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Table 1

BLOCK || — BASI C | NSTRUCTI ONS

I nstruction Or der _Code Descri ption

AD K 06. Add K

ADS E 02.6 Add to storage E

AUG E 12. 4 Augnent E

BZF F 11.2 Branch on zero to fixed F
11. 4
11.6

BZMF F 16. 2 Branch on zero or minus to fixed F
16. 4
16.6

CA K 03. Clear and add K

CAE E 03. Clear and add E

CAF F 03. Clear and add F

CCs E 01.0 Count, conpare and skip on E

com 04. 0000 Compl ement A

CS K 04. Cl ear and subtract K

CyL . 0022 Cycle left

CYR . 0020 Cycl e right

DAS E 02.0 Doubl e add to storage E

DCA K 13. Doubl e cl ear and add K

DCS K 14. Doubl e cl ear and subtract K

DCOM 14. 0000 DP conpl enent

DDOUBL 02. 0000 DP doubl e

DM E 12. 6 D mnish E

DOUBLE 06. 0000 Doubl e A

DTCB 05. 2005 DP transfer control both banks

DV E 11.0 Divide by E

DXCH E 05.2 Doubl e exchange A and E

EDOP . 0023 Edit operator

EXTEND 0. 0006 Ext end

INCR E 02.4 I ncrement E

| NDEX E 05.0 I ndex next basic instruction with E

I NHI NT 00. 0004 I nhibit interrupt

LXCH E 02.2 Exchange L and E

MASK K 07. Mask with K
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BLOCK || — BASI C | NSTRUCTI ONS

MP K 17. Multiply K

MSK K 07. Mask K

MBU E 12.0 Modul ar subtract E

NDX E 05.0 I ndex E

NDX K 15. I ndex K

NCOP 03. 0000 No operation (E)

NOOP TCF | +1 No operation (F)

OVSK 05. 4000 Overflow skip; TS A

QXCH E 12.2 Exchange Q and E

RAND H 10. 2 Read and AND H

READ H 10.0 Read H

RELI NT 00. 0003 Rel ease inhibit interrupt

RESUVE 05. 0017 Resune interrupted program

RETURN 00. 00002 Return; TCQ

ROR H 10.4 Read and OR H

RXOR H 10.6 Read and Excl usive-OR H

SR . 0021 Shift right

SU E 16.0 Subtract E

TCAA 05. 4005 Transfer control to address in A, TS Z

TC K 00. Transfer control to K

TCF F 01.2 Transfer control to fixed F
01.4
01.6

TCR K 00. TC K

TS E 05.4 Transfer control to storage E

WAND H 10. 3 Wite and AND H

WOR H 10.5 Wite and OR H

WRI TE H 10.1 Wite H

XCH E 05.6 Exchange A and E

ZL 02. 2007 Zero L; LXCH zero

ZQ 12. 2007 Zero Q OQXCH zero
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Table 2

BLOCK Il - VERB CODES

REGULAR VERBS
Code Descri ption
00 Not in use
01 Di splay Cctal conmponent 1 in Rl
02 Di splay Cctal conmponent 2 in Rl
03 Di splay Cctal conmponent 3 in Rl
04 Di splay Cctal conponents 1,2 in RL, R2
05 Di splay Cctal components 1,2,3 in R, R2, R3
06 Display Decimal in RL or in RI,R2 or in RL,R2, R3
07 Di spl ay Doubl e Precision Decimal in RL, R2 (test only)
08
09
10
11 Monitor Cctal conmponent 1 in Rl
12 Monitor Cctal conponent 2 in Rl
13 Monitor Cctal conmponent 3 in Rl
14 Monitor Cctal conmponent 1,2 in RL, R2
15 Monitor Cctal conmponent 1,2,3 in RL, R2, R3
16 Monitor Decimal in RlL or RL,R2 or Rl,R2, R3
17 Moni t or Doubl e Precision Decimal in RL,R2 (test only)
18
19
20
21 Load conponent 1 into Rl
22 Load conponent 2 into R2
23 Load conponent 3 into R3
24 Load component 1,2 into R, R2
25 Load component 1,2,3 into R, R2, R3
26
27 Di splay fixed nmenory
28
29
F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - VERB CODES

30 Request executive
31 Request waitli st
32 Recycl e program
33 Proceed wi t hout DSKY inputs
34 Term nate function
35 Test lights
36 Request fresh start
37 Change program (Maj or Mode)
38
39
EXTENDED VERBS
Code Descri ption
40 Zero CDU s
41 Coarse align CDU s
42 Fine align I MJ
43 Load | MJ attitude error neters
44 Set surface flag
45 Reset surface flag
46 Est abli sh G&C control
47 Move LM state vector into CM state vector
48 Request DAP data | oad (RO03)
49 Request crew defined naneuver (R62)
50 Pl ease perform
51 Pl ease mark
52 Mark on offset l|anding site
53 Pl ease performalternate LOS mark
54 Request rendezvous backup sighting mark routine (R23)
55 I ncrement ACGC tine (decimal)
56 Term nate tracki ng (P20)
57 Di spl ay update state of FULTKFLG
58 Enabl e aut o maneuver in P20
59 Pl ease calibrate
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BLOCK Il - VERB CODES

60 Set astronaut total attitude (NL7) to present attitude

61 Di splay DAP attitude error

62 Display total attitude error WRT N22

63 Di splay total astronaut attitude error WRT N17

64 Request S-Band antenna routine

65 Optical verification of prelaunch alignment

66 Vehicl es attached, nove this vehicle state vector to
ot her vehicle state vector

67 Di splay WMatri x

68

69 Cause restart

70 Update liftoff tine

71 Uni versal update - bl ock address

72 Uni versal update - single address

73 Update AGC tine (octal)

74 Initialize erasable dunp via downlink

75 Backup liftoff

76

77

78 Updat e prel aunch azinmuth

79

80 Update LM state vector

81 Update CSM state vector

82 Request orbital paranters display (R30)

83 Request rendezvous paranter display (R31)

84

85 Request rendezvous paranter display no. 2 (R34)

86 Rej ect rendezvous backup sighting mark

87 Set VHF range fl ag

88 Reset VHF range fl ag

89 Request rendezvous final attitude (R63)

90 Request rendezvous out of plane display (R36)

91 Di spl ay bank sum
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BLOCK Il - VERB CODES

92 Operate | MJ performance test (PQO7)

93 Enable WMatrix initialization

94 Perform cislunar attitude maneuver (P23)
95

96 Termi nate integration and go to P0OO

97 Perform engi ne fail procedure

98

99 Pl ease enabl e engi ne

F. Bernardini All rights reserved Feb. 2001
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Table 3

BLOCK Il - NOUN CODES

NCRMAL  NOUNS

Code Conp Scaling Descri ption
00
01 3 XXXXX Speci fy nachi ne address (fractional)
- XXXXX
- XXXXX
02 3 XXXXX. Speci fy nmachi ne address (whol e)
XXXXX.
XXXXX.
03 3 XXX XX Speci fy nmachi ne address (degrees)
XXX, XX
XXX, XX
04
05 1 XXX XX deg Angul ar error/difference
06 2 Cctal only Option code
Cctal only
07 3 Cctal only ECADR of word to be nodified
Cctal only Ones for bits to be nodified
Cctal only 1 to set or O to reset selected bits

