
















































































































































































































































































































































































































































































































































































































































































































































































































































































5. 2. 3. 21 RR/ LR Self Test Routine (R04) 

The RR/ LR self test routine is called by keying in V62E. (See Fig. 5-35.) 

This routine is selected to provide suitable DSKY displays and LGC downlink in­

formation to support the self tests of the rendezvous or landing radar. 

5. 2. 3. 22 Orbit Parameter Display Routine (R30) 

To display the apogee altitude, the perigee altitude, and the time of free 

fall to 300, 000 feet altitude above the launch pad radius, the orbit parameter ,, 

display routine is called, (See Fig. 5-36. ) This routine may be called by · 

• 
keying V82E.' If the perigee altitude is less than or equal to 300,000 . 

feet, the time to perigee is also displayed. 1 

5. 2. 3. 23 Rendezvous Parameter Display Routine (R3i) 

To display the range and range rate between the CSM and LM and to display 

the angle between the LM +Z axis. and the local horizontal plane at the present 

time, the rendezvous parameter display routine is called by keying V83 E. (See 

Fig. 5-37.) Range and range rate are calculated on the basis of LM and CSM 

state vectors. The RR is not re_quired to be operating. 

5. 2. 3. 24 Target Delta V Routine (R32) 

To notify the LGC that the CSM has changed its orbital parameters by ex­

ecution of a thrusting maneuver and to also provide to the LGC the CSM delta V 

applied for updating the CSM state vector, the target-delta V routine is called 

by keying V84E. (See Fig. 5-38.) If P20 is in process, this routine must be 

selected prior to the CSM thrusting maneuver. If R32 is selected during state 

vector updating within P20, the vector updating process is temporarily terminated 

until the CSM delta V is incorporated into the CSM state vector. 
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KEY V22E 
LOAD 
DESIRED 
CODE 

KEY V62E 

IS THE CURRENT 
PROGRAM POD? 

FL V04 N06 YES NO 
00004 
oooox 

r-----, BLANK 

YES 

QPR ERR 
LT ON 

EXIT 
R04 

KEY PRO 

NO 

IS RR AUTO MODE 
DISCRETE PRESENT? 

YES 

SEND AUTO TRACK 
ENABLE TO RR 

READ RR CDU ANGLES 
AND RANGE AND RANGE 
RATE ON AL TERN ATE 
SECONDS 

YES 
KEY PRO 

FL VIG N72 
TRUNNION 
SHAFT 
BLANK 

WISH TO 
MONITOR RANGE 

NO 
FL V50 N25 

00201 

EXIT 
R04 

Fig. 5-35. RR/ LR self test routine (R04) (sheet 1 of 2) . 
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KEY PRO 

NO 



EXIT 
R04 

READ LR 
PARAMETERS 
EACH SECOND 

FL Vl6 N66 
RANGE 
POSITION 
BLANK 

FL Vl6 N78 
RANGE 
RANGE RATE 
BLANK 

EXIT 
R04 

NO 

4 

'---~----------------t~l 
Fig. 5-35. RR/ LR self test routine (R04) (sheet 2 of 2) . 
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YES 
KEY V32E 

KEY V82E 

IS AVE G ON 7 

YES 

SET LGC ASSUMED 
OPTION TO 00001 

FL V04 N06 
00002 
oooox 
BLANK 

EXTRAPOLATE SELECTED 
VEHICLE STATE VECTOR 
TO PRESENT 

COMPUTE APO ALT AND 
PER ALT AND TFF 

FL Vl6 N44 
HA 

EXIT 
R30 

HP 
TFF 

KEY PRO 

KEY V22E 
LOAD DE­
SIRED DATA 

Fig . 5-36. Orbit parameter display routine (R30). 
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KEY V83E 

EXTRAPOLATE 
STATE VECTORS TO 
PRESENT TIME 

IS AVE G ON? 

NO 

EXTRAPOLATE CSM 
STATE VECTORS TO 
AVE G TIME 

EXTRAPOLATE CSM AND LM 
STATE VECTORS TO PRESENT 
USING KEPLER SUBROUTINE 

WAIT 0.5 SEC 

CALCULATE RANGE, RANGE 
RATE AND THETA 

FL V0G N54 
RANGE 
RANGE RATE 
THETA 

WISH TO TERMI· 
NATE THIS 

EXIT 
R31 

Fig. 5-37. · Rendezvous parameter display routine (R31). 
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V25E 
LOAD CORRECT 

DELTA V 

V25E 
LOAD CORRECT 

TIG 

V84E 

START TARGET 
DEL TA V 
ROUTINE 

FL V06 N84 
DEL TA VX, Y, Z (OV) 

CORRECT ONES 
EXECUTED 

BY CSM? 

YES 
PRO 
FL V06 N33 

TIG (OV) 

IS THE 
VALUE THE 

CORRECT 
TIME AT WHICH 

THE CSM 
EXECUTED? 

.YES 
PRO 

UPDATE CSM STATE 
VECTOR TO REFLECT 
THE DEL TA V ADDED. 

SET NO UPDATE 
FLAG. ZERO RR 
TRACKING MARK 

COUNTER. 

EXIT 
R32 

Fig. 5-38 . Target Delta V routine (R32) flow diagram. 
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5. 2. 3. 25 LGC Clock Synchronization {R33) 

The LGC/ CMC clock synchronizati on routine is entered by keying in VO~ N65. 

(See Fig. 5-39.) Upon keying an ENTR the LGC records the contents of the LGC 

clock at the time of the ENTR. The crew members in both vehicles will synchro­

nize by voice the time of the ENTR into their respective DSKY's and will then 

get ~he time displayed so a comparison can be made. 

5. 2. 3. 26 Rendezvous Out-of- Plane Display Routine {R36) 

Rendezvous out-of-plane display routine is entered by keying in V90 (see Fig. 

5-40). The LGC displays at the request of the astronaut, the LGC calculated out 

of plane parameters; Y, Y dot, and Y and Y dot represent the out-of-plane position 

and velocity. The third display is the angle between the line of sight and the for­

ward direction, measured. in the local horizontal plane. 

5. 2. 3. 27 AGS Initialization Routine {R47) 

• 
The AGS initialization routine is entered by keying in V47 (see Fig. 5-41 ). 

This routine provides the AGS electronics assembly with the LM and CSM state 

vectors. 

5. 2. 3. 28 Attitude Maneuver Routine {R60) 

To pe r form a LM or CSM/ LM attitude maneuver, the attitude maneuver rou­

tine is called by the program in process. It is called by P40, P41, P42, & Rol. "rhe 

final attitude has been stored by the calling program and is usually defined as a 

specific body fixed vector ;and : direction in space in which this vector is to be 
I ~ . • 

aligned. 

The attitude maneuver may be performed automatically by the PGNCS or 

performed manually with an optional final automatic PGNCS controlled trim 
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DO I HAVE A PRE­
CISE VALUE FOR THE 
DIFFERENCE BETWEEN 
THE CMC & LGC CLOCKS? 

NO 

KEYV06N65' 
ENTR* 

RECORD CONTENTS 
OF LGC CLOCK AT 
TIME OF ENTER 

DISPLAY 
V06 N65 

HRS 
MIN 
SEC 

RECORD 

COMPUTE DIFFERENCE 
BETWEEN LGC & CMC 
CLOCK TIMES 

KEY 
REL 

EXIT 
R33 

EXIT 
R33 

YES 

KEY VS SE 
HRS 
MIN 
SEC 

F . 5 39 LGC/ CMC clock synchronization rout ine (R33). 19. - . 
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KEY V90E 

SETT (EVENn TO ZERO 

FL V06 N 16 
GET (EVENT) 

DO 
I WISH LGC 

TO COMPUTE 
PARAMETERS 
FOR PRESENT 

TIME? 

KEY PRO 

AM 
I SATISFIED 

WITH DISPLAYED 
TIME? 

IS T (EVENT) ZERO? 

NO 

EXTRAPOLATE LM AND 
CSM STATE VECTORS 
TOT (EVENT) 

EXIT 
R36 

YES 

EXTRAPOLATE LM AND 
CSM STATE VECTORS 
TO PRESENT 

FL V06 N90 
y 
Y DOT 
PSI 

fig. 5-40. Rendezvous out-of-plane display routine (R36) . 
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IS THE 
DISPLAYED VALUE 
OF K THE CORRECT 

G.E.T. OF LAST 
AEA CLOCK 

ZERO? 

