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These operating procedures apply to Flight Program 6 (FP6), As � 
written they are applicable to an earth or lunar manned mission. Some 

of the procedures were written for the lunar mission only, however, they 

can be extended to earth missions where ,necessary. 

The following is a list of significant changes between FPS and FP6: 

o Radar range rate data is entered in a slightly modi
fied way. 

o Horizontal orbit injection velocity is computed as a 
function of the central angle between the LM and CSM, 
LM altitude at time of injection, and semi-major axis 
of the predicted orb:it. 

o CDH maneuver occurs one-half or three-halves LM 
orbital periods after CSI. 

o Only the time to next maneuver (tig ) is now available. 
However, the nomenclature of tie:A• tl· 12:a and tigC 
(time of CSI, time of CDH and tlfne o arl'l, respec-
tively) has been retained for clarity. 

o The radar filter has been improved and is effective 
for ranges up to 400 n. mi. 

o The CSI solution is now found within 2 seconds and 
is no longer an iterative process. 

o Certain DEDA locations have been changed due to 
reassembling the program. 

o Accelerometer bias compensations are now decimal 
DEDA quantities rather than octal. 

o The ullage counter, 1K9, is now a decimal, DEDA 
accessible quantity. 

o On LM- 5 and subsequent, a hardware change has been 
installed which enables the ABORT STAGE push
button signal to bypass the Engine Stop pushbutton 
switch. This change affects the RCS translation 
procedures and the APS engine operation procedures. 

(Note: JjThe following symbol is used to denote changes be.tween FPS and � FP6 - .,. )  
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Revision J 

Revision 1 to this document incorporates the following major changes: 

• New recommended radar updating schedule 

• Added discussion on abort in very early powered descent 

[Note: The following symbol is used to denote changes between FP6 

and FP6, Revision 1 - Q] 
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The LM Abort Guidance Section (AGS) is a strapped-down inertial_ 

navigation and guidance system used p rimarily to effect rendezvous of the 

LM with the CSM in the event of a Primary Guidance and Navigation Con

trol System (PGNCS) failure. The AGS consists of the following three 

assemblies: 

a) Abort Electronics Assembly (AEA) 

b )  Data Entry and Display Assembly (DEDA) 

c)  Abort Sensor Ass embly (ASA) 

The AEA i s  a general purpose digital computer located in the LM 

aft equipment compartment used for the data processing function of the 

AGS. It is a fixed point, 18-bit machine with 1.7 value bits and a sign bit 

using 2' s complement a ritlunetic. The AEA memory i s  of conventional 

ferrite core cons truction with a 4096 word capacity. 

The DEDA is a general purpose astronaut input-output device for the 

AGS located on the right-hand side of the LM cockpit. It consists of a key

board, electroluminescent addr e s s  and digital data displays. Operatio.n 

of the :OEDA is described in Section 3 .  1 of this report. 

The ASA consists of three strapped-down pendulous acceleromete r s ,  

three strapped-down gyros and associated electronic circuitry. It is 

located on the LM navigation base above the flight crew. The ASA provides 

the AEA with inc rem ental angular rotation info rmation about the vehicle X ,  

Y ,  and Z axes and incremental velocity changes along the vehicle X ,  Y ,  

and Z axes. These incremental data are in the form of pulses and are 

utilized in the AEA to maintain knowledge of the LM vehicle attitude, 

position, and velocity. 

The equations programmed in the AEA for FP6 are defined in the ,. 
LM/ AGS FP6 Programmed Equations Document (Reference i ) . A narra- ' 
tive de scription and derivation of most of the equations are presented in 

Reference (2). 
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The purpose of this document is to present the functional capabilities 

of the s ystem along with a description of how the system i s  to be utilized. 

Where applicable, limitations of the system are presented and cautions 

issued about operating the system in other than the specified manner. 

This document is separated into four parts. Part I discus ses the 

system in general along with external interfaces. Part II contains more 

specific details about AGS utilization and functional capabilities .  The 

actual operating procedures are contained in Parts III and IV. Part III 

contains the procedures to perform various functions, whereas Part IV 

contains the procedure s  to perform the various maneuvers. 

The operating procedures discussed herein apply to both lunar 

missions and earth miss ions unles s  otherwise noted. Of course, the 

lunar surface procedures dis cussed are not relevant to the earth missions. 

The actual programmed equations for these two mis sions are identical 

except for the resc aling of many quantities. The DEDA input and output 

quantities required during a mis sion are presented in Section 6. 0 and 

the complete list of DEDA acces sible quantities i s  found in Appendix A. 

The Appendix A list does not contain time shared quantities nor does it 

contain quantitie s that have been judged of no value in monitoring AGS 

operation. Section 11 contains a discussion of the c onversion of the lunar 

program to the earth program via the DEDA. This procedure is desirable 

if a lunar mis sion i s  modified to an earth mission after the lunar program 

has been stored in the AGS computer. 
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PART I- AGS EQUIPMENT DESCRIPTION & GENERAL OPERATION 

2. 0 GENERAL OPERA TION OF THE AGS 

2. 1 Control of LM by AGS 

Control of the LM by the AGS depends on the settings of certain 

guidance selectors on the LM instrument panel and the DEDA function 
:): 

selections . The Guidance Control Switch {PGNS, AGS) must be in the 
.,.., ... � 

AGS position, the AGS Mode Control Switch""' {Off, Attitude Hold, Auto) 

must be in either the Attitude Hold or Auto position {if in OFF, RCS 

thrusting is inhibited). The AGS continuously computes steering and 

engine control quantities regardless of the position of the Guidance Control' 

Switch. For the AGS to exert guidance steering (not merely attitude hold} 

and engine control, the AGS Mode Control Switch must be in the Auto 

position. In addition, RCS attitude control must be under Mode Control 

direction. This is accomplished by setting the Roll, Pitch and Yaw Atti

tude Control switches (MODE CONT, PULSE, DIR) to the MODE CONT 

position. 

A tabulation of LM attitude control and main engine commands for 

combinations of switch settings is presented in Table 2 .  1 .  The OFF posi

tion of the Mode Control switch is not listed since no attitude control is 

possible for this condition. Settings of s00 � + 30000 (address 400) are 

not listed since they result in zero attitude error signals and issuance of 

theE/OFF command regardless of the setting of the Guidance Control and 

Mode Control switches. Table 2. 1 assumes that the lunar surface flag 

in the AEA is not set, i.e., address 604 is a positive number, and that 

the three Attitude Control switches are in the MODE CONT position. 

Placement of these three switches in the PULSE or DIR positions results 

in inhibiting the AGS from LM attitude control. The functioning of the 

ABORT and ABORT STAGE with respect to the AGS is also shown in 

Table 2. 1. 

, .. 

. ,,Refer to Sections 4. 0 and 6. 0 for complete description of these switches . 
........ ,.; 

.,,.,,Throughout this document reference is made to the "Mode Control 
Switch. '' It is understood that LM 4 and subsequent will contain two Mode 
Control Switches, one for AGS and one for PGNCS. Thus, it is necessary 
to understand that reference to the "Mode Control Switch" in this document 
implies the AGS Mode Control Switch. 

· 



Guid 
Cont 

PGNS 

PGNS 

AGS 

AGS 

Mode 
Cont 

ATT 
HOLD 

AUTO 

ATT 
HOLD 

AUTO 

Table 2. 1. AGS Control of LM 

Addre s s  
400 AGS Attitude Error Signals l5ee Tables 2.  2 and 2. 3) 

<+30000 

+00000 I 
+10000 

Zero 

AGS i s sues zero attitude error signal s .  

AGS issues guidance steering error signals, 
but they are inhibited from RCS by the CES. 

+20000 
' 

AGS issues Z body axis steering error signals, 
but they are inhibited from RCS by the CES. 

<+30000 

I 
+00000 

+1 0000 

+20000 

AGS i s sue s attitude hold error signals which 
control LM attitude. 

AGS issues attitude hold error signals which 
control LM attitude. 

AGS i s sues guidance steering error signals 
which c ontrol LM attitude. 

AGS i s sues Z body axis steering error signals 
which control LM attitude. 

I 

\ 

J 

I 

Engine Command 

Is sue according to exist
ing status of APS or DPS. 

Is sue according to exist
ing status of APS or DPS. 

Is sue according to exist
ing s tatus of APS or DPS. 

If Abort or Abort Stage i s  
not ON, is sue engine com
mands according to exist
ing s tatus of APS or DPS. 
If Abort or Abort Stage is 
ON, issue E/OFF when 
addre s s  400 i s  +00000 or 
+20000, and is sue E /ON 
when addre s s  400 is 
+10000 and ullage and 
velocity to be gained are 
in an E /  ON condition per 
Section 20. 

1-j 
0 
0 
0 
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Placement of only one o f  the Attitude Control switches i n  the PULSE 

or DIR position during AGS attitude control causes loss of AGS attitude 

control in that channel. A detailed discussion of the limitations of this 

procedure is contained in Section 10. 6. 

When the PGNCS controls the LM (Guidance Control Switch in the 

PGNS position). the AGS is in the Follow-up Mode. Manual control of 

the LM by the flight crew (Mode Control Switch in Attitude Hold, Hand 

Control out of detent) also causes the follow-up signal to be transmitted 

to the AGS. In follow-up, the AGS 11 follows" the PGNCS by transmitting 

Engine On or Off commands in accordance with the existing DPS or APS 

engine operation and the attitude control error signals are inhibited from 

controlling LM attitude. 

The AGS outputs attitude error signals corresponding to the setting 

of address 400 for FDA! display when the PGNCS is in control and the 

Mode Control Switch is in AUTO. A setting of address 400 to +00000 

results in a display of zero attitude error signals on the FDAI, a setting 

of 400 +10000 results in guidance steering error signals, and a setting of 

400 +20000 results in Z body axis steering error signals. A setting of 

address 400 to� +30000 results in zero error signals displayed. 

AGS operations are selected mainly through two DEDA selectors: 

s00 
and S 

10 
(denoted here by equation symbols) .  s00 

(DEDA address 400) 

is the AGS Submode S elector and S 
10 

(DEDA Address 410) is the Guidance 

Routine S elector. 

Eight states are possible for the AGS Submode Selector, S
00

. 

These eight states can be grouped into two distinct modes with various 

submodes as follows: 

Inertial Reference Mode - Table 2.  2 contains the submodes of the 

inertial reference mode. The attitude error commands are computed 

and issued every 40 rnsec. 

Align and Calibrate Mode - AGS outputs zero attitude error and 

E/OFF engine commands every 40 rnsec. If the AGS is in control of the 

LM, the vehicle attitude rate is damped only by the autopilot rate gyro 

feedback signals. Various submodes of the align and calibrate mode are 

pre sen ted in Table 2. 3. 
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Table 2. 2 Submode of Inertial Reference Mode 

s00 Submode 

0 Attitude 

1 

2 

Hold 

Guidance 
Steering 

Z Body Axis 
Steering 

Function 

AGS attitude error commands cause the LM to 
maintain the same inertial attitude that existed 
when the submode was entered if the follow-up 
signal is absent or when the follow-up signal is 
removed {if the submode was previously entered) 

AGS attitude error commands cause the thrust 
axis (X-body axis) of the LM to orient to the 
desired direction as computed by the selected 
guidance routine. Yaw steering (rotation about 
the X body axis) is as follows: If 

1 

( 

Z body axis is oriented parallel 
to the CSM orbit plane 

Z body axis is oriented parallel 
to the plane defined by the unit 
vector Wb. See Section 10. 2 

AGS attitude error commands cause the LM x-·. 
body axis to be parallel to the CSM orbit plane 
and the LM Z body axis to be oriented as follows: 
If ( 0 The LM Z body axis is directed 

toward the AGS indicated position 
of the CSM 

The LM Z body axis is oriented 
to the desired thrust direction 

s10 always selects one of the six possible guidance routines pre

sented in Table 2. 4. Guidance calculations associated with the selected 

routine are completed every two seconds regardless of the s00 selection. 

Before commencing guidance operations, it is imperative that the 

AGS be aligned, time initialized, and LM and CSM ephemeris data initial

ized. The necessity for alignment is obvious. The entry of LM and CSM 

ephemeris data is required because every guidance selection (every S 10 
selection) uses both the LM and CSM ephemerides in the guidance and 

steering computations. Performing navigation updates throughout the 

mission (by either PGNCS downlink, DEDA entry, or rendezvous radar) is 

also recommended. Navigation updates prior to the CSI and TPI phases 

are highly desirable because total propellant expenditure to rendezvous is 

highly dependent upon the accuracy of these maneuvers. 
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Table 2 .  3 .  Submode s of Align and Calibrate Mode 

s
00 

Subnnode 

3 AGS to PGNCS Align 

4 Lunar Align 

5 Body Axis Align 

6 Gyro and Acceler
ometer Calibration 

7 Accelerometer 
Only Calibration 

Function 

.AGS is aligned to the IMU stable mem
ber. This submode should only be 
entered when the PGNCS is operative 
and properly aligned. 

AGS i s  aligned to the desired inertial 
coordinate system (depends upon the 
nominal launch site ) .  This submode 
is to be used only on the lunar surface. 

AGS inertial reference frame is caused 
to be coincident with the LM body axe s. 

In coasting flight, gyro and accelerom
eter bias calibration is accomplished. 
Accelerometer calibration i s  completed 
in 3 2  seconds; gyro calibration i s  com
pleted in 302 seconds. The gyros are 
calibrated against the PGNCS IMU. 
Thus this mode should not be entered 
if the PGNCS i s  inoperative. On the 
lunar surface, only gyro calibration is 
accomplished when this mode is entered 
provided S 13 has been entered (lunar 
surface flag set ) .  PGNCS need not be 
operative, 

In this mode only accelerometer cali
bration i s  ac complished. This mode 
should be entered only when in free 
flight and never on the lunar surface. 

When the LM is under full AGS control (i. e . , having engine c ontrol 

as well as attitude c ontrol) , the Engine ON signal c annot be generated 

unle s s  the AGS Submode selector is in the guidance steering selection 

(S00 :::: 
1) . Engine ON is automatically generated after ullage has been 

sensed for a spec ified number of consecutive computer cycles (2 sec per 

cycle). The AGS recognizes ullage to have occurred when the average 
2 

acceleration in the + X  body direction exceeds 0 .  1 fps , 
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Table 2. 4. AGS Guidance Routines 

Mode 

Orbit Insertion 

CSI 

CDH 

TPI Search 

TPI Execute 

External �V 

Function 

Guidance solutions are generated to 
drive the LM to spe cified orbit inje c-
tion conditions. 

Guidance solutions are computed to 
establish appropriate LM/CSM phasing 
at TPI time. Thrusting i s  not performed 
with this sele c tion. 

Guidance solutions are computed to 
place the LM into an orbit that i s  
coellipHc with the CSM orbit. Thrust
ing is not performed with this selection. 

AGS evaluates various direct transfer 
rendezvous solutions .  Flight crew 
selects desired solution. Thrusting i s  
not performed with this selection. 

Guidance solutions are computed to 
cause the LM to be on a CSM inter
cept trajectory or for the LM to in
te r s e ct the CSM orbit plane at a 
spe cified time prior to nominal 
rendezvous time. Thrusting i s  not 
performed with this sele ction. 