(Loadi ng Noun 07 will set or reset
selected bits in any erasable |ocation)

08 3 Cctal only Al arm dat a
Cctal only
Cctal only
09 3 Cctal only Al ar m codes
Cctal only
Cctal only
10 1 Cctal only Channel to be specified
11 3 00XXX. hrs TI G of Csl
000XX. min
OXX. XX sec
12 2 Cctal only Option code (used by extended verbs only)
13 3 00XXX. hrs TI G of CDH
000XX. mn
OXX. XX sec
14 1 XXXXX. ft/sec Inertial velocity magnitude at TLI cutoff

F. Bernardini All rights reserved Feb. 2001



CMC DATA CARDS Draft 9

BLOCK Il - NOUN CODES

15 1 Cctal only | ncrement machi ne address
16 3 00XXX. hrs Time of event (used by extended verbs
000XX. mn only)
OXX. XX sec
17 3 XXX XX deg Astronaut total attitude
XXX, XX deg
XXX, XX deg
18 3 XXX XX deg Aut o nmaneuver ball angl es
XXX, XX deg
XXX, XX deg
19
20 3 XXX XX deg | CDU angl es
XXX. XX deg
XXX, XX deg
21 3 XXXXX. pul ses Pl PAs
XXXXX. pul ses
XXXXX. pul ses
22 3 XXX XX deg New | CDU angl es
XXX, XX deg
XXX, XX deg
23
24 3 00XXX. hrs Delta time for AGC cl ock
000XX. mn
OXX. XX sec
25 3 XXXXX. Checklist (used with please perform only)
XXXXX.
XXXXX.
26 3 Cctal only Priority/dealy, ADRES, BBCON
Cctal only
Cctal only
27 1 XXXXX Self test on/off switch
28
29 1 XXX XX deg XSM | aunch azi nmuth
30 3 XXXXX. Tar get codes
XXXXX.
XXXXX.
31 3  00XXX. hrs Time of Winitialization
000XX. mn
OXX. XX sec
32 3 00XXX. hrs Time from perigee
000XX. mn
OXX. XX sec
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BLOCK Il - NOUN CODES

33 3 00XXX. hrs Time of ignition
000XX. mn
OXX. XX sec

34 3 000XX. hrs Tine of event
000XX. mn
OXX. XX sec

35 3 00XXX. hrs Time from event
000XX. mn
OXX. XX sec

36 3 00XXX. hrs Ti me of AGC cl ock
000XX. mn
OXX. XX sec

37 3 00XXX. hrs TI G of TPI
000XX. mn
OXX. XX sec

38 3 00XXX. hrs Time of state vector
000XX. mn
OXX. XX sec

39 3 00XXX. hrs Delta tinme for transfer
000XX. mn
OXX. XX sec

M XED NOUNS

Code Conp. Scaling Descri ption

40 3 XXbXX mn/sec Tinme fromignition/cutoff
XXXX. X ft/sec VG
XXXX. X ft/sec Delta V (accunul at ed)

41 2 XXX XX deg Target azinmuth
XX, XXX deg Target el evation
42 3 XXXX. X nm Apogee
XXXX. X nm Peri gee
XXXX. X ft/sec Delta V (required)
43 3 XXX XX deg Latitude
XXX, XX deg Longi t ude
XXXX. X nm Al titude
44 3 XXXX. X nm Apogee
XXXX. X nm Peri gee
XXbXX mn/sec TFF
45 3 +XXbXX Mar ks (VHF - Optics)
XXbXX mn/sec TFI of next burn
XXX, XX deg MGA

F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - NOUN CODES

46 2 Cctal only Aut opi | ot configuration
Cctal only
47 2 XXXXX. | bs Thi s vehi cl e wei ght
XXXXX. | bs O her vehicl e wei ght
48 2 XXX XX deg Pitch trim
XXX, XX deg Yaw trim
49 3 XXXX. X nm Delta R
XXXX. X ft/sec Delta V
XXXXX. VHF or Optics code
50 3 XXXX. X nm Spl ash error
XXXX. X nm Peri gee
XXbXX mn/sec TFF
51 2 XXX XX deg S-Band antenna angle pitch
XXX. XX deg S-Band antenna angl e yaw
52 1 XXX XX deg Central angle of active vehicle
53 3 XXX XX nm Range
XXXX. X ft/sec Range rate
XXX, XX deg Phi
54 3 XXX XX nm Range
XXXX. X ft/sec Range rate
XXX, XX deg Thet a
55 3 XXXXX. Peri gee code
XXX. XX deg El evation angl e
XXX, XX deg Central angle of passive vehicle
56 2 XXX XX deg Reentry angl e
XXXXX. ft/sec Delta V
57
58 3 XXXX. X nm Perigee altitude (post TPI)
XXXX. X ft/sec Delta V TPI
XXXX. X ft/sec Delta V TPF
59 3 XXXX. X ft/sec Delta velocity LOS
XXXX. X ft/sec
XXXX. X ft/sec
60 3 XXX XX g G max
XXXXX. ft/sec V pred
XXX, XX deg Gamma El
61 3 XXX XX deg | npact | atitude
XXX, XX deg | mpact | ongitude
+/ - 00001 Heads up/down
62 3 XXXXX. ft/sec Inertial velocity magnitude (VI)
XXXXX. ft/sec Al titude rate change (HDQOT)
XXXX. X nm Al titude above pad radius (H

F. Bernardini All rights reserved Feb. 2001



CMC DATA CARDS Draft 12

BLOCK Il - NOUN CODES

63 3 XXXX. X nm Range 297,431 to splash (RTGO
XXXXX. ft/sec Predicted inertial velocity (VIO
XXbXX mn/sec Time from 297,431 (TFE)

64 3 XXX . XX g Drag accel erat or
XXXXX. ft/sec Inertial velocity (V)
XXXX. X nm Range to spl ash

65 3 00XXX. hrs Sampled AGC tine (fetched in interrupt)
000XX. mn
OXX. XX sec

66 3 XXX XX deg Command bank angl e (BETA)
XXXX. X nm Cross range error
XXXX. X nm Down range error

67 3 XXXX. X nm Range to target
XXX, XX deg Present |atitude
XXX, XX deg Present | ongitudi ne

68 3 XXX XX deg Command bank angl e (BETA)