YES 
RECORD 
KEY PRO 

WAIT 
20 SECONDS 

EXTRAPOLATE CSM AND LM STATE 
VECTORS TO PRESENT. TRANSFORM 
INTO IMU COORDINATES. SUBTRACT 
K, PLACE EACH COMPONENT ON AGC 
INITIALIZATION DOWNLINK LIST AND 
TRANSMIT THIS LIST TEN TIMES. 

KEY V47E 

IS THE REFSMMAT FLAG SET? '----------_.! NO 
YES 

FL'V06 N 16 

FL V06 N 16 
K HRS 
K MIN 
K SEC 

FL VOS N09 
00220 

RSET 
___ .... KEY REL 

EXIT R47 

KEY V32E 
KEY ENTR ON 
DSKY & DEDA 
SIMULTANEOUSLY 

RECORD G.E.T. 
AND STORE ASK 

KEY V25E 
LOAD NEW 
VALUE OF K 

IS IMU IN USE 

NO YES 

ZERO ICDU'S AND WAIT 1'2 SEC. 

FL VSO N 16 

-------~ KEY PRO 
OR V34E 

EXIT 
R47 

Fig. 5-41. AGS initialization routine (R47). 
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maneuver. (See Fig. 5-42.) This optional trim maneuver should be considered 

essential for maneuvers to DPS or APS thrusting. 

The final vehicle attitude is calculated to meet the attitude specification in 

such a way as to conserve RCS fuel and constrain any unspecified degree of free­

dom. Hence, the PGNCS capability to perform an automatic maneuver is compro­

mised if the LM attitude is changed by manual inputs after the initial trim maneuver 

is performed. The maneuver rate and the vehicle configuration have been entered 

into the LGC by DSKY entry within R03 prior to R60 being called . 

A manual maneuver must be monitored on the FDAI ball to avoid gimbal lock. 

Prior to the automatic maneuver, the LGC calculates the possibility of gimbal lock; 

however, the automatic maneuver should also be monitored. Hence, during the 

automatic maneuver any ACA inputs are interpreted by LGC as a manual over-

ride which causes termination of the LGC calculated maneuver. 

5. 2. 3. 29 Crew-Defined Maneuver Routine (R62) 

The crew-defined maneuver routine is entered by keying in V49E. (See Fig. 

5-43.) This routine provides the crew with the ability to specify a final vehicle 

attitude for use by an LGC controlled attitude maneuver. 

5. 2. 3. 30 Rendezvous Final Attitude Routine (R63) 

The rendezvous final attitude routine is entered by keying in V89E . (See 

Fig. 5-44.) This routine calculates and displays the final FDAI ball angles 

required to point the LM +Z or +X axis at the CSM. 

5. 2. 3. 31 LR Spurious Test Routine (R77) 

The landing radar spurious test routine is entered by keying in V78E. (See 
. 

Fig. 5-45.) 

This routine reads out the range and velocity data from the landing radar and 

puts it on the LGC downlink. 
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AUTOMATICALLY 
CALLED BY LGC 
SELECTION 

OBTAIN DESIRED ATTITUDE 
SPECIFICATION FROM THE 
CALLING PROGRAM 

RESET MANUAL FLAG. 

NO 

CALCULATE FINAL 
VEHICLE ATTITUDE 

IS 3 AXIS 
FLAG SET? 

SELECT GIMBAL ANGLES 
CORRESPONDING TO PRE­
FERRED VEHICLE ATTITUDE 
AND PRESENT IMU ORIENTATION 

TRANSFER FINAL IMU 
ANGLES TO FINAL 
FOAi ANGLES 

FL V50 N 18 
ROLL 
PITCH 
YAW 

SHALL I 
PROVIDE THE 

PGNCSWITH THE 
CAPABILITY TO 
PERFORM THE 
MANEUVER? CURRENT 

GUI D CONT - PGN S PROGRAM 
MODE CONT- ATT HOLD...,.._· _P_O_O?_._...j GUI D CONT - PGN S 

MODE CONT-AUTO 
KEY PRO 

OR NO YES 
GUI D CONT - AGS 
KEY ENTER 

SET MANUAi:. FLAG 

Fig. 5-42 Attitude maneuver routine (R60) (sheet 1 of 3) . 
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IS 3 AXIS FLAG SET? 

,IS THIS AN R61 

INITIATED 

MANEUVER ? 

NO 

EXIT 
R60 

YES 

NO 

CALCULATE FINAL 
VEHICLE ATTITUDE 

TRANSFORM FINAL IMU 
ANGLES TO FINAL 
FOAi ANGLES 

IS THE PGNCS IN AUTO MODE? 

DO ROO 
EXIT R60 

YES 

IS MANUAL 
FLAG SET? 

NO 
DISPLAY 
V06 N 18 
ROLL 
PITCH 
YAW 

INHIBIT X AXIS 
OVERRIDE IN OAP 

DOES A 
. PROG ALARM 

INDICATE POSSIBLE 
NO MGA > 70°? 

YES 

NO 

SELECT PROPER 
GIMBAL ANGLES 

CONSULT 
BACKUP PRO­

CEDURES 

Fig . 5-42 Att i tude maneuver rout ine (R60) (sheet 2 of 3) . 
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! RESET 3 AXIS FLAG 

EXIT 
RGO 

NO 

IS GIMBAL 
LOCK IMPENDING 
OR DO I WISH TO 

COMPLETE MANEUVER 
MANUALLY ANYWAY? 

WAIT FOR COMPLETION OF 
ICDU DRIVE AND RELEASE 
OF X-AXIS OVERRIDE 

PLACE MODE SWITCH 
TO ATT HOLD 

SELECT 
PGNS 
CONTROL 
AND 
PLACE 
MODE 
CONTROL 
SWITCH 
IN AUTO 

KEY ENTER 

RES[l MANUAL FLAG. 

Fig . 5- 42 Attitude maneuver routine (R60) (sheet 3 of 3). 
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CONTROL 
AND 
PUT 
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CONTROL 
SWITCH 
IN ATT HOU 



KEY V49E 

IS CURRENT PROGRAM POO? 

YES 

DO I 

FL V06 N22 
OG 
IG 
MG 

WISH TO KEY IN 
NEW GIMBAL 

ANGLES? 

SET 3 AXIS FLAG 

DO R60 
EXIT R62 

NO 
OP ERR LT ON 

EXIT 
R62 

Fig. 5-43. Crew-defined maneuver routine (R62) . 
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KEY V89E 

IS PROGRAM POD 
· 1N PROCESS? 

YES 

DO R02 

FL V04 N06 
00003 
oooox 

NO 
OP ERROR LT ON 

EXIT R63 

,CALCULATE FINAL FOAi 
BALL ANGLES REQUIRED TO 
POINT DESIRED AXIS AT CSM 

FL V06 N 18 
ROLL 
PITCH 
YAW 

SHALL I 
ALLOW G&N TO 

DRIVE SPACECRAFT 
TO DESIRED 
ATTITUDE? 

RESET 3 AXIS FLAG 

DO R60 
EXIT R63 

EXIT R63 

Fig. 5-44. Rendezvous final attitude routine (R63) . 
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KEY V78E 

SAMPLE EACH LR VELOCITY 
BEAM ANO RANGE BEAM ONCE 
EACH SEC ANO PUT THIS DATA 
ON THE LGC DOWNLINK 

NOTE: TO TERMINATE 
KEY V79E 

Fig. 5-45. LR spurious test routine (R77). 
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5. 2. 3. 32 Nonroutine Extended Verbs 

A number of extended verbs are provided to call up LGC tasks which are not 

classified as routines. They provide the LGC with extra capabilities not used 

in normal operations. Most of them can not be used while another extended verb 

(including callable routines) is active. 

5. 2. 3. 32. 1 Fresh Start Extended Verb (V36). This verb (Fig. 5-46) provides 

the crew with the capability of commanding a LGC fresh start. This can be done 

at any time the LGC is on. However, if it is commanded during state vector 

integration, the state vector may be invalidated. Although REFSMMAT is not 

disturbed, the REFSMMAT flag is reset, since this routine resets all flags. An 

!MU orientation determination program (P51 or P53) must be pe rformed to re­

establish the REFSMMAT flag. A fresh start may also be forced by simultaneously 

pressing the RSET and MARK REJECT pushbuttons. A fresh start should not be 

commanded unnecessarily. 

5. 2. 3. 32. 2 IMU-CDU Zero Extended Verb (V40 N20). This verb-noun (Fig. 

5-47) is used to synchronize the ISS CDU counters and the CDU counters in the 

computer. It also switches the !MU from the coarse align to the fine align mode. 

· It cannot be entered when the !MU is in coarse align mode with a gimbal lock. 