Guidance solutions are generated to per
form a specified thrust maneuver.  All 
thrusting, except orbit insertion, is 
done in this mode. 

When the LM is not under full AGS control, i.e., 

a) When neither the "ABORT" nor "ABORT STAGE" 
button i s  depre s sed, or 

b)  When the Mode Control switch i s  not in the AUTO 
position and s00 < 3, or 

c )  When the Guidance Control switch is  not i n  the AGS 
position, 

the AGS will i s sue engine commands (ON or OFF) that corre spond to 

actual engine operation as determined by the state of the Descent Engine 

ON and A scent Engine ON discrete s .  
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Under full AGS control, the LM engine (APS or DPS) is  auto

matically commanded OFF when the velocity to be gained in the +X -body 

direction is l e s s  than the nominal ascent engine thrust decay velocity a�d 

if the total velocity to be gained is less  than a prescribed thre shold (a 

DEDA acce s s ible constant currently set at 100 fps). This dual check 

serves the purpose of maintaining the engine ON if an Abort occurs during 

powe red flight with the LM poorly oriented for the abort maneuver and the 

velocity to be gained is large (greater than the 100 fps threshold). 

When the velocity to be gained (LM under full AGS control) is less 

than 15 fps and the sensed thrust acceleration level in the +X-body axis 

direction is greater than 0. 1 fps 2, the desired thrust direction is fixed 

in inertial space (a form of attitude hold). I£ this were not done, the LM 

desired attitude might go through an undesirably wide excurs ion in an 

attempt to achieve perfect velocity cutoff conditions. Large attitude 

variations near the end of a maneuver are undesirable. The velocity 

cutoff errors incurred by fixing the desired attitude prior to engine cut

off are small. After the maneuver is completed, small cutoff errors can 

be removed (if desired) by the axis by axis velocity trim capability of the 

AGS (see Section 28). 

Staging of the LM descent section is executed by depressing the 

"ABORT STAGE" button on the instrument panel. The s taging sequence 

begins only when Engine ON commands are i s sued. During a thrusting 

maneuver ,  the s taging sequence will begin immediately upon depre ssion 

of the "ABORT STAGE" button (assuming all panel controls which transfer 

control of the LM to the AGS have been set properly). The AGS must 

sense sufficient average thrust acceleration throughout the staging maneu

ver so that ullage is maintained (unless  the ullage counter thre shold, 1K9, � 
has been set to 0). When the AGS receive s verification from the CES that 

the Ascent Engine is ON, the system automatically enters the Attitude Hold 

submode. Mter a prescribed time interval between 0 and 1 0  seconds 

(presently set at 1 second) , the AGS automatically enters the normal 

guidance steering submode . 

A functional flow c hart (Figure 2.  1) of the AGS control logic is 

presented below. This logic shows how the external discrete signals 
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(� 1 thru �6}, the AGS s ubmode selector (S0 0 ), and the DEDA engine select 

(S 1 1} command AGS attitude error and Engine ON/OFF signals. The lunar 

surface flag o2 1  (indicated on the flow chart} is set to 1 (lunar surface) 

when any value is entered into the store landing azimuth DEDA selector 

(S 1 3 ). o2 1  is set to 0 at the first APS engine ignition. The o21 lunar sur

face flag MUST be set to 1 after the LM lands on the moon in order that 

the LM position and veloc ity can be properly reinitialized and updated on 

the lunar s urface. 

2. 2 AEA Automatic Func tion Switching 

In this section a discussion i s  given of the automatic function 

switching that i s  performed by the AGS. 

1) AGS Guidance Engine OFF 

At the time the AGS completes a maneuver by issuing Engine OFF 

three things occur: 

a) 

b) 

c) 

Soo i s  set to zero thus putting the AGS in the attitude 
hold submode. 

S 1 1  is set to zero. This selection is set to 1 when the 
ascent engine is employed. This enables the AGS to 
recognize that the LM thrust direction is not along the 
+X - body axis but rather displaced by the cant of the 
APS engine. 

The ullage counter will be reset to zero within 2 sec when 
the average sensed acceleration drops below 0 .  1 fps2 for 
a 2 - sec period. 

2)  AGS to PGNCS Align 

AGS to PGNCS align is s elected by setting the suomode selector 

s
00 = 3. Two se conds later, AGS to PGNCS align is completed and s

00 
i s  set to 0 (attitude hold) automatically. 

3) Calibration 

Calibration is s�lected by setting the submode selector to s
00 = 

6. 

If in orbit, an AGS to PGNCS alignment is done automatically and the ASA 

gyros are then calibrated against the PGNCS IMU and the ASA accelerom 

eters are c alibrated in the "zero sensed acceleration" condition of free 

fall. The accelerometer calibration is completed in 3 2  seconds, and the 

gyro calibration is completed in 3 0 2  s e conds. If on the lunar surface, 

only the gyros are calibrated. The AGS submode selector switches to 

s0 0  = 0 automatically to end the calibration. 
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Accelerometer calibration only (during free fall) is commanded by 

setting s00 = 7 .  Calibration i s  complete in 32 sec. The AEA automati-

cally resets s00 
to 0 after 302 sec; it may be manually reset after 35 sec. � 

4) Ephemeris
' 
Data 

Ephemeris data are entered into the AEA by setting si4• 

1 

2 

3 

Function 

Initialize LM and CSM state vectors via 
PGNCS downlink 

Initialize LM ephemeris with manual entry 
(DEDA) of externally supplied data 

Initialize CSM ephemeris with manual entry 
(DEDA) of externally supplied data 

When initialization is  completed, S 14 is  automatically set equal to zero. 

5) Lunar Surface Stored Azimuth 

The LM azimuth orientation is stored by any DEDA entry into S i3" 
s13 does not reset. However, a new entry into s13 will c ause the AEA 

to store a new azimuth orientation. The entry for s1 3 also causes the 

lunar surface flag (621) to be set to 1. 

6)  Radar Directed +Z- Body Axis Direction Cosines 

The radar dire cted +Z -body axis direction cosines (corrected for 

boresight misalignment\ are saved in the AEA within 0. 5 se conds after 

setting 515 = 1. Two seconds later, 515 i s  automatically reset to O .  

7 )  External �V Reference 

The External D. V Mode (S 10 = 5) requires that the external D. V vector 

be frozen in inertial space at the beginning of the burn. When in the ex

ternal D. V mode the D. V vector may be frozen manually be setting s0 7  to 1 .  

s0 7 i s  automatically set to 1 by thrusting in the plus X direction, activating 

the ullage counter. s0 7 i s  reset to 0 by switching out of the external D. V 

guidance mode into CSI, CDH or TPI. It can also be manually reset to � 
zero. 
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Constraints imposed on system operation are indicated where appro

priate throughout this report. In this section several items are . discussed 

that do not readily fit in other sections but are important to system opera

tion. 

2. 3. 1 Sensor Capability 

The maximum capability of the AGS gyro/ electronics subsystem is 

25 deg/ sec around each axis. Maximum capability of each AGS acceler

ometer is 96 ft/ sec 2. 

z. 3 .  Z DEDA Processing in Octal 

Those regions of AEA memory which are not selected for DEDA 

proces sing in decimal format are proce ssed in octal. Since the DEDA 

readout or entry consists of a sign plus five digits, only 1 6 bits (sign plus 

5 octal digits) can be transferred as an octal value. Thus, when outputting 

from an octal processed memory addre s s, the two least significant bits 

of the internal computer word are ignored. When an entry i s  made into an 

octal processed memory addre s s ,  the two least significant bits are auto

matically set to zero. The result is that any value input in octal i s  

quantized at four time s its internal computer quantization. 

2. 3 .  3 DEDA Entries and Readouts 

The following two rule s should be observed to preclude any DEDA ' 
operation problem due to computer timing. 

A) DO NOT DEPRESS ANY TWO DEDA CONTROL PUSHBUTTON$ 
(CLEAR, ENTER, READOUT OR HOLD) WITHIN .6 SECONDS 
OF EACH OTHER EXCEPT WHEN DEPRESSING CLEAR TO ERASE 
THE PREVIOUS OPERATION. 

B) AFTER A DEDA ENTRY, DO NOT COMPLETE ANOTHER ENTER 
OR READOUT SEQUENCE (DEPRESS ENTER OR READOUT) 
WITH IN 1.5 SECONDS OF THE TIME THE DEDA DISPLAY HAS 
GONE BLANK FOLLOWING THE DEPRESSION OF ENTER. 

2. 3. 4 Readout of Perifocus Altitude, Apofocus Altitude, 
and Time to Perifocus 

Perifocus altitude, apofocus altitude and time to perifocus can be 

read out via DEDA addre s s  403, 3 1 5 ,  and 3 1 3, respectively. For orbits 
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whose eccentricity exceeds 0 .  125 the perifocus altitude and apofocus 

altitude quantities are meaningless. Perifocus altitude will read out as 
the negative value (2K3 minus 5 J )  in this situation. If the LM orbit is 

nearly circular the concept of time to perifocus loses its significance and 

in this situation the quantity read out of DEDA address 3 1 3  will be very 

noisy. 

2. 3.  5 Overflow of Accumulated Velocity Counter 

V dX is the accumulated thrust velocity in the X body axis direction. 

This term also contains the effect of uncompensated accelerometer bias. 

If this quantity overflows during coasting flight no deleterious effects will 
result. However, it is undesirable to have an overflow during powered 

flight. For this reason, if more than 4 hours are spent in orbit with the 
AGS operating and no thrust along the +X axis occurs, one of the following 

entries should be made via DEDA: 

If vehicle is unstaged enter 404 - 1 2356 

If vehicle i s  staged enter 404 +00000 

2 .  3. 6 Detection of Computer Restart 

Power transients 1 under certain conditions, have been known to 

cause the computer to restart. It is important that a computer restart be 
recognized when it occurs. When a computer startup or restart takes 

place, the computer sequences through the power turn-on routine given in 

Section 7. 0. 

Briefly, this routine resets some flags and discretes, commands 

attitude hold submode (s00 is set to 0) , switches S 10  to S 1 7  are set to 0, 

V and VdX are set to 4K2 7. and the test mode fail discrete is momen-
DX 

tarily sent. An Engine off signal is a result of the power turn-on se-

quence. 

When start-up or restart occurs, the AGS caution and warning lamp 

is lit and the master alarm is activated. This is the only immediate 

indication that a computer restart has taken place. 

When a computer restart has occured, the AGS should be reini
tialized as soon as possible, per Section 13. 
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As shown on Figure 3 .  1, the face of the DEDA contains the 

following.: 

a} Ten pushbuttons marked zero through nine 

b) A pushbutton marked plus ( +) 

c)  A pushbutton marked minus ( - )  

d) A pushbutton marked "CLR" 

e) A pushbutton marked "ENTR'' 

f) A pushbutton marked 11READOUT'' 

g) A pushbutton marked ''HOLD'' 

h) Two electro -luminescent display windows; the top 
one for the 11address11 and the bottom one for the 
value for the desired word 

i) An operator error light 

3 .  1. l Data Insertion 

The sequence of operations necessary to insert data into the AEA 

via the DEDA is as follows: 

a) DEPRESS the "CLR" pushbutton - this operation initializes 
(clears) the DEDA system and blanks all lighted character s .  
The "CLR" button must always be depressed prior to any 
DEDA entry. 

b) DEPRESS three consecutive digits - this operation identifies 
the address of the AEA memory core location into which the 
data is to be inserted. The address is in octal form and the 
number must be 704 or smaller. This is because the Flight 
Program will not process data with an octal address larger 
than 7 0 4.  Also, octal addresses less than 2 6  will not be 
processed. 

c)  DE PRESS the pushbutton corresponding to the sign (plus (+) 
or minus ( -)) of the data to be inser ted. 

WHEN KEYING THE DEDA, EACH PUSHBUTTON SHOULD BE 
DEPRESSED TO THE LIMIT OF TRAVEL TO INSURE MAK ING SWITCH 
CONTACTS . 
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Figure 3.  1, DEDA and Bottom Side Panel 
(Panel 6) 

d) DEPRESS five consecutive digits corresponding to the numer 
ical value of the data to be inserted (decimal or octal, as 
appropriate for the entry). 

e) Verify the entry by comparing the illuminated display 
with the desired address and desired numerical value 

f) DEPRESS the "ENTR" pushbutton - at this time the 
word is entered into the AEA and the address and 
data displays are extinguished. 

3. 1. 2 Data Readout 

The sequence of operations necessary to read the contents of a 

memory cell within the AEA is as follows: 

a) DEPRESS the 11CLR11 pushbutton - this operation 
initializes (clears) the DEDA system and blanks 
all lighted characters. The 11CLR" button must 
always be depressed prior to any readout. 

b) DEPRESS three consecutive digits - this operation 
identifies the address of the AEA memory core 
location from which data is to be extracted. The 
address is in octal form and must be no larger 
than the number 7 0 4, If a number larger than 
7 0 4 is entered into the address, the address 
display will be extinguished when the "READ-

. OUT" pushbutton is depressed.- Octal addresses less 
than 26 are treated in the same way as addresses 
greater than 704. 
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c )  Verify the entry by comparing the illuminated addr ess with 
the desired address. 

d) DEPRESS the "READOUT" pushbutton - after the "READOUT" 
pushbutton has been depressed, the value of the displayed 
quantity and its address will be updated twice per second. 
The operator can maintain {or hold) a value on the display by 
depressing the 11HOLD " button. This value is maintained on 
the display until either the "READOUT " button is depressed 
{at which time the displayed quantity is updated twice per 
second) or until the ''CLR" pushbutton is depressed {at 
which time the DEDA system is initialized for the next com
mand and the displays are blanked). 

3. l .  3 D ecimal Point Location 

There is no decimal point indication on the DEDA. To use the AGS 

correctly the flight crew must have knowledge of the quantization of the 

decimal quantity being entered or read out. This information i s  contained 

in Section 6. 0 of this report. If a position variable has a quantization of 

100 ft, then 42, 300 ft is entered or displayed as +00423. 

Interpretation of octal quantities on the DEDA is considerably more 

complex than <}ecimal. Conversion from scaled 2' s complement binary 

form to decimal form for readout or the reverse for entry is required. 

Examples are given in Section 6. 0 of this document. 

3. 2 Operator Error 

The DEDA is capable of detecting cer tain operator errors and indi 

cating this by illuminating the 11 operator error" indicator on the face of 

the DEDA. The operator error indicator remains ilhtminated until the 

"CLR11 pushbutton is depressed. The DEDA is then ready for a new 

instruction. The following errors will cause the illumination of the ope r 

ator error signal: 

a) The " ENTR" pushbutton is depressed before nine keys have 
been depressed following the last depression of the "C LR" 
pushbutton. 
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b )  More than nine keys have been depre s sed since the last 
depression of the "CLR" button. 

c )  If a plus o r  minus is entered in other than the fourth 
positio� 

. 

d) If a plus or minus is not entered in the fourth position. 

e )  If the • •READOUT" button i s  depressed before three digits 
have been entered since the last depres sion of the ••CLR11 
pushbutton. 

f) If the 1 1READOUT11 button is depressed after more than three 
digits have been entered since the last depression of the 
1 1CLR11  pushbutton. 

g)  If an 8 or 9 is entered as one of the first three digits .  

h )  If a quantity is being read out and the 11ENTR11 butt�n depre ssed. 