XXXXX. ft/sec Inertial velocity (V)
XXXXX. ft/sec Al'titude rate change (RDOT)

69 3 XXX XX deg BETA
XXX. XX g DL
XXXXX. ft/sec VL

70 3 Cctal only Star code
Cctal only Landmar k dat a
Cctal only Hori zon data
71 3 Cctal only Star code
Cctal only Landnmar k dat a
Cctal only Hori zon data
72
73 3 XXXXX. nm Al titude
XXXXX. ft/sec Vel ocity
XXX, XX deg Fl i ght path angl e
74 3 XXXXX. deg Command bank angl e (BETA)
XXXXX. ft/sec Inertial velocity (V)
XXX XX ¢ Drag accel eration
75 3 XXXX. X nm Delta altitude CDH

XXbXX mn/sec Delta time (CDH CSI or TPI-CDH)
XXbXX mn/sec Delta time (TPlI-CDH or TPI - NOMTPI)

76
77
78 3 XXX XX deg Yaw angl e for P20
XXX, XX deg Pitch angle for P20
XXX, XX deg Azi muth constraint for P20
79 2 X XXXX deg/sec P20 rotation rate
XXX. XX deg P20 rotation deadband

F. Bernardini All rights reserved Feb. 2001



CMC DATA CARDS Draft 13

BLOCK Il - NOUN CODES

80 3 XXbXX mn/sec Tinme fromignition/cutoff
XXXXX. ft/sec VG
XXXXX. ft/sec Delta V (accunul at ed)

81 3 XXXX. X ft/sec Delta V (LV)
XXXX. X ft/sec
XXXX. X ft/sec

82 3 XXXX. X ft/sec Delta V (LV)
XXXX. X ft/sec
XXXX. X ft/sec

83 3 XXXX. X ft/sec Delta V (Body)
XXXX. X ft/sec
XXXX. X ft/sec

84 3 XXXX. X ft/sec Delta V (G her vehicle)
XXXX. X ft/sec
XXXX. X ft/sec

85 3 XXXX. X ft/sec VG ( Body)
XXXX. X ft/sec
XXXX. X ft/sec

86 3 XXXXX. ft/sec Delta V (LV)

XXXXX. ft/sec
XXXXX. ft/sec

87 2 XXX XX deg Mar k data shaft
XX, XXX deg Mar k data trunnion
88 3 XXXXX Hal f unit Sun or Planet vector
. XXXXX
- XXXXX
89 3 XX XXX deg Landmark | atitude
XX. XXX deg Longi tude/ 2
XXX XX nm Al titude
90 3 XXX XX nm Y active vehicle
XXXX. X fps Y Dot active vehicle
XXXX. X fps Y Dot passive vehicle
91 2 XXX XX deg OCDU angl e shaft
XX, XXX deg OCDU angl e trunni on
92 2 XXX XX deg New optics angl e shaft
XX, XXX deg New optics angle trunnion
93 3 XX XXX deg Delta gyro angl es
XX, XXX deg
XX, XXX deg
94 2 XXX XX deg New optics angl e shaft
XX, XXX deg New optics angle trunnion
95 3 XXbXX mn/sec Tinme fromignition/cutoff
XXXXX. ft/sec VG
XXXXX. ft/sec Inertial velocity magnitude

F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - NOUN CODES

96 3 XXX XX nm Y CM
XXXX. X ft/sec Y Dot CM
XXXX. X ft/sec Y Dot LM

97 3 XXXXX. System test inputs
XXXXX.
XXXXX.
98 3 XXXXX. Systemtest results and inputs
. XXXXX
XXXXX.
99 3 XXXXX. ft RV in position
XXXX. X ft/sec RVE in velocity
XXXXX. RMS option

F. Bernardini All rights reserved Feb. 2001
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Table 4

Code Regi ster(s)
00
01 (Speci fy address)
02 (Speci fy address)
03 (Speci fy address)
04
05 DSPTEML
06 OPTI ON1, +1
07 XREG

YREG

ZREG
08 ALMCADR, +1, +2
09 FAl LREG, +1, +2
10 ( Speci fy channel)
11 TCSI, +1
12 OPTI ONX, +1
13 TCDH, +1
14 VC/ O
15 (I'ncrement address)
16 DSPTEMX, +1
17 CPHI X, +1, +2
18 THETAD, +1, +2
19
20 CDUX, Y, Z
21 Pl PAX, Y, Z
22 THETAD, +1, +2
23
24 DSPTEMZ, +1
25 DSPTEML, +1, +2
26 N26/ PRI, +1, +2
27 SMODE
28
29 DSPTEML

F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - NOUN STORAGE REGQ STER NAMES

30 DSPTEML, +1, +2
31 AGECFW +1
32 - TPER +1
33 TIG +1
34 DSPTEML, +1
35 TTOGO, +1
36 TI ME2, +1
37 TTPL, +1
38 TET, +1
39 T3T0T4, +1
40 TTOGO
VGDI SP
DVTOTAL
41 DSPTEML, +1
42 HAPO
HPER
VGDI SP
43 LAT
LONG
ALT
44 HAPOX
HPERX
TFF
45 VHFCNT
TTOGO
+NMGA
46 DAPDATRI1
DAPDATR2
47 CSMVASS
LEMVASS
48 PACTOFF
YACTOFF
49 N49DI SP, +2, +4
50 RSP- RREC
HPERX
TFF
51 RHOSB
GAMVASB
52 ACTCENT

F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - NOUN STORAGE REGQ STER NAMES

53 RANGE
RRATE
RTHETA (RPHI ?)

54 RANGE
RRATE
RTHETA

55 NNI
ELEV
CENTANG

56 RTEGAMZD
RTEDVD

57 DELTAR

58 POSTTPI
DELVTPI
DELVTPF

59 DVLOS, +2, +4

60 GVAX
VPRED
GAMVAEI

61 LAT( SPL)
LNG( SPL)
HEADSUP

62 VMVAG
HDOT
ALT 1

63 RTGO
VI O
TTE

64 D
VVAG
RTGON64

65 SAMPTI Mg, +1

66 RCOLLC
XRNGERR
DNRNGERR

67 RTGONG7
LAT
LONG

68 RCOLLC
VMVAG
RDOT

69 RCOLLC

Q7
VL

F. Bernardini All rights reserved Feb. 2001
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BLOCK Il - NOUN STORAGE REGQ STER NAMES