It is primarily intended for ground use. For in-flight alignment the !MU align­

ment programs P51 and P52 should be used. 

5. 2. 3. 32. 3 RR-CDU Zero Extended Verb (V40 N72). This verb-noun (Fig. 

5-48) is used to zero the RR CDU's, and to determine the mode of the RR antenna. 

This extended verb is selected by DSKY entry and can be selected at any time. 
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V36E 

INDICATE NO RCS JETS TO BE TURNED ON . SCHEDULE RESTART 
OF CURRENT DOWNLIST, INITIALIZE RADAR FLAGS, SET 
TIME 3 = 37777 , TIME 4 = 37775, TIME 5 = 37774, SET T5RUPT 
FOR OAP IDLER PROGRAM. 
ZERO CHANNEL 11, EXCEPT ENGINE ON , OFF AND ISS WARNING 

CHANNEL 13, EXCEPT TELEMETRY BITS, RESET TRAPS 
& T6RUPT BITS 

CHANNEL 14, EXCEPT GYRO ENABLE BIT 
TERMINATE WAITLISTED TASKS, CLEAR ALL EXECUTIVE 
REGISTER SETS. INDICATE NO ACTIVE JOBS, MAKE ALL VAC 
AREAS AVAILABLE. SET DIDFLG FOR T4RUPT 

BLANK DSKY REGISTERS 
(PROGRAM , VERB, NOUN , Rl, R2, R3) 

q 

. - - .. ·- . 
RESET EXTENDED VERB ACTIVITY INTERLOCK, RESET DISPLAY 
ASTRONAUT INTERFACE FLAGS, INITIALIZE RADAR FLAGS, 
INITIALIZE PIPA AND TELEMETRY FAIL FLAGS 

BLANK DSKY STATUS LIGHTS 

CLEAR FAIL REGISTERS, SELF CHECK ERROR COUNTER AND 
RESTART COUNTER. IN ITIALIZE ATTITUDE ERROR DI SPLAY 
FLAGS, RESET STANDBY FLAG, INITIALIZE DOWNLINK WITH 
P00 DOWNLIST, ENABLE AGS INITIALIZATION , RESET UPSVFLAG, 
ZERO OUTPUT CHANNELS, 5, 6, 12, 13 & 14, SET ENGI NE OFF 
(CH 11 BIT 14) CLEAR PHASE TABLE, INITIALIZE IMU (INHIBIT 
IMU FAIL) 

' 
CLEAR IMU FAIL INHIBIT, INITIALIZE OAP, INHIBIT 
OAP TURN ON AND ERROR NEEDLE DISPLAY UNTIL 
ICDU'S ARE ZEROED. RESET ALL FLAGWORDS 
(EXCEPT IDLE FLAG, BIT 7 FLAGWORD 7 AND 
R31 FLG BIT 4 FLAGWORD 9) 

C EXIT 

Fig. 5-46 . Fresh start (V36) . 
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V40N 20E 

IS A MODE SWITCHING 
OR GYRO TORQUING 
IN PROCESS 

NO 

IS ISS IN COARSE 
ALIGN MODE WITH 
GIMBAL LOCK? 

NO 

YES 

YES 

OPR ERR LT ON 

ENTER CDU 
ZERO MODE 

PROGL T - ON* 

V41N 20E 
RSET 

NO ATT - OFF GO TO EXTENDED 
VERB 41 

AND ZERO ICDU'S 

COMMAND OAP OFF 
SET ICDU ZERO DISCRETE 
SET INHIBIT ICDU 
FAIL DISCRETE 
CLEAR ICDU 
READ COUNTERS 

WAIT 320 M SEC. REMOVE ICDU ZERO DISCRETE 
WAIT 10 SEC. REMOVE INHIBIT ICDU FAIL DISCRETE 
COMMAND OAP ON 
ENTER FINE ALIGN MODE. WAIT 4 SEC. 

RETURN TO 
PROGRAM IN 

PROCESS 

*FOR DISPLAY OF ALARM 
CODE 00206, KEY V05N 09E 

Fig. 5-47. ICDU-zero extended verb (V40). 
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KEY V40 N72E 

IS A DESIGNATE OR READ 
SEQUENCE IN PROCESS 

NO 

IS REPOSITION 
FLAG SET? 

NO 

NO 

IS RR TURN ON 
FLAG SET? 

YES 

SET RR CDU 
ZERO FLAG 

EXIT 

SET RR CDU ZERO DISCRETE. 
WAIT 20 MILLISECONDS. ZERO 
LGC RR CDU CTRS. REMOVE 
RR CDU ZERO DISCRETE. WAIT 
4 SECONDS. RESET RR CDU 
ZERO FLAG. 

YES 

SET RR 
ANTENNA 
MODE TO 1 

IS TRUNNION 
ANGLE <90 °? 

NO 

SET RR 
ANTENNA 
MODE TO 2 

UPDATE TRACKER FAIL LT 

IS RR AUTO MODE DISCRETE PRESENT? 

YES NO 
PROG LT ON (00 510) 

EXIT EXIT 

YES 

EXIT 

Fig . 5-48. RR CDU zero extended verb (V40 N72). 
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5. 2. 3. 32 . 4 Coarse Align ISS E xtended Ve r b (V41 N20). This verb-noun 

(Fig. 5-49) is used to align the IMU to an orientation specified by the operator. 

It can be used to align the gimbals to zero when in coarse align mode with a 

gimbal lock (when V 40 cannot be used). The operator loads the gimbal angles or 

the change in gimbal angles desired. The IMU is then aligned accordingly. This 

verb can only be used when no other extended verb is active. 

5. 2. 3. 32. 5 Rendezvous Radar Coarse Align Extended Verb (V41 N72) . This 

verb-noun (Fig. 5- 50) is used to drive the rendezvous radar shaft and trunnion 

to angles specified by the astronaut. The process may be selected only when no 

other extended verb is active and may not be selected if P20 or P22 is running. 

5. 2. 3. 32 . 6 Torque Gyros Extended Verb (V42). This verb (Fig. 5-51) is 

used to fine align the stable member by torquing the gyros . The process is crew 

selected by DSKY entry and may be selected only when no other extended verb 

is active. 

5. 2. 3. 32. 7 Load IMU Attitude Error Needles Extended Verb (V43). This 

verb (Fig. 5- 52) is used to load astronaut specified angles into the FDAI error 

needles. The operator loads the angles desired and these are displayed on the 

FDAI error needles. The maximum angle that can be loaded is 16. 88 degrees; 

any angle greater than that is interpreted at 16. 88 degrees. This verb can only 

be entered from FOO. It cannot be entered if another extended verb is active 

except prior to liftoff. 

5.2.3.32.8 W Matrix RMS Error Display. This verb (Fig. 53) provides 

a means of displaying W Matrix Information a nd reintializ ing the W Matrix if 

desired. 

5. 2. 3 . 32.(9 ' Increment LGC Time Extended Verb (V55). Th. _ 1s verb (Fig. 

5-54) provides the crew with the capability to change the LGC clock time. This 

routine serves as a backup method to program P27 for updating the LGC clock 

time. 
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OPR ERR 
LT ON 

V41 N20E 
IS A MODE SWITCH OR GYRO 
TORQUING IN PROCESS? 

NO 

IS ANOTHER EXTENDED 
VERB ACTIVE? 

NO 
YES 

SET EXTENDED VERB 
ACTIVITY INTERLOCK. 

QPR ERR LT - ON 

RSET 

FL V21 N22 
OGA,IGA,MGA 

RETURN TO 
PROGRAM IN 

PROCESS 

IS ISS IN COARSE ALIGN? 

NO 

ZERO ISS ERROR CTRS. ENTER 
COARSE ALIGN MODE. TURN ON 
"NO ATT" LT. DISABLE DAP 
MODES. INHIBIT IMU FAIL. RE­
SET TRACK AND REFSMMAT FLAG 
8_N D DRIFT FLAG. 

YES 

COARSE ALIGN IMU TO STORED ANGLES. 
WAIT 1.5 SEC. READ GIMBAL ANGLES. 

EXIT 

DOES 
PROG ALARM 

INDICATE GIMBALS 
DID NOT DRIVE TO 

WITHIN 2° OF 
DESIRED 
ANGLES? 

(POSSIBLE 
ALARM 
00211) 

KEY V41 N20E 

Fig. 5-49. Coarse alion extended verb (V41 N20) . 
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V41 N72E 
". 

IS A DESIGNATE OR 
-----,-&,----:~~---IS A DESIGNAiE OR-DATA READ 

READ SEQUENCE IN PROCESS? IN PROCESS? 

