an  es t imate  of the  magnitude of the  thrust   acceleration Eq.(5. 4. 17 ) .  T 
Once UT is computed  from Eq. (5. 4. 21),  the  vehicle is oriented  prior  to - 

arr ival   a t   the   igni t ion point  such  that  the  thrust  axis is along UT. 

The  value of the  constant c i n  Eqs. (5. 4. 8 )  through (5. 4.11)  and Eq. 
- 

(5. 4. 23)  is equal  to  zero fol- all ca ses  of the  two  programs of Section 5. 4.4 

and  5.4. 5 with  exception of the  Rendezvous  Intefcept  Maneuver  Guidance 
program  when  used  with  the SPS, in  which  case c = 1. 
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Fig.  5 . 4 - 6  Inplane  External AV Maneuver Time Compensation 
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Fig. 5 .4-7  External AV Maneuver  Guidance 
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5. 5 General   Service  Programs 

5. 5. 1 General  Comments 

The  programs  presented  in  this  section  are  used  for  computer  init ializa- 
tion  procedures,  basic  transformations,  alignment  subroutines, o r  a re   spec ia l  

information  programs  requir ing CMC computations  which  can  be  called by the 
astronaut.  The  astronaut  service  computations  can  be  exercised  by  the  astron- 
aut  through  the  keyboard. 

The  routines  described  in  the  following  sections are the  same as those 

planned  for  the  lunar  landing  mission  except  for  scaling,  etc. , unless  other- 
wise  specifically  noted. 

5. 5. 2 Transformation  Routines - _____ 

The  following  transformation  routines  are  used  during IMU alignment  pro- 

grams  and  the  Rendezvous  Navigation  and  Orbital  Navigation  Routines of Sec-  
tions 5. 2. 5 and 5. 2. 7 respectively. 

5. 5. 2. 1. IMU Transformations 

Let AIG, AMG, AOG be,  respectively,  the IMU inner,  middle  and 
outer  gimbal  angles.  Define  the  following  matrices: 

/ Cos AIG 0 -Sin AIG 

f Cos AMG Sin AMG 
O \  

Q2 = \ -Sin . o  AMG 

Cos AMG 

0 "i 1 

Q3 = i' 0 

\ O  -Sin AOG COS AOG / 

Stable  Member  to  Navigation  Base  Transformation 

-NB 3 2 1 -SM U = Q Q Q U  

(5. 5. 1) 

(5. 5. 2) 

(5. 5. 3) 

(5. 5. 4) 
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Navigation  Base  to  Stable  Member  Transformation 

5. 5. 2. 2. Sextant  to  Navigation  Base  Transformation 

(5. 5. 5) 

Sin P A  Cos SA (, Cos P A  ) = Sin P A  SinSA (5. 5. 6 )  

where PA, SA are  the  sextant  precision  (trunnion)  angle and shaft angle r e -  
spectively, andgNB is the  line of sight  unit  vector  in  navigation  base  coor- 
dinates. 

5. 5. 2 . 3 .  REFSMMAT 
”___ 

The  matrix  required  to  transform a vector  from  the  Basic  Refer- 
ence  Coordinate  system  to  the  coordinate  system  established by the IMU Stable 
Member is called REFISMiMAT. Each  time  the IMU is realigned REFSMMAT 
w i l l  change  accordingly. For  the 207/208 A mission  there  are  nominally 4 
types of  IMU alignments.  Each  type of alignment and the  method for computing 
REFSMMAT is discussed below. 

1. P re  -launch  Alignment 

Prior  to launch  the IMU Stable  Member is aligned  to a local  verti- 
‘cal  axis  system. 

u = UNIT ( - r) (local  vertical) 

u = UNIT (4) where A is a horizontal  vector pointed  at  the desired 

“a, - 

-X 
launch  azimuth  angle. (5. 5. 7) 

The REFSMMAT associated  with  this  alignment is simply 

REFSMMAT = 

T 
”u - 

-X 

T 
“u - 

-Y 

T --u - 
”z 

(5. 5. 8) 



2. Star  Alignment 

When  two star sightings  are  made  on  board a new REFSMMAT  may 
be  computed  in  the  following  manner.  Let  the two  unit s ta r   vec tors   expressed  
in  the  Stable  Member  coordinate  system  be US1 - andUS  and  let  the  same  unit 
star vectors  expressed  in  the  Basic  Reference  Coordinate  system  be UR1 and 
UR2.  Define  the  following  two  systems of orthogonal  coordinates. 

- 2  
- 

- 

Lll' = - us1 
u = UNIT (US1 X US2) -Y 
u ' = u ' X u '  -z -x  -y 

- - 

-X 
u = gR1 

u = UNIT (UR1 X UR2) 
-Y 
u = u  x u  -z -x -y 

I - 

(5. 5. 9) 

(5. 5. 10) 

where  the  unprimed  system is expressed  in  the  Basic  Reference  Coordinate 
sys tem and the  primed  system is expressed  in  the IMU Stable  Member co- 
ordinates.   For  this  case REFSMMAT is given by the  following  matrix. 