70 STARCODE
LANDVARK
HORI ZON
71 STARCODE
L ANDMARK
HORI ZON
72
73 P21ALT
P21VEL
P21GAM
74 ROLLC
VMAG
D
75 DI FFALT
T1TOT2
T2TOT3
76
77
78 UTAW
UTPI T
AZ| MUTH
79 RATEPTC
DBPTC
80 TTOGO
VG&DI SP
DVTOTAL
81 DELVLVC, +2, +4
82 DELVLVC, +2, +4
83 DELVI MU, +2, +4
84 DELVOV, +2, +4
85 V@EBODY, +2, +4
86 DELVLVC, +2, +4
87 MRKBUFF1+3, +5
88 STARSAV3, +2, +4
89 LANDLAT
LANDLONG
LANDALT
90 YCSM
YDOTC
YDOTL
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BLOCK Il - NOUN STORAGE REGQ STER NAMES

91 CDUS
CDUT
92 SAC
PAC
93 OGC, +2, +4
94 MRKBUFI +3, +5
95 TTOXO
VGTLI
VNOW
96 RANCGE
RRATE
RRATE2
97 DSPTEML, +1, +2
98 DSPTEM?, +1, +2
99 WAPOS
WWEL
WNOPT
F. Bernardini All rights reserved Feb. 2001
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Table 5

BLOCK Il - CHECK LI ST CODES

R1 Code Action to be effected

00014 KEY I N Fi ne ali gnment option

00015 PERFORM Cel estial body acquisition

00016 KEY I N Terni nate mark sequence

00017 PERFORM M NKEY r endezvous

00020 PERFORM M NKEY pl ane change pul se torquing

00041 SW TCH CS/ SM speration to up

00062 SW TCH AGC power down

00202 PERFORM GNCS aut omati ¢ maneuver

00203 SW TCH To CMC- AUTO

00204 PERFORM SPS ginmbal trim

00409 SW TCH Optics to nmanual or zero

Not e: SW TCH denot es: change position of a console switch
PERFORM denot es: start or end of a task
KEY I N denotes: key in or data thru the DSKY
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Table 6

BLOCK 1| - OPTI ON CODES

Code Pur pose I nput for conponents
00001 Specify IMJ orientation 1 = PREF
2 = Nov
3 = REFSMVAT
00002 Specify vehicle 1 =THS
2 = OTHER
00003 Specify tracking attitude 1 = PREFERRED
2 = OTHER
00004  Specify state of tracking 0 = FULL
(= FULTKFLAG 1 = PARTI AL
00007  Specify propul sion 1 = SPS
2 = RCS
00024  Specify tracking option 0 = RENDEZVQUS, VECPO NT
1 = CELESTI AL BODY, VECPO NT
2 = ROTATI ON
4 = RENDEZVQUS, 3-AXI S
5 = CELESTI AL BODY, 3-AXIS
The specified option code will be flashed in conponent Rl
in conjunction with Verb 04 Noun 06 to request the astronaut
to load into conponent R2 the option he desires.
F. Bernardini All rights reserved Feb. 2001
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Table 7
Code Type Set by
00110 No mark since last nmark reject SEXTMARK
00113 No inbits SEXTMVARK
00114 Mark nade but not desired SEXTMVARK
00115 Optics torque request with switch not at CMC EXT VERB OPT CDU
00116 Optics switch altered before 15 sec zero tinme T4RUPT
el apsed
00117 Optics torque request with optics not EXT VERB OPT CDU
avail able (OPTIND = -0)
00120 Optics torque request with optics not zeroed T4RUPT
00121 CDUs no good at tine of mark SXTMARK
00205 Bad PI PA readi ng SERVI CER
00206 1CDU zero not allowed with coarse align + | MU MODE SW TCH
gi nbal | ock
00207 1SS turn-on request not present for 90 sec TARUPT
00210 | MJ not operating | MU MODE SW TCH
| MJ 2, RO2, P51
00211 Coarse align error > 2 degrees | MU MODE SW TCH
00212 PIPA fail but PIPA in not being used I MJ MODE SW TCH
TARUPT
00213 |1 MJ not operating with turn-on request TARUPT
00214 Program using | MJ when turned off T4ARUPT
00217 Bad return fromstall routines CURTAI NS
00220 1 MJ not aligned - no REFSMVAT R0O2, P51
00401 Desired ginbal angles yield ginbal |ock I MF ALIGN, | MJ2
00402 Crew nmust honor 2nd M NKEY torque request P52
00404 Target out of view - trunnion angle > 90 R52
degr ees
00405 Two stars not avail abl e P52, P54
00406 Rendezvous navi gation not operating R21, R23
00421 WwWMatrix overfl ow | NTEGRV
00600 Imaginary roots on first iteration P32, P72
00601 Post CSI perigee altitude | ow P32, P72
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BLOCK Il — ALARM CODES

00602
00603

00604
00605
00606
00611
00612
00613

00777

01102

01105

01106
01107

01301

01407

01426

01427

01520

01600

01601

Post CDH perigee altitude | ow
CSl to CDH tinme less than 10 ninutes

CDH to TPl tinme less than 10 m nutes
Nunber of iterations exceed | oop maxi mum
DV exceeds 1000 fps

No TI G for given elevation angle

State vector in wong sphere of influence

Re-entry angle out of limts

PIPA fail caused |ISS warning

AGC sel f test error
Downl i nk t oo fast
Uplink too fast

Phase table failure,
destroyed

ARCSI N- ARCCOS argunent too | arge
VG i ncreasi ng

| MJ unsati sfactory

| MJ reversed
V37 request not

permitted at this tinme

Overflowin drift test

Bad | MJ torque

assune erasabl e nenory

P32, P72

P32, P72, P33,
P73

P32, P72
P32, P72, P37
P32, P72
P34, P74

P37

P37

TARUPT

SELF CHECK
TARUPT
TARUPT
RESTART

| NTERPRETER

S40. 8
P61, P62
P61, P62

V37

OPT PRE ALI GN
CALI B

OPT PRE ALI GN
CALI B

01703 Insufficient tinme for integration, TIG was R41
sl i pped
03777 1CDU fail caused the |ISS warning TARUPT
04777 1CDU, PIPA fails caused the |ISS warning TARUPT
07777 1MJ fail caused the | SS warni ng TARUPT
F. Bernardini All rights reserved Feb. 2001
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BLOCK Il — ALARM CODES

10777 I MJ, PIPA fails caused the | SS warni ng TARUPT
13777 IMJ, 1CDU, PIPA fails caused the ISS warning T4RUPT

20430 * Integration abort due to sub-surface state ALL CALLS TO

vect or I NTEG
20607 * No solution from Tl ME- THETA or TI ME-RADIUS TI METHET,
TI MERAD
20610 * LAMBDA less than unity P37
21204 * Negative or zero waitlist call WAI TLI ST
21206 * Second job attenpts to go to sleep via Pl NBALL

keyboard and di spl ay program
21210 * Two prograns using device at the sane tine | MJ MODE SW TCH
21302 * SCQRT called with negative argunent abort | NTERPRETER