YES NO 

OPR ERR 
LT ON 

IS_ANOTH~R EXTENDED VERB ACTIVE? 

NO YES 

IS RENDEZVOUS FLAG SET? 

oooox 
0000 I LOCKON 

NO YES QPR ERR LT ON ---------~ 
SET EXTENDED VERB 
ACTIVITY INTERLOCK 

FL V04 NOG 
00006 
oooox 

FL V21 N73 
TRUNNION 
SHAFT 
BLANK 

RSET 

\_ EXIT 

00002 CONTINUOUS T 
DESIGNATE DESI 

NO 
V22E 

LOAD 
DESIRED 

CODE 

IS OPTION CODE 00001? 

YES 

SET LO KON FL G 

•NO 

RESET LOKONFLG. SET NO ANGLE MONITOR 
AND CONTINUOUS DESIGNATE FLAGS . SET NO RR MON FLAG 

DISPLAY V41 

.... - ~ . 

Fig . 5-50. _RR coarse align extended verb 

(V 41 N72) (sheet 1 of 4) . 
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RESET EXT EN OED VERB 
INTERLOCK. IS DESIRED 
LOS WITHIN LIMITS OF 
PRESENT MODE7 

YES NO 

IS DESIRED LOS 
WITHIN LIMITS 
OF OTHER MODE? 

YES 

SET REMODE FLAG 

NO 
PROG 
LT ON (00502) 

EXIT 
SET DESIGNATE FLAG 

IS REPOSITION FLAG SET? 

NO YES 

IS REMODE FLAG SET? 
IS REMODE 
FLAG SET? 

NO YES 
YES 

INTERRUPT 
REPOSITION . 
RESET REPOSI· 
TION FLAG 

IS CURRENT RR MODE P 

YES 

COMMAND RR CDU'S TO 
PLACE ANTENNA IN 
MODE 2. SET RR MODE TO 2 

NO 

NO 

COMPLETE 
REPOSITION 

COMMAND RR CDU'S 
TO PLACE ANTENNA 
IN MODE 1. SET RR 
MODE TO 1. 

RESET REMODE FLAG 

Fig. 5-50. RR coarse align extended verb (V41 N72) (sheet 2 of 4). 
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3 

YES 

T 
SET DESIGNATE CTR= 60 

COMPUTE RR SHAFT AND TRUN­
NION DRIVE COMMANDS 

IS CONTINUOUS DESIGNATE FLAG SEP 

NO 

IS DESIGNATE FLAG SET? 

YES NO 

IS RR CDU FAIL DISCRETE PRESENT? 

YES . 
PROGL TON 
(00515) 

NO 

EXIT [ EXIT 

CLEAR AUTO 
TRACKER 
ENABLE 

HAVE 30 SECONDS ELAPSED WITHOUT 
RECEIVING DATA GOOD DISCRETE? 

NO 

DECREMENT 
DESIGNATE 
COUNTER 

IS EITHER SORT 
COMMAND >0.5°? 

YES NO 

CLEAR RR AUTO 
TRACKER ENABLE 

IS LOKONFLG SET? 

YES 

RESET DESIGNATE FLAG, 
CLEAR RR AUTO TRACKER 
ENABLE, CLEAR ERROR 
CTR ENABLE, TURN ON 
PROGRAM ALARM. (00503) 

EXIT 

Fig . 5-50. RR coarse align extended verb (V41 N72) (sheet 3 of 4). 
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0 
YES 

ENABLE RR AUTO 
TRACKER. IS RR DATA 
GOOD DISCRETE PRESENT? 

SEND SHAFT & 
TRUNNION CMD'S 
TO CDU 

NO 

,_ NO 

YES 

RESET DESIGNATE FLAG 

CLEAR RR ERROR 
CTR ENABLE 

Fig. 5-50. RR coarse align extended verb (V41 N72) (sheet 4 of 4). 
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DO I 
WANT TO LOAD 
A DEL TA GYRO 

ANGLE GREATER 
THAN 99.999 

DEG? 

V21 N02E* 
02500E 
XXXXXE 
Nl5E 
XXXXXEE 
YYYYYEE 
YYYYYEE 
ZZZZZEE 
ZZZZZEE 

*THE DOUBLE PRECISION 

N 

V42E 

GYRO TORQUING REGISTERS 
MUST BE LOADED AS INDICATED 

IS ANOTHER EXTENDED 
VE RB ACTIVE? 

NO YES 

QPR ERR 

RSET SET EXTENDED VERB 
ACTIVITY INTERLOCK 

FL V21 N93 
GYRO ANGLES 

RETURN TO 
PROGRAM IN 

PROCESS 

DID 
I LOAD 

REGISTER 
BEFORE 
KEYING 
V42E? 

V42 ..,_..,_ ____ ---; 
.----------.......... 

IS IMU BEING CAGED? 

NO 

. ENTER FINE ALIGN MODE AND 
· ENABLE OAP AUTO & HOLD 

MODES. 
NO ATT - OFF 

PULSE 
GYROS THROUGH 
DESIRED ANGLES 

RESET EXTENDED VERB 
ACTIVITY INTERLOCK 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig . 5-51. Fine align extended verb (V42). 
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V43E 

IS MODE CONTROL IN 
0 FF POSITION IS COARSE ALIGN ENABLE BIT SET? 

NO 
QPR ERR 
LT ON 

NO 

IS P00 
OPERATING? 

YES 

IS ANOTHER NO 
EXTENDED 
VERB ACTIVE? 

NO YES 
'-__. __ __,,......,._ __ __,J 

SET EXTENDED VERB 
ACTIVITY INTERLOCK. 
CLEAR ERR CTR ENABLE 

DISPLAY 
V43 

ENABLE ERROR CTR. 
WAIT 320 MILLISEC. 
TURN ON CDU X, Y, 
AND Z DRIVES. 

RESET EXTENDED VERB 
ACTIVITY INTERLOCK 

RETURN TO 
PROGRAM IN 

PROCESS 

FL V21 N22 
OGA 
IGA 
MGA 

RETURN TO 
PROGRAM IN 

PROCESS 

OPR ERR LT ON 
RSET 

RETURN 
TO PROGRAM 
IN PROCESS 

YES 

Fig. 5-52 . Load IMU attitude error needles extended verb (V43) . 
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NO 

V45E 

IS EXTENDED VERB 
ACTIVITY FLAG SET 

NO YES 

SET EXTENDED VERB 
ACTIVITY INTER LOCK 

OPR ERRLTON 

RESET V45 FLAG, CALCULATE RMS 
POSITION AND VELOCITY ERRORS 

YES 

COMPUTE NEW 
W MATRIX 
I NITIALIZATI ON 
VALUES BASED 
ONNEWPOS 
& VEL ERRORS 

FL V06 N99 
POS ERR 
VEL ERR . 
BLANK 

RESET REND W FLAG 

RESET EXTENDED VERB 
ACTIVITY FLAG 

V24E 
LOAD 
NEW 
VALUES 

Fig·. 5-53 W matrix RMS error display (V45) 
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V55E 

IS ANOTHER EXTENDED 
VERB ACTIVE? 

NQ YES 

OPR ERR LT-ON 

SET EXTENDED VERB 
ACTIVITY INTERLOCK 

FL V21 N24 
L. CLOCK TIME 

NO 

PRO 
(OR V34E) 

RETURN TO 
PROGRAM IN 

PROCESS* 

ADD LOADED TIME 
TO CMC CLOCK TIME 

RESET EXTENDED VERB 
ACTIVITY INTERLOCK 

RETURN TO 
PROGRAM IN 

PROCESS 

*THIS EXTENDED VERB 
CANNOT BE PERFORMED 
UNTIL PRESENTLY 
ACTIVE EXTENDED 
VERB fS TERMINATED 

Fig. 5-54. 1 lncrementLGC time extended verb (V55) . 
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5. 2. 3. 32. 10 · Command LR to Position 2 Extended Verb (V61). This verb (Fig. 

5-55,) drives the landing radar to position two (final approach). The process may 

be selected only when no other extended verb is active. 

5. 2. 3. 32. 11 Restart Extended Verb (V69). This verb (Fig. 5-56) is used to 

force an LGC restart. The V69E does not directly command a restart but forces 

the LGC into a transfer control trap which in turn causes a restart. 

5. 2. 3. 32. 12 Initialize Erasable Dump Via Downlink Extended Verb (V74). 

This verb (Fig. 5-57') starts the downlink of all eight banks of erasable memory. 

The astronaut can choose to have the banks downlinked one, two, or four, times. 