Several operator errors can occur that do not cause the illumination 

of the operator error signal. 

a)  If any number greater than 7 0 4 or les s  than 2 6  is entered 
into the addre s s  portion of the display along with other 
numbers to be entered, the DEDA will exhibit an odd 
display when the "ENTR'' button is depressed. The 
number s  will shift and sever a1 entry slots will be 
blanked. 

b) If any number greater than 7 0 4 or less than 26 is 
entered into the addre s s  portion of the DEDA and 
the "READOUT" button depressed the DEDA will be 
blanked. 

Address values greater than 7 0 4 or les s  than 2 6  are 
used for program instructions and are protected from 
DEDA entry. If such entries are attempted, the symp
toms described above will occur. Normal operation 
will be restored by simply depressing the "CLR" push
button. 

IF AN OCTAL QUANTITY IS ENTERED WITH A DIGIT GREATER 
THAN 7 OR IF A NUMBER GREATER THAN ITS ALLOWAB LE RANGE 
IS ENTERED VIA THE DEDA,A COMPUTER PROCESSING ERROR 
WI Ll RESULT. IF THE ADDRESS IS READ OUT, THE DISPLAY Will 
BE DIFFERENT THAN WHAT WAS ENTERED . 
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This section contains a description of the controls and displays util

ized in AGS operations. Reference is made to Figures 3 .  1 through 3 .  7 

which were obtained from Reference 6 .  
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3 .  3.  1 Instrument Panel Guidance and Control Select Switche s 

Switch 

AGS Status 
Switch 

Guidance Control 
Switch 

AGS Mode Control 
Switch 

Attitude Control 
Switche s 
(Roll, Pitch, and 
Yawl 

Position 

OFF 

STANDBY 

OPERATE 

PGNS 

AGS 

AUTO 

ATT HOLD 

OFF 

MODE CONT 

PULSE 

DIR 

Function 

Appli e s  inhibit standby signal to 
ASA and applie s standby signal 
to AEA 

Removes inhibit standby signal 
to ASA and applie s standby sig
nal to AEA 

Removes standby signal to 
AEA, AEA ente r s  flight pro
gram 

Applie s follow-up signal to AEA, 
engine commands and attitude 
error signals i s  sued by AGS 
are not used to control LM 

Removes follow-up signal 

Applie s automatic signal to AEA 
and inhibits follow-up discrete 
when Guidance Control Switch is 
in 11 AGS" position 

Removes automatic signal: AGS 
in Attitude Hold. The AGS goe s 
into follow-up i f  the attitude 
controlle r (hand controller) i s  
out of i t s  detent even if AGS i s  
selected on Guidance Control 
Switch 

Inhibits AGS RCS firing. 
Automatic signal removed from 
AGS, as in A/H 

Controlled by Mode Control 
Switch 

Manual pulse control on per 
axis basis 

Manual direct control on per 
axis basis 



3. 3. 2 Radar Controls and Displays 

Instrument 

RANGE DISPLAY 

RANGE RATE DISPLAY 

SLEW SWITCHES 

SIGNAL STRENGTH METER 

RENDEZVOUS RADAR MODE 
SELE C T  SWITCH 

SHFT/TRUN ANGLE 
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Function 

Tape meter used to display 
radar range ( s caled in ft 
when <60, 500 ft, n. mi. 
when >60, 500 ft) 

Tape meter used to display 
radar range rate ( scaled to 
±700 fps )  

Used for manual driving of 
rendezvous radar antenna 

Used for indicating and lock
ing on to the strongest radar 
lobe 

Selects either automatic or 
manual drive of the antenna 

Selects ±5° or ±50° s caling 
for rende zvous radar gimbal 
display 
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3 .  3. 3 Additional Astronaut Controls and Displays for AGS Operation 

Instrument 

Abort Button 

Abort Stage Button 

Engine Stop Button 

Attitude Controller 

DSKY 

Event Time r 

Flight Director Attitude 
Indicato:t- (FDA!) 

Altitude Tape Meter 

Altitude Rate Tape Meter 

X -Pointer 

RNG/ALT MON 

Function 

Applies abort signal to AEA and arms the 
descent engine. A second depre s sion of 
the button removes the abort signal , 

Appli e s  the abort stage signal to AEA 
and arms the as cent engine. Initiate s 
staging sequence if vehicle i s  unstaged 
and E/ON is commanded. A se cond 
depression of the button removes the 
abort stage signal. 

Used to shut off descent engine and to 
inhibit " Engine ON" command, A sec
ond depres sion of this button releases 
it, (Note: The engine stop button 
will not shut off ascent engine if the 
Abort Stage button i s  set).  

The hand controller used for manually 
orienting the LM 

Used here for AGS state vector initiali
zation via PGNCS downlink and for AGS 
computer time initialization. 

Used here for countdown to AGS burns 

Instrument used to display vehicle atti
tude, attitude rates, attitude errors,  or 
rende zvous radar shaft and trunnion 
angle s 

Tape meter used to display altitude 
(same display a s  used for radar range) 
Not valid above 76840 ft. 

Tape Meter used to display altitude rate 
(same display as used for radar range 
rate) 

Instrument used to display component of 
ine r tial velocity normal to CSM plane, .. V y O  

(±200 fp s)  ... 
Used for selecting radar range and 
radar range rate or altitude and altitude 
rate on the tape mete r s .  



Instrument 

Mode Sel 

Rate Error Monitor 
Switch 

Attitude Monitor Select 
Switches 

AEA Circuit Breaker 

ASA Circuit Breaker 

AGS Circuit Breaker 

AGS Caution and 
Warning Lamp 

Thrust/ Translation 
Controller 

Attitude/ Translation 
Switch 

+ X Translation Button 

Manual Throttle 
Selection Switch 

Deadband Switch 

Balanced Couple Switch 
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Function 

Used for selecting source of input to 
tape meters and cr oss pointer . 

Used for selecting rendezvous radar gim
bal angle s , or attitude errors to be dis
pia yed on the FDAI and information to 
cross pointer. 

Select PGNCS or AGS inputs to FDAI 

Closing circuit breaker causes power to 
be applied to AEA and sends the clock 
signal to the ASA. 

Applies 28V DC and heater power to ASA 

Applies 1 1 5V, 400 cps for Digital to 
Analog converters in AEA 

Indicates AGS status (See Section 5 .  1 .  8 )  

Used for throttling of descent engine, 
plus Y and Z translation with RCS or 
provide all axis RCS translation. 

Used for selecting 2 or 4 jet operation 
for X translation or pitch and roll 
attitude maneuver 

Can be used for cre ating ullage 

Selects translation controller from which 
throttle signals are accepted 

Sele c t s  narrow or wide dead band if g uid 
ance control switch is set to AGS and 
changes the error needle scaling. During 
main engine firing the system automati
cally goe s to the narrow deadband regard
le s s  of the switch setting. 

Used for s ele cting 11unbalanced couple 11 
during AGS ascent engine (main) burn. 
This inhibits firing of RCS j e t s  opposi te 
to main engine thrust when in the 1 10FF11 
position 



Ins trument 

Thrust Control Switch 

Throttle /Jet  Control 
Select Lever 

DES QTY Warning 
Light 

ASC QTY Caution 
Light 

Main Propulsion 
Quantity 

1 1 176- 6033- TOOO 
Page 3 · 1 5  

Function 

Provides capability of switching from 
automatic control and display to manual 
throttle control and display (PGNCS 
control) 

Used to select the throttle capability of 
the related thrust/  translation controlle r, 
or X axis RCS translation. Note the 
RCS Y and Z axis translation capability 
remains with either switch se tting 

Indicates a low quantity of propellant 
remaining for the de scent engine 

Indicates a low quantity of p ropellant 
remaining in ascent engine (approximately 
1 0  seconds of propellant ) 

Indicate s quantitie s of oxidizer and fuel 
in the selected propul sion system 



4. 0 AGS INPUTS 
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This section contains a description of all inputs to the AEA. 

4. 1 Hardwired Inputs 

4. 1 . 1 Accelerometer Inputs ( 6V . , 6V . , AV . ) Xl )'1 Zl 
The accelerometer data input to the AEA is in the form of pulses.  

For each accelerometer,  an ac cumulation of 640 pul ses per 2.0 mse conds 

(an intentional bias)  indicate s  no acceleration. The equations sub-

tract 640 pulses (� ) from the number of pulses accumulated in 2.0 msec

onds. The difference is the net number of sensed pulses with respect to 

zero acceleration. The net number of pulses is then multiplied by the 

appropriate scale factor ( K � 8, Ki0 , Kiz ) to convert pulses to feet per 

second per 20 mseconds. The values of the three constants just discussed 

(K �8 ,  Ki0, Ki2 > are obtained from bench test calibrations on the ASA t 
prior to launch. If necessary, the se constants can be modified via the 

DEDA a s  explained in Section 6. 1 below, Accelerometer biases are 
1 1 1 

compensated by the constants ( K19 , K2 1 , K2 3) and are also DEDA ... 
acces sible (see Section 6.  0). -,. 

The accelerometers on the AGS are always in use when the system 

is operating. Every two seconds the accumulated sensed velocity i s  used 

to update the estimated position and velocity of the LM. Because of the 

accelerometer biases,  the accelerometers can indicate non-zero outputs 

when the vehicle i s  not thrusting. If these non-zero outputs were used, the 

estimated LM position and velocity would gradually increase in error. 

To avoid this situation, a threshold of 0. 25 ft per 2 sec {K�5) is placed 

on the total sensed velocity. If total sensed velocity is less than this 

threshold, the thrust acceleration used in the navigation equations is set 

to zero. 

4. l .  2 Gyro Inputs ( 6o . , Ao . , A a . ) Xl Yl Zl  
The gyro data input s to the AEA are in the form of pulses.  An 

accumulation of 640 pulses per 2.0 msec indicates no change in vehicle 

attitude. The equations subtract 640 pul ses (K�) from the number of pulses 

accumulated and the difference is the net number of sensed pulses of 

attitude change. The net number of pulses is multiplied by the nominal 
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scale factor (K�) to conve rt the pulse count to radians. A fine correction 

to the scale factor is afforded by the constants K� , K!, K� 3• The cor rec

tion constants are DEDA accessible. Gyro biases are compensated by 

constants K!, K!, K!1 ) which are DEDA accessible. In addition, an X 

axis gyro corre ction term is available for the gyro spin axis mass un

balance error. This corre ction is available by the DEDA accessible 
1 

constant K14• 

4. 1 .  3 IMU Gimbal Angles ( 6 8 ,  A ljJ ,  A cj> )  

Gimbal angle increments are obtained by the AEA in the form of 

pulses continuously. The pulses are accumulated and used during 

AGS-to- PGNCS align and during inflight gyro calibration. 

4. 1 .  4 CDU Zero 

The CDU zero signal is a short duration signal (300 mseconds) from 

the PGNCS that is used to clear the AEA gimbal angle registers. The 

AEA gimbal angle registers then count up pulses to obtain the gimbal 

angles. AGS to PGNCS align should not be pe rformed any sooner than 

20 seconds after the CDU zero is issued in order to allow time for the 

gimbal angles to achieve the correct value. 

4. 1 .  5 PGNCS Downlink Data 

State vectors of the LM and CSM are transmitted to the AEA on the 

PGNCS digital downlink upon DSKY co!nmand. Epoch times ass-:>ciated 

with the state vectors are also received. These times are received in 

AGS computer time (see Section 9 .  1 ) . 

4. 1 .  6 Telemetry Control Signals 

The AEA receives several signals from the Instrumentation Sub

system to control the telemetry output data. The AGS downlink 11STOP" 

pulse indicates that the previous telemetry word has been transmitted and 

the AGS downlink bit sync pulses are the clocking signals to shift the bits 

out of the register.  



4. 1 .  7 Downlink Control Signals 
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The AEA receives signals from the Instrumentation Subsystem to 

control the reception of downlink data from the PGNCS. The PGNCS 

downlink 1 1  STOP11 pulse indicate$ to the AEA that a complete word has 

been entered into the register. The PGNCS Downlink Bit Sync Pulses are 

the clocking signals used to shift the bits into the register. 

4. 1. 8 D EDA Discretes 

Four discretes are received by the AEA from the DEDA. These 

discretes control the DEDA ope ration and are: 

a)  D EDA "CLR" DISCRETE 

b) DEDA "HOLD " DISCRETE 

c) DEDA "ENTR" DISCRETE 

d) D EDA "READOUT" DISCRETE 

The effect of the se discretes are discussed in Section 3 .  1 .  

4 .  l .  9 GSE Discretes 1 and 2 

Two input discretes are received from the Ground Service Equipment 

{GSE) when the AEA is receiving the program. GSE l is set by the test 

equipment to notify the computer that a word has been t ransmitted. GSE 2 

is used in conjunction with GSE 1 to denote the end of  the block of  words 

transmitted. 

4. 1 .  10  Control Electronic Section ( CES) Inputs 

Six discretes are received from the Control Electronic Section. 

These discretes, designated with the symbol f3 and explained below, are 

automatically received by the AGS when the appropriate circumstances 

exist. 

4. l .  1 0 .  1 Engine Discretes (f3 1 , f32) · 
received from the CES: 

The following two discretes are 

a) DESCENT ENGINE DISCRETE ( f3 I )  - this discrete has 
the logic value of 0 if the descent engine is off and the 
logic value 1 if the descent engine is on. 

b) ASCENT ENGINE DISCRETE (f3z) - this discrete has the 
logic value 0 if the ascent engiz:1e is off and the logic 
value of 1 if the a s  cent engine is on. 



4. 1 .  1 0 ,  2 Follow Up Discrete (j33). 
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The follow-up discrete is trans-

mitted to the AGS under either of the following conditions :  

a )  Guidance Control Switch in the 11PGNS11 position. 

b) Mode C ontrol Switch in ' 'ATT HOLD'' and Attitude Controller 
out of the detent position. 

When the follow-up discrete is present (j33 = 1 ), all engine commands � 
and attitude error signals issued by the AGS to the CES are inhibited 

from c ontrolling the main engines or RCS thruste r s .  With the Guidance 

Control Switch in the "AGS" position, the follow up discrete is removed � 
from the AEA ( (33 = 0) unless ATT HOLD is selected on the Mode Control 

Switch and the Attitude Controller is out of its detent position. 

4. 1 .  1 0 .  3 Automatic Discrete ((3 4) .  - The presence of the automatic 

discrete in the AEA i s  completely controlled by the Mode Control Switch. 

Mode Control 
Switch P o s itions 

OFF 

ATT HOLD 

AUTO 

Automatic 
Discrete 

Absent (�4 = 0) 

Absent ( (3
4 

= 0) 

Pre sent ((3 4 = 1 )  

The presence of the automatic discrete is one of the nec e s sar y 

conditions for the AGS to exert guidance steering (not merely attitude hold) 

and engine control. 