21501 * Keyboard and display alarmduring internal Pl NBALL
use (NVSUB), abort

21502 * Illegal flashing display GOPLAY

21521 * P01 or PO7 illegally selected PO1, PO7

31104 ** Delay routine busy SERVI CE ROUTI NES
31201 ** Executive overflow - no vacant areas EXECUTI VE

31202 ** Executive overflow - no core sets EXECUTI VE

31203 ** WAitlist overflow - too nmany tasks WAl TLI ST

31211 ** |llegal interrupt of extended verb SEXTMARK

Not es: * POODQOO abort, does software restart (ENEMA) and "GO TO POOH!
(flashing Verb 37) unless "AVERAGE G' is running then only
software restart

** Bailout abort, does software restart (ENEMA)
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Table 8

BLOCK Il — COMPUTER PROGRAMS

Program

Phase Nunber Programtitle

PRE_LAUNCH 00 CMC idling

AND SERVI CE 01 Prel aunch or service - initialization
02 Prel aunch or service - gyro conpassi ng
03 Prel aunch or service — optical

verification of gyro conpassing

06 GNCS power down
07 Systens test

BOCST 11 Earth orbit insertion nonitor (EQ)
15 TLI initiate/cutoff

COAST 20 Uni ver sal tracking
21 Ground track determ nation
22 Orbital navigation
23 C sl unar m dcourse navigation
24 Rat e- ai ded optics (|l andmark tracking)
27 CMC updat e
29 Time to | ongitude

PRE- THRUST 30 External Delta V

TARGETI NG 31 Hei ght Adj ust nent Maneuver (HAM
32 Co-elliptic Sequence Initiate (CSl)
33 Constant Delta altitude (CDH)
34 Transfer Phase Initiation (TPI)
35 Transfer Phase (TPF)
36 Pl ane Change (PCM
37 Return To Earth (RTE)

THRUSTI NG 40 SPS
41 RCS
47 Thrust nonitor
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BLOCK Il — COVMPUTER PROGRAMS

ALI GNMENT 51 | MJ orientation determ nation
52 I MJ realign
53 Back-up I MJ orientation determ nation
54 Back-up | MJ realign
ENTRY 61 Entry - preparation
62 Entry - CM SM separation and pre-entry
maneuver
63 Entry - initialization
64 Entry - post 0.05 g
65 Entry - up contro
66 Entry - ballistic
67 Entry - final phase
PRE- THRUSTI NG 72 LM Co-el liptic Sequence Initiation (CSI)
OTHER VEHI CLE targeting
73 LM Constant Delta altitude (CDH) targeting
74 LM'Transfer Phase Initiation (TPI)
targeting
75 LM transfer phase (nidcourse) targeting
76 LMtarget Delta V
77 CSMtarget Delta V
79 Rendezvous final phase
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BLOCK Il — COMPUTER ROUTI NES

Table 9

Nunber Nane Called/Initiated by

ROO Fi nal automatic request termnate &0 TO POH

RO1 Erasabl e and channel nodification routine V25N07

RO2 | MJ status check P20, P22, P40, P47,
P52, P54, P61, P62,
RO5, R63

RO3 Digital autopilot data | oad V48

RO5 S-Band ant enna angl es V64

RO7 M NKEY Control | er Not in Al5 Cards

R21 Rendezvous tracking sighting mark V57

R22 Rendezvous tracking data processing P20

R23 Backup rendezvous tracking and sighting

mar k V54

R30 O bit paraneter display V82

R31 Orbit paraneter display nunber one V83

R33 CMC/ LGC cl ock synchroni zati on VO6N65

R34 Rendezvous paraneter display nunber two V85

R36 Rendezvous out - of - pl ane di spl ay Va0

R40 SPS thrust fail P40

R4l State vector integration (MD to AVE) P40, P41, P47, P61

R50 Coarse align P52, P54

R51 Fine align P52, P54

R52 Aut omati c optics positioning P20, P22, P23, R51

R53 Si ghting mark P23, P51, R52

R54 Si ghting data displ ay P51, R51

R55 Gyro torquing R51

R56 Alternate LGS sighting mark P53, R51

R57 Optics calibration P23

R60 Alternate LGS sighting mark P23, P40, R61,
R62, V89

R61 Tracking attitude P20, R52
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BLOCK Il — COMPUTER ROUTI NES

R62 Crew defined maneuver V49
R63 Rendezvous final attitude R61, V89
R64 Bar becue node routine V79
R67 Uni versal pointing P20
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Table 10
Cct al Ri ght
St ar Vis. Ascension Declination
Code  Nane Mg. (HR MN) (HR MN)
1 Al pha Andronedae (Al pherat z) 2.1 0 06 +28 53
2 Beta Ceti (D phda) 2.2 0 42 -18 11
3 Gamma Cassi opei ae (Navi) 2.2 0 54 +60 27
4 Al pha Eridani (Achernar) 0.6 1 36 -57 25
5 Al pha Ursae Mnoris (Polaris) 2.1 1 58 +89 06
6 Theta Eridani (Acanar) 3.4 2 57 -40 26
7 Al pha Ceti (Menkar) 2.8 3 00 +03 56
10 Al pha Persei (M rfak) 1.9 3 22 +49 44
11 Al pha Tauri (Al debaran) 1.1 4 34 +16 26
12 Beta Orionis (Rigel) 0.3 5 12 -08 15
13 Al pha Aurigae (Capella) 0.2 5 13 +45 57
14 Al pha Carinae (Canopus) -0.9 6 23 -52 40
15 Al pha Canis Maioris (Sirius) -1.6 6 44 -16 40
16 Al pha Canis Mnoris (Procyon) 0.5 7 37 +05 19
17 Gamma Vel or um ( Regor) 1.9 8 08 -47 14
20 lota Ursae Mioris (Dnoces) 3.1 50 +48 30
21 Al pha Hydrae (Al phard) 2.2 9 26 -08 30
22 Al pha Leoni s (Regul us) 1.3 10 06 +12 09
23 Beta Leoni s (Denebol a) 2.2 11 47 +14 46
24 Gamma Corvi (G enah) 2.8 12 13 -17 20
25 Al pha Crucis (Acrux) 1.6 12 24 -62 49
26 Al pha Virginis (Spica) 1.2 13 23 -10 58
27 Eta Ursae Majoris (Al Kkaid) 1.9 13 46 +49 30
30 Theta Centauri (Menkent) 2.3 14 04 -36 11
31 Al pha Bootis (Arcturus) 0.2 14 14 +19 22
32 Al pha Corona Boreal. (Al phecca) 2.3 15 33 +26 50
33 Al pha Scorpii (Antares) 1.2 16 27 -26 21
34 Al pha Trianguli Austr. (Atria) 1.9 16 43 -68 56
35 Al pha Ophi uchi (Rasal hague) 2.1 17 33 +12 35
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BLOCK Il — STAR / PLANET LI ST