This choice can be made before or after entering V74. All other downlink activity 

is inhibited during the verb. Once the process is started, it can only be terminated 

by running to completion, by keying V69E for a restart, or by keying a fresh 

start (V36E). The last is not recommended since it also invalidates the stored 

state vector and resets the REFSMMA T flag. 

5. 2. 3. 32. 13 Minimum Impulse Extended Verb (V76). This verb (Fig. 5-58) 

enables the minimum impulse mode of the DAP. The minimum impulse mode will 

remain enabled until cancelled by rate mode selection or a fresh start. This verb 

may be selected at any time. 

5. 2. 3. 32. 14 Rate Command Extended Verb (V77). This verb (Fig. 5-59) 

enables the rate command mode of the RCS DAP. The rate command mode will 

remain enabled until cancelled by minimum impulse mode selection. The process 

may be selected any time. 

5. 2. 3. 32. 15 Enable W-Matrix Initialization Extended Verb (V93). This verb 

(Fig. 5-60) permits the crew to enable W-matrix initialization. It does this by re­

setting the RENDWFLG or ORBFLAG flags. These flags reset indicate that the 

W-matrix is invalid and must be reinitialized. 
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V61E 

IS ANOTHER PROGRAM USING EITHER RADAR 

NO 

SET EXTENDED VERB 
ACTIVITY INTERLOCK. 
IS LR IN POSITION 2? 

NO 

COMMAND LR 
TO POSITION 2 

IS LR IN POSITION 2? 

NO 

YES 

RETURN TO 
PROGRAM IN 

PROCESS 

HAVE 15 SCANS BEEN MADE? 

YES 

PROG 
LT- ON 

(00523) 

RETURN TO 
PROGRAM IN 

PROCESS 

NO 

INCREMENT SCAN 
COUNTER 

YES 
OPR ERR LT - ON 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-55. , Command LR to position 2 extended verb (V61). 
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KEY V69E 
POSSIBLE PROG ALARM LT (01107) _...,._,._ __ ... 

BRANCH (TC) 
TO SELF 

INCREMENT RESTART COUNTER 
TURN ON RESTART LIGHT 

IS NO ATT LT ON 

NO YES 

INDICATE NO RCS JETS TO BE TURNED ON. SCHEDULE RESTART OF 
CURRENT DOWN LIST, INITIALIZE RADAR FLAGS, SET TIME 3 = 37777 , 
TIME 4 = 37775, TIME 5 = 37774, SET TSRUPT FOR OAP IDLER PROGRAM. 
ZERO CHANNEL 11, EXCEPT ENGINE ON , OFF AND ISS WARNING 

CHANNEL 13, EXCEPT TELEMETRY BITS, RESET TRAPS & TGRUPT BITS 
CHANNEL 14, EXCEPT GYRO ENABLE BIT 

TERMINATE WAITLISTED TASKS, CLEAR ALL EXECUTIVE REGISTER SETS 
INDICATE NO ACTIVE JOBS, MAKE ALL VAC AREAS AVAILABLE 
SET DIDFLG FOR T4RUPT 

BLANK OSKY REGISTERS 
(PROGRAM, VERB, NOUN , Rl, R2, R3) 

R~SET EXTENDED VERB ACTIVITY INTERLOCK, RESET DISPLAY 
ASTRONAUT INTERFACE FLAGS, INITIALIZE IMU FLAGS. 

WAS AN ERASABLE MEMORY 
CHECK IN PROCESS WHEN 
RESTART OCCU RRED7 

YES NO 

HAS TH ERE BEEN AN 
OSCILLATOR FAIL? 

YES 

IS LGC WARN­
ING ON? 

YES 

NO 

HAVE BOTH MARK REJECT 
AND ERROR RESET BUT­
TONS BEEN PRESSED7 

CLEAR SELF CHECK ERROR REGIS­
TERS AND MODE REGISTERS 

YES 

2 

NO 

Fig . 5-56. Restart extended verb (Y69) (sheet 1 of 2). 
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2 

INITIALIZE DOWNLINK WITH P00 DOWNLIST, ENABLE AGS 
INITIALIZATION, RESET UPSVFLAG, ZERO OUTPUT 
CHANNELS, 5, 6, 12, 13 & 14, SET ENGINE OFF (CH 11 
BIT 14) CLEAR PHASE TABLE, INITIALIZE IMU , 
(INHIBIT IMU FAIL) 

CLEAR IMU FAIL INHIBIT, INITIALIZE DAP INHIBIT, 
DAP TURN ON AND ERROR NEEDLE DISPLAY UNTIL 
ICDU'S ARE ZEROED. RESET ALL FLAGWORDS 
(EXCEPT IDLE FLAG BIT? FLAGWORD 7 AND R31 
FLG BI_T 4 FLAGWORD 9) SELECT 5 DEG DEADBAND 

EXIT 

A 

CLEAR HIGH ORDER STALL FLAG BITS 

TURN OFF DSKY STATUS LIGHTS EXCEPT 
PROG, GIMBAL LOCK AND NO ATT 

INITIALIZE IMU FLAGS 
(INHIBIT IMU FAIL), RESET 
IMU FAILURE CODES, INITIAL· 
IZE DAP TURN ON THROTTLE 
COUNTER. IS ENGON FLG SET? 

NO YES 

TURN ENGINE ON 
(BIT 13 CH ANN EL 11) 

TEST PHASE TABLE. 
IS IT CORRECT? 

NO 

PROG 
LT- ON 

(01107) 

YES 

DISPLAY PROGRAM. WERE 
ANY GROUPS RUNNING? 

YES NO 

EXIT 
VIA 

SWRETURN 

EXIT 
VIA 

IDLELOOP 

Fig. 15- ~ti Restart extended verb (V69) (sheet 2 of 2). 
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V74E 

V21 NO lE* 
lll4E 
XX000E** 

IS ANOTHER EXTENDED 
VERB ACTIVE? 

NO YES 

*THE LOADING OF LOCATION lll4 
MAY BE DONE BEFORE OR AFTER V74E 

**XX000 SPECI Fl ES NUMBER 
0 F DUMPS DESI RED: 
20000 = 4 DUMPS 
10000 = 2 DUMPS 
04000 = 1 DUMP 

SET EXTENDED VERB ACTIVITY 
INTERLOCK & TERMINATE CURRENT 
DOWN LIST 

QPR ERR LT - ON 

RSET 

SET E BANK, WORD, 
AND DUMP COONTERS 
TO ZERO 

INITIALIZE E BANK , DUMP, 
DUMP ID, SYNC BITS, ECADR, 
AND TIME 1 

DUMP E BANK. 
INCREMENT E BANK 
COUNTER. SET WORD 
COUNTER TO ZERO. 

ARE ALL 8 BANKS 
DUMPED? 

YES NO 

INCREMENT DUMP COUNTER. 
SET E BANK COUNTER TO ZERO . 

IS DUMP COUNTER 
EQUAL TO REQUIRED 
NUMBER OF DUMPS7 

YES 

RESTORE INTER· 
RUPTED DOWNLIST 

RETURN TO 
PROGRAM IN 

PROCESS 

NO 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig . 5-57 . Initialize erasable dump via downlink extended verb (V74). 
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V76E 

SET MINIMUM 
IMPULSE ACA 
MODE FLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-58. Minimum impulse mode extended verb (V76). 
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V77E 

RESET MINIMUM IMPULSE ACA 
MODE FLAG, SET DESI RED CDU 
ANGLES = CURRENT CDU ANGLES 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-59. Rate command extended verb (V77). 
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V93E 

RESET RENDWFLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig . 5-60. Enable W-matrix initialization extended verb (V93). 
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5. 2. 3. 32. 16 Suspend State Vector Integration Extended Verb (V96). This 

verb (Fig. 5-61) allows the crew to suspend integration of the state vector during 

P00. This capability is very useful if the LGC had been in standby mode for a 

long period of time. When the LGC is brought back to operate mode, the idling 

program (P00) will begin integrating the state vector to the present time. Integra­

tion over the long shut down period is time consuming and diminished in accuracy. 

This verb can be used to suspend integration until after a state vector update is 

received from the ground. Program P00 integrates the , state vector about every 

10 minutes. This verb suspends integration for one 1 0-minute cycle only. 
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V96E 

SET QU IT FLAG? 

GO TO POO 

Fig. 5-ol Suspend state vector integration extended verb (V96) . 
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SECTION VI 

FLIGHT OPERATION PROCEDURES 

6. 1 BACKUP PROCEDURES 

The procedures of this section are intended to supplement the normal 

checklist procedures contained in section 6. 4, which comprises Volume II of 

this report. 