4. I .  1 0 .  4 Abort Disc r ete ((3 6) .  - Depression of the Abort button on the 

instrument panel applies the " Abort" signal (13 6 = 1) to the AEA. A 

s econd depression of the Abort button removes the "Abort" signal (136 
= 0).  

4. 1 .  1 0 .  5 Abort Stage Discrete ((3 5) .  - Depres sion of the Abort Stage but

ton on instrument panel applies the "Abort Stage" signal (13 5 = 1 )  to the 

AEA. A second depression of the Abort Stage button removes the "Abort 

Stage" signal (13 5 = 0) . 

4. 2 DEDA Inputs 

Many quantities can be input via the DEDA. The quantities most 

likely to be used during a mission are presented in Section 6. 0 for both 

the lunar and earth missions. Appendix A contains a more complete list 

of DEDA acces sible quantitie s . 



5 .  0 AGS OUTPUTS 

5. 1 Hardwire d  Outputs 

5. 1 .  1 Attitude Error Commands 
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Sign and magnitude of the limited angular errors (EX, E y , E 2) about 

the three vehicle body axe s are updated every 40 msec and output to the � 
CES and to the displays. The se error signals drive the vehicle attitude 

to the desired attitude a s  discussed in Section 10. 0. 

5. 1. 2 E ngine ON Command 

Each 40 msec, the Engine ON command is updated and sent to the � 
CES if the conditions given in Table s 5.  1 - A  or 5.  1 - B  are satisfied. 

Table 5 .  1-A. Conditions for Engine-On Command 

Status Comment 
--------··-·-----··- ·-···· ·····- ··· ·· - ······· ··· .. · ·· ··· · · · ·•-'·- ····- . -· - - ·· · ·----�- ----------; 
a) s00 < 3 

and 

b) Either Guidance Control Switch 
is in PGNS position 

or 

Guidance Control Switch i s  in 
AGS position and Mode Control 
Switch i s  in A /H 

and 

c )  Either Descent or Ascent Engine 
ON discrete present 

Any time s00 � 3, the AGS issues 
the Engine OFF command 

If Mode Control Switch is in AUTO, 
then the condition in Table 5. 1-B 
below must be satisfied for the En_l 

gine O N  discrete to be commanded 

If neither the Descent nor the Ascent 
Engine ON discrete is present, the 
Engine OFF discrete will be com
manded 

�------------·-···-····· ·· -····-···· . ··-- -··-·-··-- ··-- . . . --·· .. . -- · ·· -··-···-····-· -·---------- · 
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T able 5. 1 - B .  Conditions for Engine -On Command 

Status Comment 

a) Guidance Control Switch is in 
AGS position 

and 

b) s00 = 1 ( guidance steer ing mode 
selected 

and 

c )  Mode Control Switch in AUTO 

and 

d) Either ABORT or ABORT 
STAGE button depressed 

and 

e )  Ullage condition i s  satisfied 
(average thrust  acceleration 
exceeds 0. 1 fps 2 for 1K9 con
se cutive 2 - s e c  compute cycle s )  

and 

f) Either velocity-to-be -gained 
in the +X body axis exceeds 
the nominal ascent engine 
tailoff velocity impulse (con
stant 4K2 5), or  the total 
velocity-to-be- gained magni
tude exceeds a threshold (con
stant 4K26) 

If Guidance Control Switch is in 
PGNCS position, then the situation 
in Table 5. 1 - A  above exists 

With all other conditions in Table 
5 .  1 - B  satisfied, any other setting 
of s00 will cause the Engine OFF 
command to be sent 

If Mode Control Switch is not in 
AUTO, then the situation in Table 
5 .  1 - A  above exists 

Depressing the ABORT and ABORT 
STAGE button arms the de scent 
and ascent engine s ,  respectively, 
in addition to allowing the Engine 
ON command to be sent 

(See Section 20. 2 for further explanation of Engine- On logic. ) 



5. l .  3 Engine OFF C ommand 
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In all ·situations other than those listed in Section 5 .  1 .  2 the E ngine 

OFF command i s  sent to the CES every 40 msec. 

5 .  1.  4 Sin a ,  Cos a, Sin �. Cos 0, Sin y, Cos v 

Every 40 msec,  these quantities  are updated. They are output 

continuously to the FDA! to drive the attitude ball . 

5 .  1 .  5 Altitude (h) 

Every 200 msec the altitude above the launch site i s  output to the 

altitude display. This output i s  not valid in earth orbit or above 76840 ft 

in lunar orbit due to the display tape meter limitations (see page 3 - 10 ) .  

5 .  1 .  6 Altitude Rate {h) 

Every 200 msec altitude rate is output to the altitude rate di splay. 

5 .  1 .  7 Velocity Normal to the CSM Plane (V yO) 

Every 200 msec the inertial velocity component normal to the 

CSM plane is output to the X -pointer on the Lateral Velocity display. 

5. l .  8 AGS Caution and Warning Lamp 

This lamp is  lit when: 

a) lnflight self test indicates an AEA maUunction 

b) The AEA fails to complete a minor cycle w ithin 20 msec 

c )  ASA voltages ( +1 2vdc, +28vdc, +29v 400 cps) are not 
within tolerances 

d) 

e) 

The thermal switch in series with the 1 2vdc line is  activated. 
This switch is activated at a temperature of 1 5 0  ±5°F.  

Going from OFF - to-STANDBY and from S TANDBY - t to-OPERATE. 

5 .  1 .  9 GSE Discrete 5 

After a word has been input to the computer via the GSE the com

puter r esponds with GSE discrete 5 which is used by the test equipment 

to initiate transfer of the next word. 



5. 2. AGS Telemetry Data 
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The data provided on the AGS downlink (telemetry) comprises a 

5 0  word block of computer memory. All 50 words are repeated every 

second. The telemetry list is in Table 5.  1 .  The scaling associated with 

each quantity appears in the FP6 Programmed Equation Docwnent. 

Some quantities telemetered depend on the guidance routine selected, 

e. g. 1 see. words 37, and 46 in Table 5. 2 .  

5 .  3 AGS Output Telemetry Data Format 

The 24-bit telemetry output word assembled in the Output Telemetry 

Register consists of a 6-bit ID code and 18 bits of information from a par

ticular AEA memory cell. The ID codes range sequentiall from octal 0 1  

to octal 62  with the ID code octal 0 1  being used to de signate the first word 

of the 50-word block. The ID codes occupy the first 6 most significant 

bits of the register. The remaining 18 bits, the computer word, represent 

either codes or numerical data. For numerical data, the 18 bits shall 

consist of one sign bit followed by 17  value bits, the most significant bit 

fir st. The sign bit i s  0 for positive data and 1 for negative data. The 

value bits are in tW01 s complement binary format. 

5 .  4 DEDA Outputs 

Many quantities can be output via the DEDA. These quantities are 

presented in Section 6. 0 and Appendix A for both lunar and earth missions. 

5 . 5 DEDA Word Format 

A complete DEDA word c ontains 36 bits consisting of nine 4-bit 

groups.  E ach 4-bit group is assoc iated with one of the DEDA display 

devic e s .  There are three 4 -bit groups for the addr e s s ,  one 4-bit group 

for the data sign, and five 4 -bit groups for the data. 



o x x xl o x x xl o x x x  

1 2  bits 
Addr e s s  

0 - Zero 

DEDA Word Format 

Total Bits = 3 6 
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o o o x  �� x x xl �� x x xl * X X X  �* x x xl �:� x x x  

4 bits 20 bits 
Sign Data 

Code 

X - Either One or Zero 

{ Either One or Zero for binary-coded -decimal data 
Zero for octal data 

In the 4-bit sign group, the three most s ignificant bits are zeros.  A zero 

in the least s ignificant bit will indicate a pos itive sign, while a one in that 

location will indicate a negative sign. 



Word 
No. 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

1 3  

14 

15 

16 

17 

18 
19 

20 

2 1  

22 

23 

24 

25 

26 

27 

ID Code 
(Octal) 

0 1  

02 

0 3  

04 

05 

06 

07 

10 

I I  

1 2  

1 3  

14 

I S 
16 

17 

} 

20 } 
2 1  

2 2  

2 3  

24 

25 

26 

27 

30 

3 1  

3 3  
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Table 5. 2. Telemetry List 

Equation 
Symbol 

DD 

ADST 

} 
h 

r 

E/ON, s10 

r -c 

t::..V X 

t::.,V y 

t::.,V ?. 

} 

Units 

ft 

ft 

ft 

Description 

DEDA readout mode flag; a 1 in the sign bit indicates 
DEDA proces sing is in the readout mode 

Most recent DEDA data word in computer units 

DEDA clear mode {lag; a I in the sign bit indicates 

DEDA processing is in the clear mode 

Row 1 of direction cosine Tl!'latrix; cosine of angles 
between LM X-body axis and each of the AGS 
inertial coordinate axes. 

Octal address associate wit:h most recent DEDA 
communication 

Row 3 direction cosine matrix; cosine of angles 
between LM 2 -body axis and each of the AGS inertial 
coordinate axes, 

LM altitude above the nominal hmar (landing 
site radius) (JS); valid at words 2 3  and 43 time. 

Components (x, y, z) of LM inertial position, AGS 
coordinates; valid at words 2 3  and 43 thne. 

Combination of the engine command indicator and the 
guidance mode indicator .  A J in the sign bit indicates 
that the AGS is issuing an E/on command and bits 
1 - 3  indicate the state of s

10 (see Table S. 3) 

Components (x, y ,  z) of CSM inertial position, AGS 
coordinates; valid at words 23 and 4 3  time. 

• 

ft ln OI. predicted value of LM radius at the completion • of 01 maneuver. In CSI, CDH, and TPI, predicted 
value of LM radius at tig (word 39). In XDV, r£ has 
no meaning. 

Compensated incremental velocity ·changes along the 
body axes, sensed by the accelerometers in the 
ZO msec cycle prior to their output. 

sec L!'ast significant half of the double precision ACS 
absolute time. 

Compensated inc rem ental components of vehicle rota
r.ad tion about the body axes sensed by the gyros in the 

ZO msec cycle prior to their output. (Raw gyro counts 
inPCNCS/ AC$or body axis align submodes .  J • 

sec Time to LM Engine Burnout during 01. Valid only when 
engine is thrusting and thrust acceleration exceeds I ft/ • secZ. Has no meaning in all other guidance modes. 



Word 
No. 

2 8  

2 9  

30 

3 1  

3 2  

3 3  
34 

3 5  

3 6  

37 

3 8  

3'} 

4

0 41 

42 

43 

44 

4 5  

4 6  

47 

48 

49 
50 

ID Code 
(Octal) 

34

l 3 5  

3 6  

3 7  

40 l 41 

42 

4 3  

44 

45 

4 6  

47 

50 l 5 1  

5 2  

5 3  

54 

55 

56 

57 

60 

6 1  

62 

Table 5. 2. 

Equation 
Symbol 

v 

v -c 

h 

TAO 

t .  t g  

�bD 

DISC l C  
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Telemetry List (C ontinued) 

Units 

fps 

Cps 

fps 

fps 

fps 

sec 

sec 

se� 

ft 

ft 

fps 

Desc ription 

Components (x, y, zl of pre sent l.M ine.rtial velodty 
vector. AGS coordinate s ;  valid at words 23 and 43 
time 

Stored value of the computer self-test status word S12 
(bits 1 - 3) and the ullage counter f'B (bits 4-17). Sec 
table S. 4for812bitconfiguration. f1 8 isthenumberof 
consecutive 2-sec cycles that the sensed X -body axis 
ac celeration has exceeded the threshold value . 
Components fx, y. z) of CSM inertial velodty vec·tor. 
AGS coordinate s :  valid at words 23 and -13 Iinne 

LM altitude rate; valid at words 2 3  and 43 time 

Magnitude of the velocity-to-be -gained for the exist
ing guidance mode. Not valid in CDH mode, 

Predicted velocity-to-be-�ained in CDH burn when in 
the CSI j!uidance mode; and total predic.:Led � V requt red 
to rendezvous when in the TPI guidanc:e mode 

Predicted time from nominal CSI burn to CDH burn in 
CSI. Has no meaning in any otht' r guidance modes. 

Absolute time of next maneuver in CSI, CDH, ot· 
T PI. Has no meaning in 01 or XDV. 

Components alon� the x, y, and z inertial axes of 
unit vector commanding the guidance desired pointing 
direction for LM thrust axis 

Most signifkant half of the double precision AGS 
absolute time 

AGS Function Selector by which submode logic is 
selected via DEDA; bits 1-3 indicate the status of 
s00 (see Table 5 . -5 )  

Discretes which make up "Discrete Word One", bits 
1 - 8  indicate status (see Table S-6) 

Predicted differential altitude between the LM and 
CSM orbits after CDH burn output during CSI and 
CDH guidance modes; and the perifocus altitude of 
the computed transfer orbit during TPI guidanc.e 
mode 

Perifocus altitude of LM orbit; valid at words 2 3  
and 4 3  time 

Sums of the sensed velocity increments along the 
X, Y and Z body axes; obtained from the compensated 
accelerometer outputs 

• 

• 

• 
• 

• 

• 
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Table 5.  3 .  Bit Pattern, Guidance Selector s
1 0  

(Word 1 5} 

AEA Bit Pattern 
Mode 0 1 2 3 4 - 1 7  

Orbit Insertion (OI) 0 0 0 0 0 

Coelliptic Sequence 0 0 0 1 0 
Initiate (CSI) 

Constant Diffe rential 0 0 1 0 0 
Altitude (CDH) 

Direct Transfer Search 0 0 1 1 0 
(TPI Search) 

Direct Transfer Execute 0 1 0 0 0 
(TPI Execute) 

External A V (XDV) 0 1. 0 1 0 

Table 5 .  4. Bit Pattern, Self Test Indicator S 12 (Word 3 1 )  

AEA Bit Pattern 
Mode 

0 1 2 3 

Test Not Complete 0 0 0 0 

T e s t  Successfully Completed 0 0 0 1 

Logic Test  Failure 0 0 1 1 

Memory Test Failure 0 1 0 0 

Logic and Memory Test  Failure 0 1 1 1 

Table 5. 5.  Bit Pattern, Mode Word S 
00 

(Word 44) 

AEA Bit Pattern 
Mode 0 1 2 3 

Attitude Hold 0 0 0 0 

Guidance Steering 0 0 0 1 
Z Body Axis Stee ring 0 0 1 0 

PGNCS to AGS Align 0 0 l l 

Lunar Align 0 1 0 0 

Body Axis Align 0 1 0 1 

Calibrate 0 1 1 0 

Accelerometer Calibrate 0 1 1 1 

4 - 1 7  

0 

0 

0 

0 

0 

4 - 1 7  

0 

0 

0 

0 

0 

0 

0 

0 
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Table 5. 6 .  Bit Pattern, Discrete Input Word Number One (Word 45) 

Bit No. * Discrete 

1 Downlink Telemetry Stop 

2 Output T elemetry Stop 

3 Follow -up (�3 ) 
4 Automatic ({3 4 ) 
5 Descent Engine ON (� 1 ) 
6 A s c ent Engine ON (�2

) 

7 Abort ({3 6 ) 

8 Abort Stage ( �5 ) 

�!< 
A zero in designated bit indicates ON condition. 