36 Al pha Lyrae (Vega) 0. 18 36 +38 45
37 Sigma Sagittarii (Nunki) 2. 18 53 -26 20
40 Al pha Aquilae (Altair) 0.9 19 49 +08 46
41 Beta Capricorni (Dabi h) 3.2 20 19 -14 54
42 Al pha Pavoni s (Peacock) 2.1 20 23 -56 51
43 Al pha Cygni (Deneb) 1.3 20 40 +45 09
44 Epsi | on Pegasi (Enip) 2.5 21 42 +09 42
45 Al pha Piscis Austr. (Fomal haut) 1.3 22 56 -29 49
46 Sun
47 Earth
50 Moon
00 Pl anet
St ar No. St ar No. St ar No.
Acamar 6 Canopus 14 M rfak 10
Acher nar 4 Capel | a 13 Navi 3
Acr ux 25 Dabi h 41 Nunki 37
Al debar an 11 Deneb 43 Peacock 42
Al kai d 27 Denebol a 23 Procyon 16
Al phard 21 Di phda 2 Pol ari s 5
Al phecca 32 Dnoces 20 Rasal hague 35
Al pherat z 1 Eni f 44 Regor 17
Altair 40 Fomal haut 45 Regul us 22
Ant ar es 33 G enah 24 Ri gel 12
Arcturus 31 Menkar 7 Sirius 15
Atria 34 Menkent 30 Spi ca 26
Vega 36
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Table 11

BLOCK || — AUTOPI LOT CONFI GURATI ON DATA (Noun 46)

DAP data | oaded into conponents R1 and R2 upon request by flashing

VO6N46.
Rl = ABCDE ( DAPDATRIL)
A B C D E
Vehi cl e X-transl for X-transl for Attitude Maneuver
Config. Quad A/C Quad B/ D Deadband Rat e
0=No DAP 0=Di sable A/C 0O=Disable BID 0=+/-0.5 deg 0=0.05 deg/s
1=CsSM 1=Use A/C 1=Use B/ D 1=+/-5.0 deg 1=0.2 deg/s
2=CSM & LM 2=0.5 deg/s
3=CSM & SI VB 3=2.0 deg/s
6=CSM & LM
(ascent stage
onl y)
R2 = ABCDE ( DAPDATRR)
A B C D E
Rol | Quad Quad A Quad B Quad C Quad D
Sel ect St at us St at us St at us St at us
0=Use B/ D 0=Di sabl e 0=Di sabl e 0=Di sabl e 0=Di sabl e
1=Use A/ C 1=Use 1=Use 1=Use 1=Use
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Table 12
BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

| NTRODUCTI ON

The Command Modul e Computer software, named Col ossus, is a collection
of Prograns and Routines that can be executed automatically or by user
conmand.

Prograns are usually invoked explicitly by the user while Routines are
often executed in background or as result of the execution of a
Program Prograns are collected in Major Modes that corresponds with
Gui dance and Navi gati on m ssion phases:

- pre-launch and service

- boost (launch, EQ and TLI)

- coast (and navi gation)

- pre-thrusting (orbital and rendezvous maneuveri ng)

- thrusting

- I MJ alignnent

- entry

- pre-thrusting other vehicle (rendezvous maneuveri ng)

This description will give a quick overview of the Maj or Mddes and of
the Prograns available to the astronauts to acconplish the mission
phases.

Astronauts' interaction with the CMC is by nmeans of the DSKY (D splay
and Keyboard) whose use is detailed in another document (** REF **).

[ 0] PRE- LAUNCH AND SERVI CE

POO - CMC Idling

POO is the programthat will be invoked after switching the CMC on, or
where execution is brought after a 'reset' is commanded by the user or
after a major software error. From POO the user can switch to any

ot her node whil e a background routine keeps propagating the state
vector of both the CSMand the LM The know edge of the state vector
for the second vehicle is needed to performrendezvous cal cul ations
and target tracking functions.

PO1 — Initialization

PO1 is used to initialize the inertial platformbefore |aunch
orientating its nenbers in the best position to better measure
attitudes and accel erations during the boost phase. After the
initialization is acconplished the CMC transitions automatically to
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

P02 - Gyroconpassing

P02 where the inertial platformorientation is maintai ned agai nst
Earth rotation (gyroconpassing). User can here change |aunch azi nuth
orientation for last mnute corrections (nmainly due to | aunch del ays).
This programwi |l wait the enabling of the Lift-off Discrete to
automatically transition to P11 for the boost phase. Wile waiting the
user can sel ect

PO3 - Optical Verification of Gyroconpassing

P03 to perform an optical verification of gyroconpassing by neans of
sighting two different targets with the optical subsystens. Any
sighting error can be used to torque one platformgyro and correct the
azimuth error.

P06 — CMC Power Down

P06 is used to put the CMC in Stand-By and, eventually, to switch it
off. Wiile in Stand-By node the CMC will only update the G ound

El apsed Tine. Fromthis state, the CMC can be brought to Operate and
POO can then be sel ected.

[1] BOOST (LAUNCH, EO AND TLI)

P11 - Earth Obit Insertion Mnitor

P11 is automatically activated after P02 sense that the Lift-off

Di screte has been enabled by first notion detectors on the |aunch
vehicle. Fromthat nonment on, the CMC will conpute the roll and pitch
attitude errors conparing the actual values with those stored in a
progranmed profile. In case the Saturn Inertial Platformshould fai
the CMC can be commanded to provide the Saturn Instrunment Unit
attitude information. In other cases the user can select manua
operations and comand Saturn steering by neans of the control stick.
Trajectory paraneters are al so avail abl e by neans of dedicated

di spl ays, while acceleration forces are integrated with the Average G
algorithm As soon as orbit is achieved the user will transition the
CMC to POO.

P15 - Trans Lunar Injection Initiate/Cutoff

P15 is selected to nonitor initiation and termnation (or Cutoff) of
the Trans-Lunar Injection burn which is controlled by the Saturn

I nstrunment Unit. In case of need the CMC can be selected to conmmand
the TLI burn and steer the Saturn.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

[ 2] Coast and Navi gation

P20 - Universal Tracking

P20 is the main programto nanage attitude and attitude rates of the
CSM Managi ng attitude neans selecting a target and pointing an
arbitrary line of sight to it (and keeping it pointed, that is
tracking it). Managing attitude rates nmeans selecting the rate of
change of attitude during pointing naneuvers or defining a constant
rotation rate about an arbitrary spacecraft axis. This programis
therefore used also to point optics to requested targets such as a
celestial body or even another vehicle such as the LM

P21 - Ground Track Determ nation

P21 is used to obtain data on the ground track of either the CSM or
the LM Gound track is the path of the vehicle projected on the
surface of the celestial body around which the orbit devel ops. The
user can nonitor geographic coordinates, altitude and attitude data
referred to the local vertical

P22 - Orbital Navigation

P22 is the main navigation programfor the CSM and enabl es the user to
updat e spacecraft position and velocity by nmeans of optical sightings

taken of selected | andmarks on Earth or Moon. Final results are given

as estimated difference between conputed speed and vel ocity and act ual
stored state vector

P23 - G slunar M dcourse Navigation

P23 is like the previous one but enables position updates by neans of
sighting of stars and their elevation with respect of Earth, or Nbon,
horizon. Final results are given as estimted difference between
conmput ed speed and vel ocity and actual stored state vector.