6. 1. 1 Turn On and Shut Down Procedures 

The following procedures are the normal power up and power down 

procedures for the various PGNCS equipment. 

6. 1. 1. 1 LGC Power Up Procedure 

This procec,lure assumes the LGC is in the standby mode. The LGC 
• 

should never be powered down below standby mode, after initial subsystem 

activation. 

1. Press PRO button. 

STBY light goes out. 

Program 06 is displayed. 

2. Key V37E 00E. 

Program display changes to 00. 

3. If state vector is to be updated, key V96E to suspend state vector 

integration for ten minutes. Repeat as often as necessary untiEupdate 

is received. 

Perform LGC update program. P27. 

4. Select desired program (key V37E XXE). 

6.1. 1. 2 LGC Power Down Procedure 

Perform program P06 (key V37E 06E). Do not power down LGC below 

standby mode, Do not leave LGC in standby mode for more than 23 hours. The 
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IMU should be shut down prior to LGC power down. 

6. 1. 1. 3 IMU Turn On Procedure 

This procedure assumes IMU standby power is on. IMU standby 

power should never be turned off, except in extreme emergency. LGC 

should be powered up before the IMU; for emergency IMU turn on while 

LGC is not operating. see paragraph 6. 3. 2. 

1. If STBY light is on, perform LGC power up procedure (paragraph) 

6. 1. 1. 1). 

2. Close IMU OPR circuit breaker. 

NO A TT light comes on for 90 seconds. 

3. When NO A TT light goes out, select an IMU alignment program 

(usually P51). 

6. 1. 1. 4 IMU Shut Down Procedure 

Open IMU OPR circuit breaker. 

Do not remove IMU standby power, except in extreme emergency. 

6. 1. 1. 5 RR Turn On Procedure 

1. Place RR heater operate CB "ON". 

(STBY CB is "ON" from Launch). Monitor temperature meter 

to insure RR temperature remains less than+ 150 °F. 

(Wait 1000 seconds minimum before preceding). 

2. Close RR power circuit breaker. 

6. 1. 1. 6 RR Turn Off Procedure 

Open RR power circuit breaker. 
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6. 1. 1. 7 LR Turn On Procedure 

1. LR heater CB is on from launch. 

(Monitor LR antenna temperature on heater temperature meter 

to insure temperature remains within+ 55 ° to+ 70 °F). 

2. Close LR power circuit breaker. 

6. 1. 1. 8 LR Turn Off Procedure 

Open LR power circuit breaker. 

6. 1. 2 LGC Self Check 

The LGC self check consists of two tests which may be commanded indi­

vidually or together. The first test checks the LGC's ability to properly 

address and read into and out of each bit in erasable memory. 

Test 2 adds all the cells of each bank of fixed memory and compares the sum 

to the bank number. They must be the same to pass the test. 

During performance of LGC self check it is recommended that certain 
... 

erasable addresses be monitored. These include the following: 

1363 (ALMCADR) - One greater than the address which contains the 
instruction to go to the ERRORS routine. It is 
loaded only when an error is detected. 

1365 (ERCOUNT) - Number of errors since last time address was 
zeroed by self check or fresh start. 
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1366 (SCOUNT) - Nurriber of times one of the two tests of self check 
was begun since last time address was zeroed. 

1367 (SCOUNT + 1) - Number of times erasable memory was successfully 
tested in self check since last time address was 
zeroed. 

The following procedure is recommended for in-flight performance of self 

check: 

1. Command P00: 

Key: V3 7E 00E 

2. Zero ERCOUNT, SCOUNT, and SCOUNT +1: 

Key: V25 N0lE 
1365E 
ENTR 
ENTR 
ENTR 

3. Start monitor of ERCOUNT, SCOUNT, and SCOUNT +1: 

Key: V15 N0lE 
1365E 

4. Command self check: 

Key: V21 N27E 
l0E 
KEY REL 

5. Monitor register R2 (SCOUNT): 

Normal indication: 00001 for about 13 seconds 

00002 for about 52 seconds 

00003 for about 13 seconds 

(successful self check go to step 7) 

Abnormal indication: PROO light comes on. 
R2 stops before 00003. 
(Go to step 6) 
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6. Record results: 

Record Rl (ER COUNT), R2 (SCOUNT), and R3 (SCOUNT +1) 

Key: V05 N09E 
Verify alarm code 01102 

Key: V05 NOSE 
Record Rl (ALMCADR) 

7. Terminate self check: 

Key: V21 N27E 
OE 

If PROG light is on, key RSET. 

8. Use following table for diagnosis of failure. 

Recorded 
SCOUNT Action to take Probable tr.0uble 

00001 1. Key: V0l N0lE Erasable memory problem. 
1374E Don't use LGC. 

2. Record Rl (SKEEP 4) 

3. Key: ENTR 
1377E 

4. Record Rl (SKEEP 7) 

5. Transmit ALMCADR, 
SKEE P 4, and SKEE P 7 
to MSFN. 

6. Terminate use of LGC 

00002 Perform SHOW BANKSUM Fixed memory trouble. LGC 
(para. 6. 1. 2). not use able. 
Transmit bank number of 
failed bank to MSFN. 
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6. 1. 3 Fixed Memory Check (SHOW BANKS UM): 

SHOW BANKSUM is an LGC routine which checks all the cells in each fixed 

memory bank. The test adds all the cells for each bank and displays the sum 

in Rl. The bank number is displayed in R2. These values must be equal for 

a successful test. If they are not, the bank has an error in it. 

Perform SHOW BANKSUM as follows: 

1. Command P00: 

Key: V3 7E 00E 

2. Check first bank: 

Key: V91E 

Monitor: Flashing V05 N0l 
Rl - Sum of cells in bank 
R2 - Bank number 

3. If Rl and R2 are the same, check next bank: 

Key: PRO 

4. Repeat steps 2 and 3 for each succeeding bank until the last bank 

{ 43) has been checked. 

5. If Rl and R2 differ for any bank, record bank number and transmit 

to MSFN. Terminate use of LGC aft.er completion of test, until fur­

ther notice by MSFN. 

6. To terminate SHOW BANKSUM: 

Key: V34E 

6 .1. 4 · LGC Input-Output Channel Check 

To determine the state of discretes to or from the LGC, the input and out­

put channels can be checked. This is done as follows: 
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1. Ke.y: V0l Nl0E 

2. Key: XXE. where XX is the number of the channel desired. 

3. Monitor Rl. which contains the 15 binary bits of the channel in octal. 

To determine the state of each bit. the octal number in the register must 

be converted to binary. This needn't be done for the entire register, but only 

for the octal digit that contains the bit in question. Bits 1, 2, and 3 of the chan­

nel word appear in digit E (first from the right) of Rl; bits 4, 5, and 6 .•• in 

digit D; bits 7, 8, and 9 ••• digit C; bits 10, 11, and 12 .•• digit B; and bits 

13, 14, and 15 ••• digit A. The following is an octal to binary conversion list: 

Octal Binary 

0 000 

1 001 

2 010 

3 011 

4 100 

5 101 

6 110 

7 111 

Table 6-1 contains the bit assignment for the output channels and Table 6-2 

for the input channels. The fourth column from the right gives the octal digit 

of R 1 which contains the bit in column two. The last column contains those 

octal numbers which indicate that the bit is active. It should be noted that the 

output channels and input channels 15 & 16 use positive logic; i.e., an active 

bit is a one and an inactive bit is a zero. The other input channels use negative 

logic; i.e., an active bit is a zero and an inactive bit is a one. 
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Table 6-1. LGC Output Channels Bit Assignment (sheet 1 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

5 Channel 5 contains pitch, roll and 
translation RCS jet commands as follows: 

1 #1 RCS 4U E 1, 5 
(-P +R -X) 

2 #2 RCS 4D E 2, 6 
(+P -R +X) 

3 #5 RCS 3U E 4, 5, 6 
(+P +R -X) 

4 #6 RCS 3D D 1, 3, 5 
(-P -R +X) 

5 #9 RCS 2U D 2, 3 
(+P -R -X) 

6 #10 RCS 2D D 4, 5 
(-P +R +X) 

7 #13 RCS 1 U C 1 
(-P -R -X) 

8 #14 RCS lD C 2 
(+P +R +X) 

6 Channel 6 contains yaw and Y and Z transla-
tion RCS jet commands as follows: 

1 #7 RCS 3F E 1, 5 
(+Yaw +Z) 

2 #3 RCS 4F E 2, 6 
(-Yaw -Z) 

3 #15 RCS lF E 4, 5, 6 
(+Yaw -Z) 