REFSMMAT = 

U ' U '  u O U '  u . u '  -x -x -x -y -x -z 

' U '  u ' U '  u . u '  

-z -x -z -y -z -z U ' U '  U ' U '  U ' U '  

zy -x -y -y -y -z (5. 5.11) 

3. Alignment  for  Thrusting  Maneuvers 

During  certain  thrusting  maneuvers  the IMU w i l l  be  aligned  accord- 
ing  to  the  following  equations 

(5. 5.12) 

L-J - ,  
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4. Alignment  to  Local  Vertical 

The IMU Stable  Member  may also be aligned  to  the  local  vertical 
at a specified  time.  The  Stable  Member  axes a re  given by: 

u = UNIT (v X r) 
-Y 
u = UNIT ( - r )  

" 

-z - (5. 5. 14) 

The',associated REFSMMAT is again found from Eq..(5. 5. 13). 

5. 5. 3 Star  Selection Routine 

The  purpose of the  Star  Selection  Routine is to  select  the  best  pair of 
s tars   for  fine  alignment of the IMU with  little o r  no CSM attitude  change  being 
required  to  permit both stars  to be seen with  the  optics. All  possible pairs of 
a total of 37 s t a r s   a r e  checked by this  routine.  The  manner  in  which  the  selec- 
tion is made is shown in  the  logic flow diagram of Fig, 5. 5-1. 

When a pair  of s ta rs  is selected  for  testing,  a check is made  to  see if  
either star is occulted by the  Earth, Moon, or  Sun. The  routine  then  checks  to 
see i f  the  stars  are  separated by 40 to 66 degrees. Although the  ideal  separa- 
tion is 90 degrees, an  upper  limit of 66 degrees is used  to  insure  that both 
s t a r s  may be seen with  the  optics without requiring an attitude  maneuver. 
Afterwards, a check is made  to  see i f  both stars  can  be  seen  in  the  present 
optics  cone of view. Although the  visual  cone of the  optics is larger  than 66 

degrees,  this  value  is  adopted  to  insure  that both stars  can be seen anytime 
during  the  5  degree  limit  cycle  attitude  operation,  The  reduction  in  cone  size 
also accounts  for  uncertainties  in IMU stable  member  orientation  (including 
CSM attitude)  associated  with  coarse  alignment of the IMU. 

If a pair  of s t a r s  is within  the  optics  cone of view, their  separationangle 
is compared  with  that of any previously  stored  pair and the  pair  with  the  largest 
angle is stored. If a pair  of s ta rs  is not within  the  optics  cone of view, the 
status of the  flag is checked  to see i f  any previous  pair  were found in  the  cone 
of view, and i f  not, the  minimum  pitch and yaw attitude  maneuver is determined 
to  enable  the  optics  to  acquire  this  pair.  This  attitude  maneuver is then  com- 
pared  with  that of any previously  stored  pair and the  pair  requiring  the  smallest 
pitch and yaw maneuver is stored. It should  be  noted  thay any pair  found in  the 
optics  cone of view without an attitude  maneuver  being  required w i l l  always 
supercede any pair  requiring a maneuver. 
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Fig. 5. 5-1 Star  Selection  Routine  Logic  Diagram 
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5. 5. 4 Ground Track Routine 

The  astronaut  specifies a future  time (GET).  The  output is the  estima- 
ted  location of the  point  at  which  the CSM w i l l  be at  the  specified  time. 

The estimated CSM state  vector is extrapolated  to  the  specified  time by 
means of the  Orbital  Integration  Routine.  The  resulting  inertial  position is 
converted  to  geodetic  latitude,  longitude, and altitude  by  means of the  Latitude- 
Longitude  Routine and these  data  are  displayed.  This  routine is a mode of pro- 
gram P-21 of Section 4. 

5.  5. 5 LGC Initialization  Program 

This program is a combined  procedure  between  the CSM and LM used 
to  manually  initialize  the LGC prior  to L M  separation.  After  the LGC is   ac-  
tivated  the  first  requirement is to  synchronize  the LGC clock.with  that of the 
CMC. This is a count-down  and mark  procedure  in which  the  Enter  button 
is depressed on  both DSKY's at  the  same  time and  each  computer  displays  the 
time of the  Enter, By subtracting  these two times  the  clock  difference is ob- 
tained  which is used  to  increment the LGC clock,  This  procedure  should be 
repeated  to  obtain  an  average  clock  difference.  The CMC and LGC clock 
synchronization  can  also be checked  by  the  Mission  Ground  Control  Center 
using  down-link  data,  which  can  provide a more  precise  difference to be used 
by the LM astronaut  to  increment  the LGC clock. 