P24 - Rate Aided Optics Tracking

P24 enabl es the user to |l ocate and acquire a selected | andmark on
Earth or Moon surfaces and to continue tracking it letting the CMC
drive the optics.

P27 - AGC Update

P27 enabl es the user to update nenory |locations inside the CMC. This
programis often used on board to update/correct liftoff tine and to
read/wite the state vector being integrated. M ssion Control nakes
use of this programto also update CSM state vector form ground
observati ons.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

P29 - Tinme O Longitude

P29 is used to conpute the tinme of passage over a specified |ongitude
with the assunption that no applications of thrust will be made.

[ 3] PRE- THRUSTI NG ( ORBI TAL AND RENDEZVOUS MANEUVERI NG

P30 - External Delta-V

P30 conputes the total Delta-V and the Engine G nbal angles for the
burn targeting data provided by the user. Qther paranmeters such as
orbital ones that will be obtained after the maneuver are al so
conput ed.

P31 - Hei ght Adjustnent Maneuver (HAM

P31 is the first of a series of prograns used in sequence to conpute
burn paraneters for the various rendezvous maneuvers. The Hei ght

Adj ust ment Maneuver is used to establish initial conditions for the
successful conpletion of a standard rendezvous. Paraneters cal cul ated,
and stored, are for an in-plane maneuver but out-of-plane status is

al so di spl ayed

P32 - CSM Coel i ptic Sequence Initiation (CSI)

P32 is used to conpute burn paraneters to performthe begi nning of the
concentric rendezvous flight plan. This maneuver is nmainly an apsida
line rotation maneuver. Paraneters stored are for an in-plane burn but
out-of -plane status is also shown.

P33 - CSM Constant Delta Altitude (CDH)

P33 is used to conpute burn paraneters for the rendezvous nmaneuver,
which will establish a quasi-constant altitude difference between the
participating spacecrafts. Again stored paraneters are for an in-plane
burn but out-of-plane status is also conputed and shown.

P34 — CSM Transfer Phase Initiation (TPl) Targeting

P34 is used to conpute a series of paraneters to subsequently perform
the burn, which will start bringing the two vehicles closer. This
maneuver i s perfornmed under predeternined |ine-of-sight conditions.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

P35 - CSM Transfer Phase M dcourse (TPM Targeting

P35 is used to performcorrection maneuvers after the execution of the
previ ous maneuver therefore conpensating deviation fromthe initial
estimates. During previous rendezvous targeting prograns the presence
of P20 running in background to perform sighting marks was not
explicitly required. In this case P20 will be automatically activated
if not already running to performattitude tracking of the target.

P36 - Pl ane Change (PC) Targeting

P36 is an additional rendezvous program used to conpute paraneters to
correct out-of-plane conditions after CSI or, if needed, after CDH
t 0o.

P37 — Return To Earth

P37 is a burn targeting programused to conpute burn paraneters to
establish the desired return to Earth trajectory outside the Mon's
sphere of influence.

[4] THRUSTI NG

P40 - SPS Thrusting

P40 is mainly used to automatically perform countdown, ignition,
thrusting and shutdown for a previously targeted burn, which wll
enpl oy the main SPS engi ne. After program activation a series of
operations are also perforned to align the IMJto the thrust vector,
to align the ginballed engine and to orient the CSMto the burn
attitude. Two different steerign options are available: Delta-V
steering and Lanbert steering. Orbital and various other paraneters
are made avail abl e.

P41 - RCS Thrusting

P41 is mainly used in providing assistance to performa manual ly
controlled RCS only burn previously targeted. RCS burns are used
mai nly when required Delta-Vs are less than 7 fps. O her
characteristics are simlar to those of the previous program

PA7 - Thrust Monitor

P47 is used to nonitor applied Delta-V during manual controll ed burns.
The programis mainly used during the final phases of a rendezvous and
it makes available different displays to read the CSMstatus and its
position and velocity in relation to that of the target vehicle.
Generic orbital paraneters are al so avail abl e.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

[5] | MJ ALI GNVENT

P51 - IMJ Oientation Deterni nation

P51 is another of the nost inportant AGC prograns (together with the
next one) and is used to neasure the exact orientation of the Inertial
Measurenment Unit by nmeans of sightings of two different celestial

bodi es. When IMJ alignnment is lost or need to be refined this program
enables the user to restore its orientation, and that of the CSM in
space.

P52 - I MJ Realign

P52 is used to change I MJ orientation fromone reference to anot her.
M ssi on phases have the IMJ oriented in the npst convenient way
dependi ng on the kind of planned naneuvering. There are different
orientations for the |launch pad, the | anding area and that cal cul ated
for a generic maneuver. The re-orientation will require sightings of
two cel estial bodies to conplete the operation.

P53 - Backup IMJ Orientation Deternination

P53 is like P51 but requires the use of a backup optical device
i nstead of the tel escope or the sextant.

P54 - Backup | MJ Realign

P54 is like P52 but requires the use of a backup optical device
i nstead of the tel escope or the sextant.

6] ENTRY

P61 — Entry Preparation

P61 is used to performa series of initialization tasks to be
acconpl i shed before begi nning the entry phase. The tasks i nclude
checking I MJ alignnent and the programis used to input splashdown
coordi nates and conpute a series of paranmeters to be used for EMS
(Entry Monitor Systen) initialization. After displaying the results
the AGC transitions to

P62 - CM SM Separation and Pre-Entry Manoeuver.

P62 is used to coordinate with the AGC the separation of the CMfrom
the SM After this event the entry DAP is activated and target data
can be nodified. Values to orient the CMto the right entry attitude
are shown and when the attitude is within linmts the AGC transitions
to
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

P63 — Entry Initialization

P63 is used to display a series of paraneters related to entry
equations. The DAP (Digital Auto Pilot) is given control of the
vehicle attitude and when a drag acceleration of 0.05 g is sensed the
AGC transition to

P64 — Entry Post 0.05 G

P64 initiate entry guidance in terns of roll attitude, drag | evel and
various thresholds. Entry displays are nade available to the user.
Dependi ng on entry condition the AGC will automatically transition to
P67 (Final Phase) or to P65 (Controlled Skip Phase).