4 #11 RCS 2F D 1, 3, 5 
(-Yaw +Z) 

5 #12 RCS 2S D 2, 3 
(+Yaw +Y) 

6 #8 RCS 3S D 4, 5 
(-Yaw -Y) 

7 #4 RCS 4S C 1 
(+Yaw -Y) 

8 #16 RCS lS C 2 
(-Yaw +Y) 

' 
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Table 6-1. LGC Output Channels Bit Assignment (sheet 2 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

11 1 ISS warning E 1, 3, 5, 7 
2 Computer activity E 2, 3, 6, 7 

3 Uplink activity E 4, 5, 6, 7 

4 Temperature caution D 1, 3, 5, 7 

5 Key release flash D 2, 3, 6, 7 

6 Verb-Noun flash D 4, 5, 6, 7 

7 Operator error flash C 1, 5 

8 Spare 

9 Test connector outbit C 4, 5 

10 Caution reset B 1 

11 Spare 

12 Spare 

13 Engine on A 1, 3 

14 Engine off A 2, 3 

12 1 Zero RR CDU E 1, 3 

2 Enable RR error counter E 2, 3 

3 Spare 

4 Coarse align enable D 1, 3, 5, 7 

5 Zero ICDU's D 2, 3, 6, 7 

6 Enable !MU error counter D 4, 5, 6, 7 

7 Spare 

8 Display inertial data C 2, 6 

9 - Pitch gim bal trim C 4, 6 

10 + Pitch gim bal trim B 1,3,5,7 

11 -Roll gimbal trim B• 2, 3 

12 +Roll gimbal trim B 4, 5 

13 LR pos command A 1, 3, 5, 7 

14 RR enable auto track A 2, 3, 6, 7 

15 ISS turn on delay complete A 4, 5, 6, 7 
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Table 6-1. LGC Output Channels Bit Assignment (sheet 3 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

13 1 Radar select c E 1. 3, 5, 7 

. 2 Radar select b E 2. 3. 6, 7 

3 Radar select a E 4, 5, 6, 7 

4 Radar activity D 1. 3, 5, 7 

5 Inhibit uplink D 2. 3, 6, 7 

6 Block inlink D 4,5,6,7 

7 Downlink word order C 1. 3 

8 RHC counter enable C 2. 3 

9 Spare 

10 Test alarms B 1. 3. 5, 7 

11 Enable standby B 2. 3. 6, 7 

12 Reset rotation control trap B 4, 5, 6, 7 

13 Reset translation control trap A 1. 3, 5, 7 

14 Reset minimum impulse trap A 2. 3. 6, 7 

15 Enable T6 rupt A 4. 5. 6, 7 

14 1 Outlink activity E 1. 3. 5~ 7 

2 Altitude rate select E 2. 3. 6, 7 

3 Altitude meter activity E 4, 5, 6. 7 

4 Trust drive activity D 1. 5 

5 spare 

6 Gyro enable D 4. 5 

7 Gyro select A C * 
8 Gyro select B C * 
9 Gyro minus sign C * 

10 Gyro activity B 1,3,5,7 

11 Drive shaft CDU B 2. 3. 6, 7 

12 Drive trunnion CDU B 4, 5, 6, 7 

13 Drive ICDU Z A 1. 3. 5, 7 

14 Drive ICDU Y A 2. 3, 6, 7 

15 Drive ICDU X A 4, 5, 6, 7 

* . 
Digit 3 indicates gyro axis selected as follows: 
0 - None 2 - + Y 4 - None 6 - - Y 
1 - +X 3 - +Z 5:.. -X 7 - -z 
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Table 6-2. LGC Input Channels Bit Assignment (sheet 1 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

15 1-5 Channel 15, bits 1 through 5, contain the 
keycode from the DSKY. It appears in 
digits D and E of the register as an octal 
number (0 through 37). 

16 1 Spare 

2 Spare 

3 LM markX E 3 

4 LM mark Y D 2, 4, 6 

5 LM mark reject D 4, 5 

6 Descent+ D 3 

7 Descent - C 1 

30 1 Abort E 0, 2, 4, 6 

2 Stage verify E 0, 1, 4, 5 

3 Engine armed E 0,1,2,3 

4 Abort stage D 0, 2, 4, 6 

5 Auto throttle D 0, 1, 4, 5 

6 Display inertial data D 0,1,2,3 

7 RR CDU fail C 2, 6 

8 Spare 

9 IMU operate C 2, 3 

10 G/N control of s/ C B 0, 2, 4, 6 

11 IMU cage B 0, 1, 4, 5 

12 ICDU fail B 0, 1, 2, 3 

13 IMU fail A 0, 2, 4, 6 

14 ISS turn on request A o, 1, 4, 5 

15 IMU temperature within limits A 0, 1, 2, 3 

31 1 +EL(LPD), +PMI E 2, 6 

2 -EL(LPD), -PMI E 1, 5 

3 +YMI E 1, 2 

4 -YMI D 2, 4 

5 +AZ(LPD), +RMI D 4, 5 

6 -AZ(LPD), -RMI D 2, 3 
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Table 6-2. LGC Input Channels Bit Assignment (sheet 2 of 3) 

Numerals 
DSKY with which 

. Digit Bit is 
Channel Bit Description Position Present 

31 7 + X translation C 2, 6 
(cont.) 8 - X translation C 1, 5 

9 + Y translation C 1, 2, 3 

10 - Y translation B 2, 4, 6 

11 +Z translation B 4, 5 

12 - Z translation B 2, 3 

13 Attitude hold A 2 

14 Auto stabilization A 1 

15 Attitude control out of detent A 1, 2, 3 

32 1 Thruster 2-4 fail E 0, 2, 4, 6 

2 Thruster 5-8 fail E 0, 1, 4, 5 

3 Thruster 1- 3 fail E 0,1,2,3 

4 Thruster 6-7 fail D 0, 2, 4, 6 

5 Thruster 14-16 fail D 0, 1, 4, 5 

6 Thruster 13-15 fail D 0,1,2,3 

7 Thruster 9-12 fail C 0, 2, 4, 6 

8 Thruster 10-11 fail C 0, 1, 4, 5 

9 Gimbal off C 0, 1, 2, 3 

10 Apparent gimbal fail B 6 

11 Spare 

12 Spare 

13 Spare 

14 Proceed A 5 . 
33 1 Spare 

2 RR power on/ auto E 1, 4, 5 

3 RR range low scale E 1, 3 

4 RR data good D 0, 2, 4, 6 

5 LR data good D 0, 1, 4, 5 

6 LR position 1 D 0, 1, 2, 3 

7 LR position 2 C 0, 2, 4, 6 
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Table 6-2. LGC Input Channels Bit Assignment (sheet 3 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

33 8 LR velocity data good C 0, 1, 4, 5 
(cont.) 

9 LR range low scale C 0,1,2,3 

10 Block uplink input B 0, 2, 4, 6 

11 Uplink too fast B 0, 1, 4, 5 

12 Downlink too fast B 0, 1, 2, 3 

13 PIPA fail A o. 2, 4, 6 

14 Warning A 0,1,4,5 
15/ 16 OSC alarm A 0,1,2,3 
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6.1. 5 Erasable Memory Verification and Update 

The contents of any erasable memory address may be checked. This is 

useful in determining the condition of flags or the value of pertinent parameters. 

Any address may be checked as follows: 

1. Key: VOl NOlE 
XXXXE, where XXXX is address desired 

2. Monitor Rl for contents of address. 

The data displayed in Rl is octal, to determine the state of an individual 

bit (such as when checking a flagword) an octal to binary conversion is neces­

sary just as in checking the input-output channels (see para. 6. 1. 3). 

The contents of erasable memory addresses can be changed; however, 

great care must be exercised to prevent destroying valid data by keying an 

incorrect address. Update erasable memory as follows: 

1. Command POO: 

Key: V37E OOE 

2. Start update: 

Key: V21 NOlE 

3. Load address: 

Key: XXXXE, where XXXX is address to be loaded 

4. Load data: 

Key: XXXXXE, where XXXXX is data to be loaded in octal 

5. If more than o~e nonsequential address is to be loaded, repeat 

steps 3 and 4 until all addresses are loaded. 
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6. If a number of sequential addresses are to be loaded, after the first 

data load, 

Key V15E 

and repeat step 4 until all addresses are loaded. 

After loading data verify data word as follows: 

1. Start data display: 

Key: V0l N0lE 

2. Load address: 

Key: XXXXE, where XXXX is address of data to be verified 

3. Verify data word in Rl. 

4. If the data in a number of sequential addresses are to be verified, 

Key: N15E 

Verify second data word in Rl 

Key: ENTR 

Verify third data word in Rl 

Key: ENTR 

Continue process until all data words are verified. 