6.  0 DEDA INPUTS AND OUTPUTS 
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This section contains a list of DEDA inputs and outputs for the A.E;A 

that would most likely b e  utilized on a flight. Other DEDA inputs and 

outputs are c ontained in Appendix A. To make the lists as useful 

. as possible, the symbol of the quantity as used in the guidance equations 

is presented along with the memory addr e s s ,  the quantization and the 

allowable range of the word. Also presented are the units of the word as 

well a s  a definition or description of the entry. The entrie s for the 

selection logic are. pre sented in Table 6. 1 .  Table 6 .  2 contains the inputs 

for lunar missions,_ and Table 6 .  3 contains the outputs for lunar mis sions. 

Table 6. 4 contains the input list for earth missions and Table 6 .  5 the 

output list for earth missions, 

6.  1 DEDA Display or Entry Data Conversion 

When entering or displaying data through the DEDA, the numbers 

and their placement in the five -digit data word determine the decimal or 

binary point, since the point is not displayed. For the data which is in 

decimal form, the quantization is given in the acc ompanying tables .  A s  

an example consider the readout of inertial velocity for the lunar mis sion. 

The DEDA address 4 3  3 would be inserted into the DEDA by the flight 

crew after depressing the 1 1CLR11 button. Depr essing the "READOUT" 

button would cause a number to appear such as +5321.0. Since inertial 

velocity is quantized at 0. 1 fp s, the inertial velocity should be inte rpreted � 
as 5 3 21 fps .  

The data which must b e  entered o r  displayed in octal form requires 

considerably more manual conversion to inte rpret in decimal form. These 

variables are identified in the tables by lis ting their binary scaling as 

opposed to the quantization for decimal variables.  Octal data which is 

displayed may be converted to the decimal system by first converting to 

the DEDA binary word form, next taking the 2' s complement if the data 

has a negative sign, then entering the binary point a s  specified by the 

scaling, and finally c onverting the data from binary to decimal. This 
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procedure i s  reversed to convert data from decimal to DEDA octal form 

for entry via the DEDA. 

The binary s caling which determines the placement of the binary 

point specifies the range of a variable . For example, a variable whose 
- 6  

maximum value is 0.  0 1  which i s  le s s  than 0.  01 5625 = 2 may be scaled 

at binary -6 which is designated B -6. The most s ignificant bit of the 

variable is then equal to 2 -7 
= 0.  007 8 1 2 5  and the range is actually 

±( 2 -6 - 1  LSB), where LSB indicates "least significant bit. " This scaling 

definition i s  applied to the DEDA conversions in the following example s .  

Example 1 .  Decimal-to -DEDA octal conversion 

Given sin 6L 
= - 0 .  5625 

Conversion to binary gives 

-0.  5625 1 10 - -0.  1 0 0 1 0 0 j 2 exactly 

Shift the binary point one place to the left, since 

sin 6
L 

is scaled at B I, fo get the scaled binary 

number 

-0. 0 1 0 0 1 0 0 1
2 

If the number to be input is negative, the scaled 

binary number must be converted to the 2 '  s com 

plement number .  This may be done by inverting 

all bits to the left of the least significant bit 

which is a one r esulting in 

-o. 1 0 1 1 100 1 2 
The 2 '  s complement number i s  now converted to 

octal form. 

- 0 .  1 0 1 1 1 00 j 2 - - 0 .  56000 j 8 exactly 

The number -56000 i s  then the DEDA octal equivalent 

of -0. 562S j1 0 for sin 6L . 

Example 2 .  Decimal-to -DEDA Octal Conversion 

Given that 1K22 = 0. 00354 1 10 
Conversion to binary gives 

0. 00354 j 1 0 - . 00000000 1 1 1 00 1 1 1 1  I 1 1 1 1 1 1 0 1 0 12 
Next shift the binary point 8 places to the right since 

1K22 i s  s c aled at B - 8  . 

. 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 2 
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The binary number i s  truncated at 1 5  bits since the 

DEDA only displays 5 octal digits . 

. 1 1 1 00 1 1 1 1 1 1 1 1 1 1  

Converting to  octal for DEDA 

+. 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 2 - +7 1777 j 8 

The number +71 777 is then the DEDA octal of 

+. 00354 j 1 0 for lK22. 

Example 3. DEDA Octal-to-Decimal Conversion 

When converting an octal DEDA readout, the pro

cedure is the reverse of what it  is for converting to 

a DEDA i nput. Given the DEDA readout of 

1 K l 3  = +Oo2oo I s  
Conve rting to binary 

+00200 18- +. 00000001 0000000 j2 

Since 1 K l 3  is scaled at binary - 7 ,  shift the point 

7 bits to the left to get 

+. oooooooooooooo1oooooo 12 - 2 - 1 5  j 1 0  
Hence , a DEDA readout of +00200 for 1 K l 3  is 

equivalent to -" 

+.  oooo3052 !1 0. 

6 .  2 DEDA Accessible Quantities 

In this section the DEDA acces sible variable s most likely to be 

utilized on a mission are presented. 



Equation 
Symbol Addre•• 

Soo 400 

soo 400 

s
oo 400 

s
oo 400 

5oo 400 

soo 400 

soo 400 

soo 400 

5o7 407 

5o7 
407 

410 

410 

410 

410 

410 

4 1 0  
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Table 6 - 1 .  AGS Selector Logic 

Value 

+00000 

+10000 

tZOOOO 

+30000 

+40000 

+50000 

+bOOOO 

+70000 

+00000 

+10000 

+00000 

+10000 

+20000 

+)0000 

HOOOO 

+50000 

Description 

ACS Submode Selector is in Attitude Hold. If the AGS is in control. the LM 
mAint&ina the iner'tia.l .attitude it had when this tnode w a s  entered. The pro
gram automatically �ntera thia mode upoo ACS engine cutoff, PCNCS to ACS 
a.lie-n completion and calibration completion. 

AGS Submode Selector is in Guidance Steering Mode. If the AGS is in 
control, the attitude error signals will orient tb� l,M to the desired thrust 
diTec:tion. 

ACS Submode Selector 1S in Z-body Axis Steerit)g Mode. If the AGS is in 
control, the attitude errors .signals Will drive the +Z-body axis in the 
e1t-ime��ted direction of the CSM U s507 is zc�o or in the deai.red thrust 
dir�etion if s507 is one. 

AGS Suhmode Sel�ctor is in PCNCS tQ AGS AUgn The !lyst�m is in this 
mode Cor Z seconds during which time the AGS stable member- coordinate 
Crame is alis;ned tQ the PCNCS stable memb�r fran'\e. Upon completion o( 
this operation, the ACS Submode Set ector is automatically returned to the 
" attit\lde hold)' mode. 

ACS Submode Selector is in the Lunar Align mode. See Section 1 b. z. 

AGS Submode Se\e<tor Is in the Body Axis Align mode. See Section l b. 2 

ACS Submode Selector is in the Gyro and Acc�lerometer Calibrate mode. 
See Section l 7 .  Gyro caiibratio·n tfme is 302 sec and accelerometer 
calibration tUne ia 3Z sec;:. Upon compl�tion of the calibrations, the A.GS 
Submode Selector ret<Lrns to the Attitude Hold mode (500 � +00000). 

AGS Submod� Selector is in the inflight Accelerometer Calibrate mode 
The Submode Selector should NEVER be in this mode on the lunar surface. 
Completion of the calihl'atiol"' �,- 3l sec; the AGS S1.1bmode Selector 
returns to the Attitude Hold mode after 102 sec. 

This ie the normal value prio·r to freezing the extern-al AV ve{odty-to-be· 
s•ine.d in inertial space. 

If in the external AV mode of guidance.� and the initiation of thrust i.s not to 
be along the poait.ive ){ .. body direction. then this �ntry must be made prior 
to the rime o.f thrust initiation. If thrusting is initially along the positive 
X.-body axil dire<:tion, this selection will a.utornaticalty b� set upon the 
detection o{ ulla.ge. The purpose of this entry itt to freeze the external t. V 
velocity-to-be•gained vector ln ine.rtla.l apace. The time to s�t. 507 ie 
apecified by Mis•ion Control 110 as to be consistent with the targeted 6 V 
values� alao supplied by Mission Control. 

ACS Guidance Routine Se-lector is in the �·orbit tn•ertio·n'' mode. See 
Section 22. 0. The purpose of this mode is to guide the LM vehicle to a 
preacribed orbital trajectory. Targ�ting constan.ts lor this trajtrclory 
are altitude, altitude .ra�e and semi-major axis limits. 

ACiS Guidance .Routine Selector i a  in the 11Coelliptic Sequen<:e. initiate'' 
(CSI) mode. See Section 23. 0. Three targeting conatanto are 
required for tbie mode: the time of the CSI maneuver, the nominal 
time of the TPI maneuver (DEDA entTy tJ ), and the d••ired cot•ngent 
of the line -of-eight angle betwee" the LM OLI\d CSM at the time o£ the 
TPI maneuver IDEDA entry 2J), 

AGS Guidance Routlne St:lector is in tht-- "Col1itant Delta h" (CDH) mode. 
Targeting required is CDH tinle. See Section 2.4. 0. The purpos� of the 
maneuver is to make the LM orbit "coelliptic" with the CSM orbit. 

AG·s Guidance Routine Se\eetor ia In a TPI Search Mode. See Section 
25. 0. This modo is used prior to the TPI maneuver to deh:rminc 
when the direct tra.ns!er (TPI) maneuver is to be: �rformed. Target· 
ing lnpute neees:aary for this

_ 
mode are a time increment (TA ) neces

sary for. the $ea.rch and the desired tlme 'lncrement from T PI to 
rendezvous (DEDA entry bJ). 
AGS Guidance R,outlne Selector is in the TPI Execute mode. See Sec
tion ZS. 0. This mode il uaed to achHtlly perform. any direct transfer 
maneuver•. Targeting !or thla mode ls the AGS time ol the maneuver 
and the t\me from the beginning of the maneuver to rendnvouo (6J). 
An addition&.l DEDA entry can be made to force: th� node: to occur 4J 
minutes prior to normal rendezvous tlme. 

AGS Cuidane:e Routine Selector it in the " Ext�rnal �V" mode. See 
Section Z?. O. This mode ia used to perform maneuvers based upon 
externally supplied velocity-to-b.,-gained componenh. Ti.rgetin& inputs 
necessary Cor this mode �re three components of velocity-to-be-
gained io local vertical coordiniltee. The time when the burn com
mences must be known but is not an entry into the AEA If oth.er than 
+X tbru•ting ia planned as the first burn maneuver, the tim� wh.e:n the 
external 11V input i• " froze.n" mu•t also be known (L e . ,  time when 
S07 io set to tiOOOO). 

• 

• 

• 

• 



Equati.on 
Symbol Addre .. 

414 

414 

415 

s \ 6  416 

s1t. 416 

s 1 7  4 1 7  

Sn 417 

5507 507 

s507 507 

s623 623 

s623 623 
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Table 6 - 1 .  AGS Selector Logic ( Continued) 

Value 

+!0000 

+00000 

+10000 

l-00000 

+10000 

+ZOOOO 

+ 3 0000 

+1 0000 

+30000 

+00000 

+ 1 0000 

+00000 

+10000 

+00000 

+10000 

Desctoiptlon 

Th� actual thruat dir�ction of the LM depend$ upon the engine being used. The 
DPS and RCS engines are assum�d to thrust along th� X-body axis and the APS 
engine it assumed canted through nominal angles. If the APS engil\e is being 
used, thit address and value should be entered. I£ an abort stage occurs dur
ing a burn, it is not neceuary to enter s1 1 = + 1 0000 because the approp-riate 
action is taken in the computer. 

This entry reaets the equalion •.elf-test error indicator and re-initiatu test
i.ng. In general, this is the only entry that ever need be made in this address. 
The remainder of the valid states (+10000-test successf11lly completed, 
+30000-logic teat failure, +40000 memory test fail11re, +70000-logic and 
memory teat failure) are for readout purposes only. 

Any entry io thit cell (+10000 is augge•ted) causes the lunar surface flag to 
be set and the lunar a:oimuth stored. The va\11e of +00000 for s1 3 is reset only 
by the computer power turn-on sequence. However, lunar azimuth \s stored 
each time S 13 is setto + 10000, whether or not s13 was previously+ 00000. 

Following completion of any navigation initialization, the program automati
cally eotabliahes this value in the cell. It is used only to indicate completion 
of initiali:ntion. Do not enter +00000 &ince it will be treated as a +tOOOO entry. 
See Section 1 5. t .  

This entry commands a LM and CSM navigation initialization via the PGNCS 
downlink. 

This entry commands a LM navigation initialization via the OEDA The 
ephemeris data are first entered and then this entry made. 

This entry commands a CSM navigation initialization via the DEDA. The 
ephemeris data are first entered and then this entry made. 

Any entry in this cell causes the Z-bo<ly axis direction cosines, the time 
oince the last range input, and the last computed range and range rate 
to be stored in the appropriat·e cells for use in the radar filter. The entry 
+10000 Is suggested. 

• 
This entry causes the CSI calculations to compute the CSl maneuver • with the CDH maneuver occurring at one-half orbital period following 
CSI. 

This entry causes the CSI calculations to compute the CSI maneuver with the • CDH maneuver occurring at three-halves· orbital periods following CSl. 

This is the normal value ofthe "radar £ilter initialization" command. This entry • need never be made by t.he astronaut since the program resets the value auto-
matically to +00000 after the command to initialize the radar filter. 

This entry causes the radar filter to be initialized. The entry + 10000 is • .required. The entry in this address is then set back to the nominal 
value ( +00000). 

Orient Z-body to direction of CSM when Z-body steering is commanded 
(400 + ZOOOO). 
Orient Z - body .to desire<'! thrust direction when Z-body steering is 
commanded (400 + ZOOOO). 
Orient. Z-body axis parallel to CSM orbit plane when guidance steering. is 
commanded (400 + 10000). 

Orient Z -body a.xi• parallel to plane defined by W b When guidance steering 
is commanded (400 + 10000). 

-



Table 6. Z.  