P65 — Entry Upcontrol

P65 execute entry upcontrol guidance steering the CMfor a controlled
exit and successive re-entry (never used after Earth orbit missions).
Entry displays are nade available to the user. If conditions during
exit permit the AGCwill transition automatically to P67 (Final Phase)
otherwise it will transitions to

P66 — Entry Ballistic

P66 will maintain CM attitude before atnospheric reentry after the
skip out. Desired attitude angles are shown as other entry displays
are kept available. At reentry, or when 0.2 g of drag acceleration are
sensed the AGC transitions to

P67 — Entry Final Phase

P67 continues entry guidance for target coordinates. Entry displays
are kept available to the user. At a relative speed of 1000 fps
(correspondi ng approximately to an altitude of 65.000 ft) the program
term nates.

[ 7] PRE- THRUSTI NG OTHER VEHI CLE

P72 - LM Coel liptic Sequence Initiation (CSI) Targeting

P72 is used to perform LM active rendezvous targeting calculations in
the AGC. Results regarding the CSI maneuver will then be transmtted
to the LM for execution of the respective burn. The type of
conputation is identical to that perforned under P32 (targeting only)
for a CSM acti ve rendezvous.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

P73 - LM Constant Delta Altitude (CDH) Targeting

P73 is used to performLM active rendezvous targeting calculations in
the AGC. Results regarding the CDH maneuver will then be transnmtted
to the LM for execution of the respective burn. The type of
conputation is identical to that perforned under P33 (targeting only)
for a CSM active rendezvous.

P74 - LM Transfer Phase Initiation (TPl) Targeting

P74 is used to performLM active rendezvous targeting calculations in
the AGC. Results regarding the TPl maneuver will then be transmtted
to the LM for execution of the respective burn. The type of
conputation is identical to that perforned under P34 (targeting only)
for a CSM active rendezvous.

P75 - LM Transfer Phase M dcourse (TPM Targeting

P75 is used to performLM active rendezvous targeting calculations in
the AGC. Results regarding the TPM maneuver will then be transmtted
to the LM for execution of the respective burn. The type of
conputation is identical to that perforned under P35 (targeting only)
for a CSM active rendezvous.

P76 - Target Delta V

P76 is used to notify the AGC that the target vehicle (LM has
executed an orbital maneuver of a determined Delta V. This will permt
the AGC to update the target vehicle state vector. Delta V values in

| ocal vertical coordinates shown are those fromthe |ast LMtargeting
cal cul ation perforned (see P72 ... P75).

P77 - CSM Target Delta V

P77 is used to notify the AGC that the CSM has executed (or wll
execute) an orbital maneuver of a determined Delta V. This will permt
the AGC to update the CSM state vector without need to nmeasure
thrusting accelerations. Delta V values in |ocal vertical coordinates
shown are those fromthe |ast CSMtargeting cal cul ation perforned (see
P32 ... P35).

P79 - Final Rendezvous

P79 is used to performthe final X-axis orientation for the final
phase of the rendezvous (braking phase) and to conmpute and displ ay
rendezvous paraneters including range to target and rel ative speed
(range rate).
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

THE M NKEY CONTROLLER ROUTI NE

To reduce the anmount of DSKY operations that the user has to perform
whil e acconplishing a partial or full rendezvous a special routine,
named M NKEY (for M N mum KEYi ng), has been included in Col ossus. This
routine will automatically sequence the rendezvous manuevers targeting
prograns and will al so handl e execution of P20 for tracki ng purposes
and of P40 or P41 for execution of the burn. P76 can al so be
automatically invoked to update the AGC after each LMburn. (In

noni nal operations the CSMis passive during the rendezvous and keeps
computing LMtargeting burns to follow its approach).

The M NKEY controller will also automatically deternmine if nultiple
CSI maneuvers are needed, if the Plane Change naneuver is to be
performed, and will performtw P35 cal culations for two MCC (Md

Course Correction) burns. The sequence ends with execution of P79.

The M NKEY controller can be activated at any of six different points
in the rendezvous sequence. After selecting any of the rendezvous
maneuver prograns (P31 ... P36) the AGCC will permt a choice between
using the M NKEY controller or the manual procedure.

NOTES

Cener al consi derati ons

AGC programs are run in a very closed environnent where single nmenory
| ocations are accounted for sonme peculiar significance. Therefore,

nost of them perform conputati ons whose results are both showed to the
user, and stored in predetermned nenory locations. In fact,
conputations results presented to the user are exactly the display of
those | ocations, which are identified by DSKY Noun codes. Linking
prograns one after another is easily possible because specific
prograns | ook for data in |ocations where other prograns, previously
run, or running in background, |eave results.

When nore than one program are running users can interact directly
with only one, the foreground program Background prograns, which
requi res user attention, use the KEY REL indicator to request user
intervention. Cenerally speaking, users at any tine can recall the

di spl ay associated with certain nmenory |ocations and therefore nonitor
the status of a background program Even background prograns routines
can be executed because each AGC routine is assigned a different code.

G osing renarks

Learning to use the AGC, with both the CSM software (Col ossus) or the
LM one (Luminary) is not too hard if one has the know edge of the
practical problens that can be solved with it.
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BLOCK Il — CMC PROGRAMS DESCRI PTI ONS ( COLOSSUS)

In fact, it is not nmuch different than operating in any technica
profession with an ol d progranmabl e pocket cal cul ator (such as the
first generation HPs or Tls) with scores of short prograns than had to
be | oaded one after another to acconplish a conpl ex task

Today Col ossus or Luninary functions can be inplenented in a nodern
pocket cal cul ator, such as the HP38/48, with the only limtation that
the control functions would be |ost due to the "limted capabilities”
in direct interfacing offered by such consumer products.

Engi neers usual |y experience pl easure when good desi gn choices are
propagated in future devel opnents of a project or are even inherited
by new projects. Sone of our readers can therefore enjoy the know edge
that sone nunbering of CMC Prograns, and the notion of Mjor Modes,
have been propagated in the Space Shuttle software. In fact the
Shuttle software (both the redundant set PASS and the backup BFS) is
divided in Maj or Modes as foll ows:

MM 000 Pre-1aunch and mai nt enance
MM 100 Ascent

MM 200 Coasting and maneuvering
MM 300 Entry

MM 600 Launch aborts

MM 800 Syst ens checkout

In MM 200 the main programis called Universal Pointing and perforns
t he sane tasks, and some others, of the Apollo Universal Tracking
program

Apart fromthe nore evident differences between the two environnents,
one less noticeable is that switching between Major Mdes in the CMC
is practically imediate since all the prograns are stored in the core
nmenory, while switching Major Mddes in the Shuttle PASS (Primary

Avi oni cs System Software) is a slow process since the prograns for the
sel ected npdes nmust be read by a tape device. Only MM 100 and MM 600
are | oaded at the same tine in the GPCs nenories.

F. Bernardini All rights reserved Feb. 2001
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