6. 1. 6 PIPA Bias Check 

The PIPA bias can be checked and updated as follows: 

1. Set digital event timer (DET) to zero_. 

2. Obtain SC rates of less than 0. 1 degree per second. 

3. Key: V25 N21E 
ENTR 
ENTR 
ENTR 
V06 N21 

6-15 



4. Simultaneously key ENTR and start DET. 

5. Record PIPA counts Rl, R2, and R3. 

Rl - X axis PIPA 
R2 - Y axis PIPA 
R3 - Z axis PIPA 

6. When DET reads 00: 32 key ENTR. 

7. Record PIPA counts as in step 5. 

8. Compute PIPA bias for each axis as follows: 

N - N 
F I= PIPA bias 
100 

where: NF is number of counts for an axis recorded in step 7. 

N1 is number of counts for same axis recorded in step 5. 

9. Check presently stored bias as follows: 

Key: V06 N0lE 
1452E 

Record X axis PIPA bias from Rl. 

Key: 1454E 
Record Y axis PIPA bias from Rl. 

Key: 1456E 
Record Z axis PIPA bias from Rl. 

1 o. Compute difference between measured (step 8) and $tored (step 9) 

values of PIPA bias for each axis. If the values differ by more than 
. 

±19200 perform step 11; if not, go to st~p 12. 

11. Key: V21 N0lE 
14XXE, where 14XX is address of applicable PIPA bias as in­

dicated in step 9 
XXXXXE, where XXXXX is measured (step 8) value of PIPA bias 

12. Key: V37E 00E 
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· 6. 1. 7 . Gyro Drift Test 

Gyro drift can be determined from the gyro torquing angles. The test re­

quires at least two hours for accurate performance. Attitude changes during 

the test do not effect the test results. Test procedures are as follows: 

1. Perform !MU realign program P52. 

2. During gyro torquing routine (R55), record gyro torquing angles 

(FL V06 N93) and time (to nearest 2 minutes), and command gyro 

torquing (PRO). 

3. After two hours repeat steps 1 and 2. 

4. The last recorded torquing angles is the gyro drift in degrees to the 

nearest 0. 001 degree. Convert to MERU by the following formula: 

D = Torquing angle (deg) X 6 7 me 
Time (hours) ru 

6. 1. 8 Flagword Monitor and Change 

The status of LGC flags may be monitored by the following procedure, ex­

cept during P27. The state of any flag, except those in bit positions 1, 2, and 

3, may be changed by this procedure: 

1. Monitor desired flagword: 

Key: VllN0lE 

Key: Flagword address (CADR) of desired flagword as follows. 

Flagword Address 

0 74E 

1 75E 

2 76E 

3 77E 

4 l00E 

5 l0lE 

6 102E 
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Flagword 

7 

8 

9 

10 

11 

Check flag status in Rl. 

Address 

103E 

104E 

105E 

106E 

107E 

The data displayed in Rl is in octal, to determine the state of an individual 

flag, an octal to bihary conversion is necessary just as in checking the input-output 

channels as described in paragraph 6.1.3. Flagwords are listed in Section 2 of R,-557. 

Continue with rest of procedure only if changing a flag state is desired. 

2. Store flag change program in erasable memory: 

Key: V25 NOlE 
300E 
XXXXE, where XXXX equals 

7714 to· set flag and 
7734 to reset flag 

XXXXZE, where XXXX is octal number of bit to be inserted 
and Z is the flagword number. 

4634E 

3. Establish stored program as a task: 

Key: V25 N26E 
lE 
300E 
OE 
V31E 

4. Monitor flagword: Repeat step 1. 

6-18 



6. 2 MALFUNCTION PROCEDURES 

Table 6-3 lists PGNCS caution and warning and other malfunction indications 

and the corrective action to be performed for each. 

To test the reliability of DSKY alarm indicators (GIMBAL LOCK, PROO, 

TRACKER, TEMP, and RESTART) key in V35E on the DSKY keyboard. This 

will also light the UPLINK ACT, KEY REL, OPR ERR, NO ATT, and STBY 

indicators and display B's and +'s on the numerical panel. After five seconds, 

these displays go out. 

Table 6-3 also provides corrective action for alarm codes which appear with 

program alarms (PROO indicator lighted). Alarm codes which are caused by 

procedural errors are not included in Table 6-3. A complete list of Sundance 

program alarms is given in Table 2-2. 

Table 6-4 provides special subroutines used in conjunction with the mal­

function procedure of Table 6-3. 

6. 3 EMERGENCY PROCEDURES 

6. 3. 1 Tumbling IMU 

1. Position IMU CAGE switch to the on· (up) position until gimbals settle 

at the zero position (about 5 seconds); then set to off (down) position. 

2. Perform IMU orientation determination program (P51). 

6. 3. 2 IMU Turn On When LGC Not Operating 

1. Check that IMU OPR and IMU STBY circuit breakers are closed. 

2. Wait 90 seconds. 

3. Momentarily (about 5 seconds) set IMU CAGE switch to on (up) position, 

then return to off (down) position. 

The IMU is then aligned to the spacecraft axes. To align the IMU to a 

particular inertial orientation: 

Maneuver spacecraft to desired orientation and cage IMU (step 3 above). 
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SYMPTOM 

G&N 

LGC 

RED 

Lighted In STBY Ind QPR 
mooes by 

Prime powe r l1ilu re or 
Sulerl1ilure. 

lighted for 5 sec in STBY or 
QPR males by repeated 
1.,0. 9 pps l inu1nce d 
counter t1llure or double/ 
frequency suler l1ilure. 

Liqht«I tor 5 sec onty in 
OPR ITIClle by repeoted 
f '> O, • ppsl restarts. 

Rtslir1 IS CIUS«! by: 
RUPT LOCK 
TC TRAP 
OSC.lllATOR FAil 
PARITY FAil 
NIG HlWATClf,IAN 
or VO.TAGEF AIL. 

Ughtld fo r 5 SK onty In 
STBY mode by repeoted 
1 '> 0. 9 IIJ)SI lssUince of 
Va.TAGE FAILURE at 
+ 28¥, • 14¥, or • 4v 
power supplies. 

Power up 
>-~--'-----< NO 

PROCTDURE 

• PertormLGC >-----------I"-'-' 
power up 

CinLGC be 
powered up ? 

-------~ YlS 

YES 

NO 

NO 

C/W FAlliD OR 
LGCLT RClAY IN 

DSKY FAIUD 

YES 

11 
• RR MODE 

SLEW 
Light out? 

NO 

1) 
• RR POWER 

RR · QU 

Lilhl out? 

NO 

16 
GYRO TORQUING 

CK 

• VII N Hl 
l<IE 

4, 5 in O d Rl 7 

NO 

• IMU QPR 
P(l'l,{ROfF 

Light out? 

YES 

NO 

YES 

0lspl1yALM 

"'" 
• Y5 N9C 

NO 

• Perform Kt1on !or 
<1ispl1yed ala rm 

R{START It on 7 

12 LGC stU ck 

• Perform LGC self 
ck ISSR· ll 

Stl l ct OK ? 

YES 

14 

LCC LI sli11 ON? 

YES 

l1 W1it lorgyrotor-
qulng to terminate 
!Dot RI °CHANGiS 
to Dor 1 

Li<Jhh Out? 

NO 

YES 

NO 

11 
SHAFT OR 

TRUNNION 
COMMAND 

REGISlIR FAILURE 

LGCIIMU 
INT[llfACE 
FAILURE 

Table 6-3. G&N Malfunction Procedures 
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REMAR~S 

0 All LGC f undions Lexi. 

17\ l his R 1 readout indicates no 
\.!,,/ LGC FAi l signal lolCC 

0 If DSKY will not accept inpuls, 
lorce ii restart by simulat ne· 
ously pressing RESET and 
MARK REJECT pb's. 

f7'\ Transient condition could have 
\:...} tlllSled in eithe r LCC or CfW 

system. 

t:'\ Do not use LGC control tor 
\V all1!ude mantuven. 

G) ~~r~~P0~~u;~i:::~.~/oun1u 
t:\ Display CIC lorwU'(I & Literal 
\V Velocity & RR Oeslgnlte 

Lost. 

0 RRI\.GC interfilce lost. 

@ IMU cannot bf line 1l1gned. 

® IMU unnot bf cou se ahgned. 
Align by c.,ging and/or fine 
al ign. 

@ Use IMU tor lttitude rfference 
only. 
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