Equation 
Symbol Address Units Value 

wbx 514 octal 

wby 5 1 5  octal 

wb .. 5 1 6  octal 

I J I  Z40 ft 

1.12 2.41 ft 

1]3 Z4Z ft 

114 Z60 ft /sec 

IJ5 261 ft / sec 

IJ6 Z6Z ft/sec 

lJ7 254 min 

ZJl Z44 ft 

ZJZ Z45 ft 

ZJ3 246 ft 

2.14 Zb4 ft/sec 

ZJS 2.65 ft I sec 

2.J6 2.66 ft /sec 

2.J7 2.72. min 

t 377 min 

Z8JI 450 ft /sec 

Z8J2 451 ft /sec 

2.8J3 4SZ ft /sec 
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DEDA Inputs - Lunar Mission 

Range Quanti :>.ation Description 

B l  - } Unit vector in AGS inertial coordinates, 
B l  - normal to the plane tn which the Z body 

axis is commanded during guidance 
8 1  - steering when s6?.3 = 1 

:1:8,388, 600 10
2 

X component of LM position used in LM 
initialization via the DEDA 

:1: 8 , 3 8 8 . 6 0 0  1 0
2 Y component of LM position used in LM 

initialization via the DEDA 

:�: 8 , 3 8 8 . 6 0 0  1 0
2 Z component of LM position used in LM 

initialization via the DEDA 

:1:8191 o. 1 X component of LM velocity used in LM 
initialization via the DEDA 

:1:8191 0. 1 Y component of LM velocity used in LM 
initialization via the DEDA 

±8191 0. 1 Z component of LM velocity used in LM 
initialization via the DEDA 

0 to 4369 o. 1 Epoch time of LM ephemeris data used 
in LM navigation initi.alization vla the 
DED.A. This time must be expressed in 
AGS compute r time. (see Section 9. l )  

:1:8,388.600 1 0
2 

X component of CSM poaition used in 
CSM initialization via the DEDA 

:1:8,388.600 1 0
2 Y component of CSM position used in 

CSM initialization via the DEDA 

:1:8,388,600 1 0
2 Z component of CSM position used in 

CSM initiaHzation via the DEDA 

:�:8191 0. I X component of CSM velocHy used i n  
CSM initialization via the DEDA 

:1:8191 0. 1 Y component of CSM velocity used in 
CSM initialization via the DEDA 

:1:8191 0, 1 Z component of CSM velocity used in 
CSM init.ialization via the D:EDA 

0 to 4369 0. l Epoch time of CSM ephemeris data used 
in CSM navigation initiali:r.ation via the 
DEDA. This time must be expressed 
in A<:;S computer time (see Secti.on 9. l )  

0 to 4369 o. 1 AGS computer time (see Section 9. I )  

:�:8191 o. 1 Component of External 6 V input in 
the direction parallel to the CSM • 
orbit plane. A positive value indi-
cates a velocity-to-be-added in the 
posigrade direction. 

z8191 0. I Component of External A V input in the 
direction perpendicular to the CSM 
orbit plane. A positive value indicates • 
a velocity-to-be-added opposite to the 
LM angular momentum vector. 

±8191 o. 1 Component of External AV input in the 
radial direction. A positive value indi-
cates a velocity-to-be-added toward the 
Moon 



Table 6. 2.  

Equation 
Symbol Address Units 

IJ 

2J 

3J 

4J 

6J 

7J 

9J 

16J 

l7J 

lllJ 

2 i J  

22J 

23J 

ZSJ 

Z9J 

547 

275 

605 

H2 

306 

2 3 1  

307 

224 

225 

226 

232 

503 

3 1 6  

233 

464 

465 

223 

274 

310 

373 

373 

373 

o-n 

053 

octal 
rad 

min 

octal 

min 

nlin 

ft 

min 

{t 

ft 

{t 

ft 

ntnl 

feet 

fl/ sec 

fl/sec 

Ct 

min 

rnin 

min 

min 

min 
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DEDA Inputs - Lunar Mission (Continued) 

V alue Range 

BO 

0 to 4%9 

B7 

t l 3tl 

0 to 1 �6 

± 8 ,  388, 600 

± 8 , 3 8 8 , 600 

� 3 . 3 8 8 , 600 

0 to I o5 

± R l 9 1  

0 to 1379.6 

0 to 1 0
5 

�1000 

±1000 

-4369 
to 0 

0 to 1 3 6  

0 to 4369 

0 to 4369 

0 to 43b9 

B l  

B l  

Quantization 

0. 1 

0. 01 

0. 01 

0. 01 

0. 1 

0. I 

0. I 

to2 

0. 01 

0. I 

0. 1 

0. I 

Description 

LW'lar Atign Azimuth Correction (st�e 
Section 16. 2) 
Desired ti.mc o{ TPI maneuver as 
utili�cd in the CSI calculations . This 
time must be input in AGS computer 
time 

• 
Desired cotangent of line-of-sight 1\n)!le • between .L.M and CSM at desired TPI 
time as used in the CSJ comput�tiont:: 

This entry i> a TPI rendezvous offset 
time as us<:d in tnc stable orbit 
rendtnvous technique 

• 
Time increment of node prior to nonlinal ' 
rendcz.vous 

H.adiitl distanCt"' o( landing site from tlu .. · 
cen�cr of tne attr�clinf( body 

Transfer tin1-c fron1 beglnnin� of di t'i'''l 
tranSfer n"lO\neuver to rendezvous 

Term in semi-n1aJor axis con1puto:�t.ion, 
"'L (01) 

aL lower limit (01) 

"'L uppe r lin1it (01) 

Targt:h.:d injection 1.dtitude at orbit 
insertion 

Radat· range rat-e 

Radar rang<' 

Vcrticrll pitc h steerinp. altitude tlu·e�hul•l 

Verti4;:�l pitch steering ;t)tirud<· r ate 
threshold 

Target rA-dial rn.tc :tt 6rbit i.nst..•rti<m 

DEDA altitude update durin)! 
descent phase 

lnit.ial rarlar filter valuP £or t1 

Time Increment until TPI 1ned in 
g\•ldance TPI search routine 

Absolult> time of CSL man.,uv<·r in AGS 
computer tlmc 

AGS absolute time of CDH maneuver 

Absolute time of TPI or n1idcourse 
maneuver in AGS con1put<"r t·irne 

Si.ne of the Landing Azimuth Angle ( """ 
Section 16. 2) 
Cosine of lhe l�anding Azimuth Anj!'le 
(•ee Section 16, 2) 

• 

• 
• 
• 

• 
•¢ 

• 
• 
• 
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Table 6 - 2 .  DEDA Inputs - Lunar Mission ( C ontinued) 

Equ;>t(on 
Symbol Addreu Units Value Rl\nge Quanti>.atlo·n Description 

vdX 
404 ft/sec- B l l *  Accumulated t>V i n  X-body direction 

minus descent engine capability (updated 
every 40 mseconds}. 

I K I  544 deg/hr �10 0 . 0 1  X-gyro drift compensation constant 

I K 6  545 deg/hr � 1 0  0 .  0 1  Y -gyro drirl <·ompensation constant 

I K I I  541> deg/hr ± 1 0  0 .  Ot Z-gyro drift compensation constant 

I K 1 9  540 {t/oec 2 
±0. 064 o. 001 Compensation for X-ax1s accelerometer 

bias 

I K 2 1  541 ft/sec
2 

:0. 064 o. 001 Compensation for Y -axis ac celerometer 
bias 

lK23 542 ft/ sec2 
±0. 064 o. 001 Compensation for 7.-axis accelerometer 

bias 

I K I 8  5 3 4  ft/sec/ B-8 X -Accelerometer Scale Factor 
pulse 

I K ? O  535 ft/sec/ B-8 V -Accelerometer Seale Factor 
puls e 

I K22 531> ft/ sec/ B-8 Z-Accelerometer Scale Factor 
pulse 

3K4 6 1 3  Bl Sine of TPI interdict region 

K55 607 BO h. display scale factor 

* 
Because V 

dX wae not intended for DEDA processing but i8 on the downlink. 

it is \n a region of memory for which a non-applicable DEDA procegsing 

ocale factor ie selected. The only access to thil cell via DEDA s·hould be 

a.s described in Section 2.. 3. S. 

• 



Equation 
Symbol 

r X 

r 
y 

r 
z 

v X 

v y 

v z 

v 

r ex 

r cy 

r 
cz 

v ex 

v cy 

v cz 

t 

q
LT 

q 1 D 

qa 

AVgX 
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Table 6 .  3 .  DEDA Outputs - Lunar Mission 

Addres s  Units Range Quantization Description 

340 ft ± 8, 388, 600 1 02 X component of 
LM position 

341 ft ± 8,  388, 600 10
2 

Y component of 
LM position 

342 ft ± 8, 388, 600 1 0
2 

Z c omponent of 
LM position 

360 ft/ sec ± 8 1 9 1  0 .  1 X component of 
LM velocity 

3 61  ft/ sec ± 8 1 9 1  0. 1 Y component of 
LM velocity 

362 ft/ sec ± 8 1 9 1  0 .  1 Z component of 
LM velocity 

433 ft/ sec +8 1 9 1  o .  1 LM velocity 
magnitude 

344 ft ± 8, 388, 600 1 0
2 

X component of 
CSM position 

345 ft ± 8,  388, 600 1 0
2 

Y component of 
CSM position 

346 ft ± 8,  388, 600 1 0
2 

Z component of 
CSM position 

364 ft/ sec ± 8 1 9 1  o .  1 X component of 
CSM velocity 

3 6 5  ft/ sec ± 8 1 9 1  o .  1 Y component of 
CSM velocity 

366 ft/ sec ± 8 1 9 1  o .  1 Z component of 
CSM velocity 

377 min 0 to 4369 o. 1 AGS computer 
time 

403 nmi ± 1 3 79. 6 o .  1 Perifocus altitude 
of LM trajectory 

402 nmi ± 1 3 7 9. 6 0 .  1 Perifocus altitude 
of predicted LM 
trajectory (TPI 
only) 

3 1 5  nmi ± 1 3 79 .  6 0 .  1 Apofocus altitude 
of LM trajectory 

500 ft/ sec ±8191  0 .  1 Velocity-to-be-
gained in X- body 
direction 
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Table 6 .  3 .  DEDA Outputs - Lunar Mission (Continued) 

Equation 
Symbol Address 

t::N 
gY 

501  

D..Vgz 502 

V DX 
470 

V DY 47 1 

V DZ 
472 

r
A 

477 

v
po 

3 7 1  

D. r  402 

� 277 

TAO 
372 

5r 3 14 

Units 

ft/ sec 

ft/ sec 

ft/ sec 

ft/ sec 

ft/ sec 

ft/ sec 

ft/  sec 

nmi 

deg 

min 

nmi 

R ange 

± 8 1 9 1  

± 8 1 9 1  

± 8 1 9 1  

±8191  

±8 1 9 1  

± 8 1 9 1  

± 8 1 9 1  

±1379. 6 

0 to 360 

0 to 4369 

± 1 379. 6 

Quantiz ation Description 

0 .  1 Velocity -to-be -
gained in Y - body 
direction 

o. 1 Velocity-to-be -
gained in z - body 
direction 

0. 1 f::l.V expended in 
X -body dir ection 
minus des cent 
capability ( updated 
every 2 seconds) 

o. 1 f::l.V expended in  
Y -body direction 
(updated every 
2 seconds ) 

0 .  1 f::l.V expended in  
Z-body direction 
(updated every 
2 seconds) 

0. 1 Pre dieted altitude 
rate of LM at CSI, 
CDH, or TPI time. 

0. 1 � V  for CDH 
maneuver (valid 
when in CSI 
guidance mode) 

0 .  1 Differential alti-
tude in coelliptic 
orbit ( valid in 
CSI or CDH only) 

0. 0 1  In plane angle be -
tween Z body axis 
and local horizontal 

o. 1 Time from CSI 
to CDH (valid in 
CSI only) 

0. 1 Diffe rential orbital 
altitude along LM 
radial at CSI time 



I 

I 

I 

I 
I 

I 
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Table 6. 3 .  DEDA Outputs - Lunar Mission (Continued} 

Equation 
Symbol Address Units Range Quantization Description 

R 3 1 7  nmi 0 to 1 379.  6 0 .  1 R ange from LM 
to CSM 

R 440 ft/sec :;f: 8 1 9 1  0 .  1 Range rate 
between LM and 
CSM (negative 
sign indicates LM 
closing on CSM) 

r 367 ft/sec ± 8 19 1  0 .  1 LM altitude r ate 

h 3 3 7  nmi 0 to 1 379.  6 0. 1 LM altitude 

e£ 303 deg 0 to 360 0 . 0 1  LM to CSM Phase 
Angle (in OI at 
present; CSI or 
CDH modes at 
t. ) . lg 

6.VG 2 6 7  ft/ sec 0 to 8 1 9 1  0 .  1 Magnitude of LM 
velocity to-be 
gained (Not valid 
in CDH mode) 

6LOS � 0  � deg 0 to 360 0 .  0 1  Predicted line -of 
sight angle at TPI 
time (TPI mode 
only) 

V
T 

3 7 1  ft/sec 0 to 8 1 9 1  o .  1 Total velocity to 
rendezvous 
(TPI Mode Onlyl 

vPY 2 6 3  ft/sec :;f: 8 1 9 1  0 .  1 Predicted LM 
out-of -plane 
velocity at tig 
in CSI, CDH, or 
TPI; p r e s ent LM 
out-of -plane 
velocity in OJ. 
Has no me aning 
in XDV. 

vyo 2 70 ft/ sec ± 8 19 1  0 .  1 Present LM 
out-of-plane 
velocity 

y 2 1 1  ft ± 8, 388,  600 1 0
2 Present LM 

out-of-plane 
distance 
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Table 6 - 3 .  DEDA Outputs - Lunar Mission ( C ontinued) 

Equation 
Symbol Addr e ss  Units Range Quantization Description 

t .  3 7 3  min 0 to 4369 0 .  1 AGS absolute lg 
time of next 
maneuver 

T� 3 1 0  min 0 to 1 3  6 0 .  0 1  Time to go until 
CSI maneuver 
when in CSI mode 
CDH maneuver 
when in C DH, and 
TPI maneuver 
when in TPI 

T 3 13 min 0 to  1 3  6 0 .  0 1  Time t o  go until 
perg 

p erifocus of LM 
orbit 

1 J  275 min 0 to 4 3 69 0 .  1 Nominal time of 
TPI maneuver 

3J 3 1 2  P1in 0 to 1 36 o. 1 TPI Rendezvous 
offset time 

4J 306 min 0 to 1 3  6 0 .  1 Time of node 
prior to nominal 
r end ezv'Ous time 

6J 307 min 0 to 1 3  6 0 . 0 1  Time from TPI 
to rendezvous 

T r 
3 1 1  min 0 to 1 3  6 o .  0 1  T ime to  go until 

rende zvous in 
TPI mode 

>:< 5 574 De s c ent section 
2 

staging flag 

):( 6 604 Lunar surfa c e  
2 1  flag 

>i< 
Thes e are internal computer flag s .  Only the sign of the quantity 

has s ignificanc e .  
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Table 6 - 3 .  DEDA Outputs - Lunar Mission ( C ontinued) 

Equation 
Symbol Add r e s s  Units Rang e Quantization Des c r iption 

lJ- 6  6 1 2  40 msec · B 1 7  Staging s equence counts c ounter 

lis 614 2 - s e c  in- 0 to l . O Ullage counter 
crements 1 3 1 , 072 ( Decimal) 

r
f 423 ft/ sec ±8 1 9 1  0 .  1 De s ired final value 

of altitude rate 
1 K 1 9  540 ft/ sec 

2 
0 . 064 0 . 0 0 1  X - a cc el e r ometer 

bias compensa-
tion ( Decimal) 

1 K2 1  541  ft/ sec 2 0. 064 0 . 0 0 1  Y - a c celerometer 
b i a s  compensa-
tion { Decimal) 

t K23 542 ft/ sec 
2 0. 064 0 . 0 0 1  Z - a cc elerometer 

bias compensa-
tion (Decimal) 

1 K 1 8  5 3 4  ft/ sec/ B - 8  X -accelerometer 
pul s e  s ca l e  factor 

1K20 5 3 5  ft/ s ec/ B - 8  Y - a ccelerometer 
pulse s cale factor 

1 K22 5 3 6  ft/ s e c /  B - 8  Z - a c c el e r ometer 
pulse s cale factor 

1K1 544 deg/hr 1 0 . 0 0. 0 1  X -gyro drift 
compensation 

1K6 545 deg/hr 1 0 . 0 0 .  0 1  Y -gyro drift 
compensation 

1 K l l  546 deg/hr 1 0 . 0 0 . 0 1  Z -gyro drift 
compensation 

1K9 6 1 6  2 - s e c  0 to 1 . 0  Ullage count e r  
incre- 1 3 1 , 072 value for ullage 
ment completion 

' 



Table 6-4. 