In the  lunar  landing  mission  the following parameters   are  next  voice- 
linked  from  the CSM and entered in the LGC as initialization  parameters: 

Parameter Words 

1) FCSM: CSM position  vector 3 

2) yCsM: CSM velocity  vector 3 

3) t csM: CSM state  vector  time 3 

4) _RLs: lunar  landing  site  vector 3 

5) t Ls: time RLS w as  valid 3 

6 )  tEPHEM : Time  difference  be- 3 
tweenzero  GET and 

- 

1 July qf the  reference 
Bessekan  year Total: 18 

In the above procedure, all words  are  entered in octal and require 10 digits 
(double  precision). 
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In Mission 207/208A the LGC initialization  program  must  be  modified 
so that  only  the CSM state  vector and tEpPHEM w i l l  be  used  (items 1, 2, 3, and 
6 above)and all other  parameters  deleted.  This  program is referred to as 
P - 2 6  in  Section 4. 
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5. 6 Entry  Guidance 

The  entry  guidance  program is described  by  the  logic flow charts  in 
Fig.  5. 6 - 1  thru  Fig. 5. 6 -  16 for  control of the CM entry  vehicle. A detailed 
description of this  guidance  and  steering  concept is presented  in  MIT/IL 
Report R.-532, "Reentry  Guidance  for  Apollo, I '  R .  Morth,  ,January 1966. 

Figure 5. 6-1  i l lustrates  the  overall   picture of operations  during  entry. 
Each  block  in  Fig. 5. 6 - 1  is described  in  detail  in  following  figures.  Fig. 
5. 6-2  defines  the  symbols  which  represent  computed  variables  stored  in 
erasable  memory.  The  value  and  definition of constants is given  in  Fig. 
5. 6-3. 

The  initialization  routine  shown  in  Figure 5. 6-4 is entered only  once 
at the start of entry,  Besides  setting  the  appropriate  variables  to  their  initial 
values,  this  routines  presets  the  variable  SELECTOR  to  INITROLL.  For all 

, possib1eMission207/208C1situations SELECTOR.  will  later  be  set  to  KEP2 by 
the  logic  in  INITROLL.  KEP2  then  performs  the  same  functions as the  ini- 
tial roll phase  in  higher-speed  entries  and  the  only  significant  steering  takes 
place  in  final  phase, An initial  attitude of lift-up is selected  by'setting 
L/DINIT TO LAD. This  initial  attitude  can  be  changed by the  astronaut. 

Every  pass  through  the  entry  equations  (done  once  every 2 seconds) is 
begun  with  the  section  called  navigation  (see  Fig. 5. 6-5)  and is the  same as 
that  presented  in  Section 5. 4. 2. This  integrates  to  determine  the  vehicle 's  
new position  and  velocity  vector.  This  navigation  routine is s tar ted  pr ior   to  
the  deorbit  maneuver  in  Mission  207/208A  and is continuously  operated  from 
that time  to  landing. 

Next,  the  targeting  section  updates  the  desired  landing  site  position 
vector  and  computes  some  quantities  based  on  the  vehicle's  position  and 
velocity  and  the  position of the  landing  site.  (See  Fig. 5. 6 -6 ) .  

The  mode  selector  chooses  the  next  sequence of calculations  depend- 
ing  upon  the  phase of the  entry  trajectory  that  is currently  being  flown.  The 
initial roll section  maintains  whatever roll angle  was  previously  selected  in 
the  initialization  routine  and  decides  when  to  start  the  next  phase,  as  shown 
in  Fig.  5. 6-7.  

The  next  phase  maintains a constant  drag  trajectory  while  testing  to 
see  if  it is time  to  enter  the  up-control  phase.  The  testing is presented  in 
Figs.  5. 6-8  and 5. 6-9. The  constant  drag  equations  are  given  in  Fig. 5. 6-10. 
The  other  phases  (up-control,   ball ist ic,   and  f inal)   are  l isted  in  Figs.  5.  6-11, 
5.  6-12,  and  5.  6-13.  (See  Fig. 5. 6-14.).  The  final  phase is accomplished by a 
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stored  reference  t ra jectory with linear  interpolation  between  the  stored 
points.  Its  characteristics as well as the  steering  gains a re  stored as shown 
in  Fig.  5. 6-14.  The  routine  that  prevents  excessive  acceleration  build-up 
(G  l imiter)  is given  in  Fig. 5,  6 -15 .  Finally,  the  section  that  does  the 
lateral   logic  calculations and computes  the  commanded  roll  angle is shown 
in  Fig. 5. 6-16.  
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Fig. 5. 6- 1 Entry  Computation 
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