Equation 
Symbol Address Units Value 

5 1 4  Octal 

5 1 5  Octal 

5 1 6  Octal 

I Jl 240 (t 

I J2 241  (t 

I J 3  (t 

lJ4 260 ft/sec 

lJ5 261 

I J6 21>2 (t/sec 

IJ7 254 mil'\ 

2 J I  244 it 

2J7 745 (t 

2J3 241> (t 

2J4 264 Ct/ sec 

2J5 265 Ct/sec 

2J6 266 £t/aec 

2J7 2.72 min 

3 77 min 

28J I 450 £t/ sec 

2812 451 ft/ sec 

28J3 452 it/sec 

1 H76-6033- TOOO 
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DEDA Inputs - Earth Mission 

Range 

Bl 

B l 

B l  

±33,554,1100 

±33,554,000 

±33,554,000 

±32767 

±32767 

±32767 

0 to 4369 

:t33,554,000 

±31, 554,000 

± 3 3 , 554,000 

±3 2767 

±32767 

±3271>7 

0 to 4369 

0 to 4369 

:t3271>7 

±32.767 

±3?767 

Quantization 

0. I 

0. I 

0. I 

Description 

Unit vector in AGS in�rtial coordi .. 
nates, normal to the plane in which 
the Z -body axis is commanded durillg 
guidance steering when Sl>l.l = I 

X component of LM position used in LM 
initialization via the DEDA 

Y component of LM position used in LM 
initialization via the DEDA 

Z component of LM position used in LM 
initialization via the DEDA 

X component of LM velocity used in LM 
initialization via the DEDA 

Y component of LM velocity used in LM 
initialization via the DEDA 

Z component of LM velocity used ln LM 
initialization via the DEDA 

Epoch time of LM ephemeris data used 
in LM navigation initialization via. the 
DEDA. This time must be expressed in 
AGS computer time (see Section 9 l )  
X component o f  CSM position used in 
CSM initiali:�;ation v;a the DEDA 

Y component of CSM position used in 
CSM initialization via the DEDA 

Z component of CSM position used in 
CSM initialization via the. DEDA 

X component of CSM velocity u•ed in 
CSM initialization via the DEDA 

Y component of CSM velocity used in 
CSM ini�ialization via the DEDA 

Z component of CSM velocity used in 
CSM initialization via the DEDA 

E;poch time of CSM ephemeris data used 
in CSM navigation initialization via the 
DEDA This time must be expressed in 
AGS computer time (see Section·'1. t )  

AGS computer time (see Section 9 . 1 )  
Component of Exte rna! A V input in 
the direction parallel to the CSM 
orbit plane. A po1itive value indi· 
catee a velo.;:i!y·to·be·added in the 
posigrade direction 

Component of External A V input in the 
direction perpendicular to the CSM 
orbit plane. A positive value indicates 
a velocity-to-be-added opposite to the 
l.M angular momentum vector 

Component of External AV input in the 
radial direction. A positive value indi
cates a velocity-to-be-added toward the 
Earth 

• 

• 



Table 6-4. 

Equation 
Symbol Address Un1t. 

6 6 �47 octal 
rad 

11 Z75 min 

2J bo� octa 1 

IJ l i Z  min 

4J 306 min 

�J Z 1 1  !t 

&J 307 min 

7 I ll4 (t 

8 1  zz� (t 

't l  llb ft 

I i>J Zll (t 

17J SOl ft/ tH! C  

t8J l i b  nmo 

l i J  z l l  !t 

22J �b4 rt/ sec 

2lJ 465 It/ ••c 

ZSJ 2Zl It 

l')J 274 min 

TA 3 1 0  man 

',aA l1l m in 

t,se 
!7 3 moo 

1tcc 171 mon 

oln �1. 041 

cos �- 0�1 

v<IX 10� h/scc 

I K I  SH d•a/h• 

IKO �·� d<g/hr 

I K I I  � . .  dog/hr 

l K  1<1 HO It /••c z 

I KZI 511 h /1ec z 

I KZ3 HZ It l••c 2 

See footnote on next page 
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DEDA Inputs - Earth Miss ion (Continued) 

Vatu� R.anae Quantu.a.t aon 

80 

0 to HM 0 I 

87 

t l l b  0 .  0 1  

•· I  1 6  0 0 1  

t O l  

0 t o  1 Sb 0 01 

;,33, 5S4, 00( 103 

"'l3, 554, 00( 103 

"n. S54, oo£ lOl 

0 tn 
101 II.�;�. QOI) 

-t-lZ7n7 I 

n to 5 5 1 8 . 4  I) I 

0 to 1 0 1  
l l .  ss�. ooo 
2127b7 I 

*12761 I 

to3 

-4!69 
to 0 

0 to 1 3 6  0 01 

0 tl') �HtO 0 I 

0 to 4)oO 0 I 

n to Hb<> 0 I 

B l 

81 

. 
8 1 5  

± 1 0  (). 01 

*10 0 01 

* 1 0  o. 0 1  
*· 01> 0, 0 1 
•. o& 0, Ol 

*· 06 0 . 0 1  

OC"•cription 

L unar Allen A&im u.th Correction ( s ee 
Soctoon I I. ZJ 
0f"Jtred hme of TPI m•neuv�r iUJ uhli?.ed 
in the CSI catcul;ation• Thl• h.me mutt 
be tnput '" ACS comput�r time 

0f'Si red coU.n&ent ol Une -of -•ttht 11ngl� 
betw••n LM .and CSM at de.sll•ed TPI 
time "' used in th• esc computations 

This �ntry is a TPI cende�vo\le oH.s�t ttme 
•• \IAed In th� $tAble: orbtt rendez.vou� 
technique 

Tlme 1nccement or nodt: pr"tOr II) nomina.l 
rCO"nde%VOUS 
H\ltll�:1 diUanC'e Hf 1a.unth t1ite (rom 'hi!> 
t¢nh:r tl£ the- 3ttra ct tn� body (Earth) 

Tran.Jfer hme from ht:atnntn� of dirr"ct 
tranlfcr mllneuver to rende?.vuus 

TeTm tn aenu-mator axt! compurah()n, 
o

Le Oil 

o._ lower limit 1011 

OL lnwf'r hnu1 tOll 

T .irg�u·d •nJtlction .ttu.ud .. •• orbtt 
tn .. crltttn 

R;.tfar rAn$1,r ratt" 

Ri\rli\ r rantr,t-

v,.rthal pitc-h ... tecrini! .tltltulfe thres-holtJ 

v ,.  .. tu:at pt1ch "itt'f"rln2 .o\t•tude rate 
thr e•holt1 
T .. r�c-t ro11cl•�l ratr- .,t ,,rbtt irlsertirtn 

OF:OA attiturlf• vpcliole dunn� rl•• .... n•rtt pha&r 

Jrut.a l rl\dll r'(llt<"r value 
lor ' c  

Tim� 1n1·rcm�nt unttl TPt U&(•d tn TPl !\(:'a.r� h 
JtutrtAnc e routint" 

.... htt•hHe timP '•f CST m.tneouvf'r 1n AG� 
c nn\putcor 1 nH• 
.-\h .. nh.alr t1nH• 1f COH m.lne-uvf'r 

Abaol1.1\e ttmc- raf TPI •T nurlc-"urc;e 
man,.uv�r •n AGS 1 omputf'r lim I! 

�lftf! of th• L .. nrhna Aumuth An�le I !I("� 
�.,.ctaon t i-1 ll 

Cnsin� t)( thf' l.dn,hn� A7..tmuth .-.ogle- I ��e 
S•t..hun 16 2J 
Ac• umulateti O.V 1n X -bntiy dlrection minus 
detctnt �naane < •potbthty t updated tv cry 
40 msecondsl 

x .. gyro dtlh comp�ntatlon .-onst .. llt 

Y -ayro ddh compensatlon constant 

Z·�eyro t.lnh �ompen,ahon con$tant 

Compenl&hon (Qr X .ax is •ccch:romtte.r bia� 

Compensatlnn fnr Y ·axls acceleromete-r bias 

Compen8ation Cor 7 ... xis <i<:te1erometer bi•• 

• 
• 
• 
• 
• 

• 
• 
• 

• 
• 

• 
• • 



Table 6-4. 

Equation 
Symbol Address Units 

IKlS 534 ft/ sec/ 
pulse 

t KZO 535 it/ sec/ 
puloe 

tKn 536 ft/sec/ 
pul•e 

3K4 6 1 3  -

K55 607 -

1 1 176-6033- TOOO 
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DEDA Inputs - Earth Mission ( C ontinued) 

Value Range Quanth:ati on De5cription 

B - 6  X-accelerometer scale factor 

B - 6  Y -acc.e\eror:neter scale factor 

B-6 Z-accelerometer scale factor 

� I .  0 B l  Sine of TPI interdict region 

BO h display scale factor 

"'Because V was not intended for DEDA processing, but is on the AGS downlink, it ia in a region 
of memorycltor which a nonapplicable DEDA processing scale factor is selected. The only acces• 
to this cell via DEDA should he as described il'l Section 2.. 3. S. 



Equation 
Symbol 

r 
7. 

v 
X 

v y 

v " 

v 

r 
(:X 

rcy 

v ex 
v cy 

v cz 

qa 
<l>Vgx 
<l>VgY 
t>.v

gZ 

vox 

V
DY 

h 

t:Nc 

v 1 

i r 
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Table 6-5 .  DEDA Outputs - Earth Mission 

Add re.Js 

140 

H I  

l4Z 

360 

3 6 1  

362 

4 l l  

H4 

H5 

H6 

165 
366 

J77 

403 

402 

3 1 5  

500 

501 

502 

471) 

471 

472 

477 

37! 

402 

217 

312 
3 1 7  

440 

31>7 

3F 

303 

�67 

3113 

3i' l  

3 I 4 

Units Range Qu_antia.ation 

h �33,554. 000 1 03 

h i 3 3 , 5 54,000 1 0
3 

A/oee �32767 1 

ft/sec ±32767 1 

ft/sec; ±32767 1 

!t/sec I- 3Z767 

It ± 3 3 . 5 5 4 . 000 

h ± 3 3 , 554, 000 

ft *B. 554, 000 

ft/sec. ,032767 

ft/see ±32767 

It/see ±32767 

min 0 to 416'1 

nmi ±5518. 4 

nmt ± 5 5 1 8 . 4  

nmi r 5 5 1 8 .  4 

It/sec ,oJZ?67 

ft/sec ±3:!767 

It/sec ±3Z767 

fl/ sec * 3271>7 

lt/uc ±32767 

ft/ sec <c ]2767 

nmi 551 8 . 4  

dejt 0 to 360 

min 

nmi 0 to 5 5 ! 8 .  4 

ft/AP.<' ±.32767 

lt/•ec ±32767 

nmi 0 to 5518. 4 

deg 0 to 360 

!t/lec 0 to 3l767 

0 lo 160 

ft/sec 0 to 3l767 

nmt ±5518. 4 

o. t 

0. I 

0. I 

0. I 

0 1 

0. 01 

0 I 

0 I 

0. I 

0. O J  

o. 0 1  

0 .  1 

Description 

X -component of LM posifioo 

Y -component of LM position 

7.- compOnent of t.M position 

X - compo_l'\f!Ot of LM velocity 

Y ·component of LM velocity 

Z - component o! LM velocit)• 
• 

LM velocity mi.gnitude 

X - c ornponent of CSM positron 

Y -componcrtt ot CSM position 

7.- ("J)nlponent of CSh1 position 

X -c:omponent or CSM velocity 

Y -c·omponent rd CSM velo<'ity 

7.. c.Momponent of C:SM velocity 

AGS co·mputer tin-." 

Pe:r ige.(! a1tltude of LM traj�<:tt>ry 

Perige� a1tihH1� nf predict�d LM tra.jeC"tory � f Oi r.ect Intercept Only) 

Ap(){ocu.s Altitude of l.M 1 rajtctory 
V e.locity-to.-be"'ga i.netl in X -direction 

Velc:leity-to-be .. ga ined in Y -direction 

VetCJcity-to-b�"'gained in :1.-direc.:hon 

OV expended in X-body directtOn rninu• 
descent <:apabHity (updated every 2. seconds) 

AV expended tn Y -body direction (updated 
eve:q' Z seconds) 

<l>V expended in 7..-body direotion (updated 
ev�ry 2- ieconds) 

Pr� dieted, altitude ra;te of LM '" CSI, CDH • or TPJ time. 

�v lor CDH maneuver (valid when in CSC 
guidance mode) 

DiU el"ential attitude in coelllptlc· oribt (CSI/ 
CDH only) 

In plane angle be-tween Z-body a..xls 
and local horizonta.l 

Time rrom CSI to CDH 

Rang• from LM •o CSM 

Range rate between LM ."ind CSM {n�)l::ttive 
sign indicates l.M dosing on CSM) 

LM .a.ltltudl! rate 

LM altitude 

LM to CSM pha&r an�le (in 01 .al J•Tt"�i·:...l-: 
CSI or C:DI--t mc)dt!-S a.l t1g�· 

Magnitude of I M velocity·to·be•galned 
(Not v·alid in COH model 

Pr�dlcted line-nf-.sight angle at TPJ time 
( TPI only) 

1 OL-al velocity to rende-zvous ( TPl Mode 
Only) 
Diff�-rential orbital ahltude alon� LM 
radial at CSJ time . • 

• 

• 
• 
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Table 6-5 .  DEDA Outputs - Earth Mission (Continued) 

Equation 
Symbol Address 

v 
py 

y 

T perg 

I J 

3] 

4J 

6J 

T r 

11<6 

I K i l  

I 1<9 

I K 1 9  

IK21 

IK23 

11<18 

11<20 

11<22 

263 

270 

2 1 1  

373 

3 1 0  

3 13 

275 
3 1 2 

306 
307 
3 f t  

574 
604 

612 

614 

423 

544 

545 

546 

6 1 6  

540 

54 1  

542 

534 

53§ 

536 

Unita Rang e  

lt/aec z 3 2767 

!t/1ec *32767 

ft 

min 

min 

min 

min 

min 

min 

min 

min 

%33, 554,000 

0 to 4369 

0 to 1 3 6  

0 to 1 3 6  

0 to 4369 

0 to 136 

0 to t 3 6  

0 to 1 3 6  

0 to 1 3 6  

4 0  meec Bl7 
count a 

2-aec in- Oto !3l,07Z 
crements 

!t/�ec �32767 
deg/hr z l O . O  

deg/hr z l O . O  

deg/hr :1: 10. 0 
Z eec 0 to 1 3 1, 07 Z 

ft/sec2 
•O. 06 

lt/aec2 •o. 06 

!t/sec 2 •O. 06 

ft/eec/ B - 6  
pulae 

ft/ sec/ B-6 
pulse 
ft/sec/ B - 6  
pulse 

Quantization 

O. I 

0 . 0 1 

0 . 0 1  

O .  I 
o. 1 

0. 1  

0 . 01 

o . o 1  

1 . 0  

o. 0 1  
o .  01 

o. 01 
1 . 0  

0. 0 1  

o. 01 

o. 01 

Description 

Predicted LM out-of-plane velocity al t. 
in CSl, CDH, or TPI; p�esent LM 'il 
out-of-plane velocity in 01. Has no 
meaning in XDV. 

Presetlt LM out-o!-plane velocity 

Present LM out-of-plane distance 

• 

• 

AGS absolute time of n•xt maneuver • 
Time to go until CSI maneuver when in CSI 
mode, CDH maneuver when in the CDH mode. 
and TP! maneuver when in direct transfer 

Time to go un til peTifocus of LM orbit 

Normal time of TPI maneuver • 
TPI Rendezvous ofCeet time • 
Time of node prior to nominal rendezvous time • 
Time from TPI to rendezvous in TPI mode 

Time to go until rendezvous in TP! mode 

Descent section staging flag 

Lunar surface flag 

Staging sequence counter 

Ullag� counter (decimal) 

Desired final value of altitude rate 

X-gyro drift compensation 

Y-gyro drift compensation 

z- gyro drift compensation 

Ullage counter value !or ullage completion 

X -accelerometer bias compensation (decimal) 

Y -accelerometer bias �ompensation (decimal) 

Z - a c celerorneter bias compensation (decimal) 

x - accelerometer scale factor 

Y -accelerometer scale factor 

Z-accelerometet scale factor 

• 
• 
• 
: 
• 
• 
• 

•
Thue are internal computer flags. Only the 1ign o! the quantity hae s i11nificance. 
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PART II - AGS UTILIZATION AND FUNCTIONAL 
CAPABILITIES 

7 .  0 POWER TURN ON 

The AGS is  in an unpowered mode when the ASA, AEA, and AGS 

circuit breakers are open. Closing the ASA circuit breaker causes the 

ASA to be in a temperature controlled condition. Closing the AEA and 

AGS circuit breakers cause power to be applied to the AEA. With the 

circuit breakers closed the AGS status switch controls the condition of the 

ASA and AEA a s  follows: 

AGS 
ASA AEA Status 

Switch Condition Condition 

OFF Warm up, temperature STANDBY 
controlled condi tion 

STANDBY OPERATE STANDBY 
(temperature controlled 
condition and gyro 
motors operating} 

OPERATE OPERATE OPERATE 
(temperature controlled 
condition and gyro 
motors operating) 

To use the AGS the AGS status switch must be in the operate position. 

The ASA should have been in a temperature controlled condition (OFF, 

STANDBY, OPERATE) for 40 minutes and in a condition with the gyro 

motors operating (STANDBY, OPERATE) for 25 minutes. This situation 

can be achieved by closing the circuit breakers and setting the AGS status 

switch to OPERATE. After 40 minutes the system would be ready for use. 

This procedure is not recommended, however ,  since it is better to have 

the ASA in its temperature controlled state only, prior to operating the gyro 

motor s.  Thus the recommended procedure is to close the ASA circuit 
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breaker and keep the AGS Status Switch in OFF for 15 minute s .  Then 

place the AGS Status Switch in the STANDBY position, close the AEA cir

cuit breaker and allow 25 additional minute s prior to system utilization 

(OPERATE). Degraded system performance is  available 1 0  minutes 

after closing the circuit breaker s ,  if at least the last 5 minutes of this 

period were spent in the STANDBY or Operate Mode. 

When the AGS STATUS SWITCH i s  in the OFF position the AEA has 

no functional capability, except it can accept the CDU zero signal and 

accumulate the PGNCS Euler Angle Increments if the AEA circuit breaker 

i s  closed. Full AEA capability i s  afforded when the system i s  switched 

to OPERATE and all circuit breakers are closed. 

When the AGS cir cuit breaker i s  closed and the AGS status switch i s  

turned to the OPERATE position, the AEA enter s  a core priming routine 

that insures that the c omputer memory is  magnetized properly. More

over, various " computer operation" discretes are initialized so that cor

rect sequencing of the " computation subcycle s 11 re sults. The state of the 

computer when the system is  turned to OPERATE is  the same as the pre

vious turn off state except that the following quantities are reinitialized: 

1) Engine ON 

2) s00 is set to 0 

3) S 1 0 i s  set to 0 

4} S 1 1 i s  set to 0 

5 ) s 1 2 i s  set to 0 

6) s1 3 i s  set to 0 

7 ) S 14 i s  set to 0 

signal is  set to OFF. 

this places the AGS in the 
attitude hold submode. 

this places the AGS in the 
" orbit insertion" guidance 
routine. 

cant angle corre ction to guidance • 
steering attitude errors are not ... 
computed. 

this resets the self test error 
indicator and re -initilize s 
computer self -test. 

performs no function. 

this setting means that no 
navigation initialization is to 
be performed this computer 
cycle. 



8) s1 5 i s  set to 0 

9 )  8 1 6  i s  set to 0 

1 0) 8 1 7  i s  set to 0 

1 1 )  5 5 is set to 0 

1 2 )  f.11 0 is set to 0 

1 3) V 
dX ' V DX are set to 

constant 4K27 
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performs no function. � 
this i s  not the normal state; � i t  must be set to one or three 
during CSI targeting. 

this i s  the normal value of the � 
" radar filter initialization" 
command. Setting this quantity 
to one initializes the radar filter 
covariance matrix. 

this is an internal computer 
routine flag that requires an 
initial value of zero 

this is a computer subcyc1e 
counter that controls logic flow 
in the AEA 

this entry places a bias on the 
thrust velocity gained in the 
X - body direction. Thus, if it 
is desired to determine the 
accumulated thrust velocity in 
the X - body direction the con
stant 4K27 must be subtracted 
from the DEDA readout of V nx· When on the lunar surface V dX 
i s  set equal to zero so that after 
this time no bias need be sub
tracted. Note that these quan
titie s contain the effect of 
uncompensated accelerometer 
bias. 

After the system is turned on and prior to guidance operations a check 

should be made of the computer readine s s .  This i s  accomplished by 

DEDA readout of the following quantities. 



DEDA 
Add r e s s  

574 

604 

6 1 2  

4 1 2  

Description of Variable 
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Internal AEA staging recognition signal ( o 2) 

Internal AEA lunar surface recognition flag ( o21 ) 
Internal AEA staging sequence counte r  (f.16) 

Self test  indicator 

Procedures for performing the readiness checks are contained in 

Section 14. 1 .  

7. 1 Power Interrupt 

Certain power transients can cause the AEA to shutdown (the AEA 

will function as if the AGS 1 Status Switch has been turned off) . Upon 

return of normal pow e r ,  the AGS will return to the operate state. When 

the AEA returns to the operate state, various quantities are reinitialized 

as described in the preceding paragraphs. 

7. 2 Power Turn-Off 

The recommended procedure for turning off the AGS i s  to open the 

AEA circuit breaker, turn the AGS Status Switch to OFF, and open the AGS 

circuit breaker. The ASA circuit breaker should be left closed (ASA in 

temperature controlled condition) until the AGS will no longer be used on 

a mis sion. 
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The inflight self-te st routine checks on a continuous basis that 

the computer logic and memory are functioning properly. DEDA ad

dre s s  4 1 2  is used in conjunction with the test to indicate te st re sults 

to the astronaut and to allow resetting of error indicators. If a readout 

of address 4 1 2  on the DEDA is performed the following outputs are 

pos sible. 

+ 00000 test not completed 

+ 1 0000 test successfully completed 

+ 30000 logic test failure 

+ 40000 memory test failure 

+ 70000 logic and memory test failure 

An input of +00000 is used to allow the astronaut to reinitiate testing and 

reset the AGS Caution and Warning Lamp after any error is detected. 

Whenever an error is encountered during a pass through the test, the 

value in memory location 4 1 2  and the AGS Caution and Warning Lamp 

are set accordingly and future tests are inhibited until astronaut reiniti

ation. Reinitiation is accomplished by entering +00000 in address 4 1 2 .  

There is no need for the astronaut t o  monitor DEDA add ress 4 1 2  periodi

cally since a visual indication of an error is available on the AGS Caution 

and Warning Lamp. However, as part of the AGS turn on procedure the 

DEDA check should be made as a partial check on the operation of the 

AGS Caution and Warning Lamp and the c omputer. 
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9.  0 AGS COMPUTER TIME, TIME TO EVENTS AND TIMING ERRORS 

9. 1 AGS C omputer Time 

Ground elapsed time is defined as the time difference between 

current Greenwich Mean Time and Greenwich Mean Time of Apollo 

liftoff from the Earth. Because of the AGS computer word size, 

Ground Elapsed Time cannot be used for AGS time. Instead, a time 

bias (K-factor} is subtracted from Ground Elapsed Time and the re sulting ' 
time used as  AGS time. The bias used equals the Ground Elapsed Time 

when the AGS computer time is initialized at AGS time zero. 

9. 2 Time to Events 

In general it is as sumed that the astronaut will utilize the ' ' events 

timer" on the instrument panel to know when to perform the next maneu

ver. However, in all AGS guidance routines except " o rbit insertion" and 

" external � V" the capability exists of either setting the events timer with 

a DEDA output quantity �r comparing the time to go as depicted on the 

event s timer with that in the guidance c omputer. This section contains 

a discussion of these DEDA output quantities. 

9. 2. 1 CSI 

One of the targeting parameter s  for the CSI maneuver is the AGS 

time of the C SI maneuver (tigA( . This entry is made via DEDA addre ss t 
373. Time to go until the CSI maneuver can be obtained by reading out � 
addre ss 3 1 0  on the DEDA. This is called T .:l in the guidance equations. 

After the CSI solution is obtained, the time from the CSI maneuver � 
to the CDH maneuver can be read out. This is accomplished by reading 

out address 372 on the DEDA which corresponds to the symbol TAO of the 

guidance equations. 

Several other time s of interest are also available. These are 

pre sented in Table 9. 1 below. 

>:C
Only the time to next maneuver (tig

) is available for DEDA input and � read out. However, the nomenclat..rre of tigA, tigB and ti_g C (time to CSI, 
time to CDH and time to TPI, respectively) has oeen retamed for clarity. 



Addr e s s  

3 7 3  

3 1 0  

3 7 2  

275 

3 13 

377 

9. 2.  2 CDH 
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Table 9. 1 .  Time Quantitie s  Available in CSI Mode 

Quantization Units Equation 
Description Symbol 

0 .  1 min t
. A 

Targeted AGS time of 
lg CSI maneuver 

o. 0 1  min T� Time to go until CSI 
maneuver 

0 .  1 min TAO Time from CSI to CDH 
maneuver 

o. 1 min J l Nominal AGS time of 
TPI maneuver (target-
ing quantity) 

0. 01  min T Time to perifocus of perg 
present LM orbit 

o. 1 min t AGS computer time 

In a nominal mission the CDH maneuver is as sumed to occur after the 

CSI maneuver. If this i s  the situation in flight, targeting is  accomplished 

automatically for the CDH maneuver by the CSI c omputations. Moreover, 

the "events timer " can be set by utilizing the quantity T 
A 

( after the CDH 

routine is entered) which is the time to go until the CDH maneuver,  if T A 
i s  no greater than 1 36 minute s. 

If the CDH maneuver does not follow the CSI maneuver, then the 

AGS absolute time of the CDH maneuver t
igB 

must be input a s  a targeting � 
constant. This i s  done with DEDA addr e s s  3 7 3 .  In Table 9. 2 the time s ,. 
of interest during the CDH phase are presented. 



Addr e s s  

3 1 0  

373 

3 1 3  

377 
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Table 9. 2. Time Quantities Available in CDH Mode 

Quantization Units 

0 . 0 1  min 

0. 1 min 

o. 0 1 min 

0. 1 min 
. . . . . .  

Equation 
Symbol 

TA 

t. B lg 

T 

t 

perg 

- . .. . . 

Description 

Time to go until CDH 
maneuver 

AGS predicted absolute 
time of CDH 

Time to perifocus of 
present LM orbit 

�GS computer time 
. . . . � . . 

9. 2. 3 TPI 

There are two mode s that can be used for the TPI maneuver and are 

discussed in Section 25. 0. Tables 9. 3 and 9. 4 define the time quantitie s  

of interest  in each mode. 

Table 9. 3. Times of Inte r e s t  with Guidance Selector 
in the TPI Search Routine ( S10 = 3 ) 

Addre s s  Quantization Unit Equation D e scription Symbol 

3 10  o. 01 min TA Input quantity. TPI 
search as sumes TPI t o  
occur in T A minutes. 

373 o. 1 min 
t. c AGS compute r  time of lg TPI maneuve r ;  output 

quantity. 

307 o. 01 min J6 Input quantity. Time 
from TPI to intercept 
(assuming no burns 
after TPI). 
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Table 9. 3. Times of Inte re st with Guidance Selector in 
the TPI Search Routine (S

1 0  
= 3 \  (Continued\ 

Address Quanti zation Unit Equation 
De scription Symbol 

3 1 1  

3 1 3  

377 

306 

3 1 2  

Address 

37 3  

3 1 0  

3 0 7  

3 1 1  

3 1 3  

0. 01  min Tr Time to go until inter -
cept; output quantity 

0. 0 1  min T Time to perifocus of 
perg present LM orbit 

o. 1 min t AGS computer time 

0. 0 1  min J
4 

Time increment prior 
to rendezvous at which 
node i s  created 

0. 0 1  min J3 Stable orbit offset 

Table 9. 4. Times of Interest with Guidance Selector 
in the TPI Execute Routine (S 1 0  = 

4) 

Quantization Unit 
Equation Description 
Symbol 

o. 1 min t . c Either input quantity or 
lg quantity obtained from 

TPI search mode 
(S i o ;;; 3) . This is  AGS 
c omputer time of the TPI 
maneuver. 

o. 01 min T.6 
Time t o  go until TPI 
maneuver; output 
quantity. 

o. 0 1  min J
6 

Input quantity. Time 
from TPI to intercept 
(as suming no burns 
after TPI). 

o. 0 1  min Tr 
Time to go until inter -
cept; output quantity. 

0. 0 1  min T Time to perifocus of 
perg present LM orbit 
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Table 9 .  4, Time of lntere st with Guidance Selector in 
the TPI Execute Routine (S10 = 4)(Continue d) 

Addre s s  Quantization Unit Equation De scription 
Symbol 

377 0. i min t AGS computer time 

306 0. 01 min J 
4 

Time increment prior 
to rendezvous at which 
node i s  created 

3 1 2  0 .  O f  min J 3 Stable orbit offset 

9 .  3 Timing E rrors 

Two types of timing errors are considered; DEDA time entry 

errors and maneuver initiation time errors.  The DEDA time entry 

errors consist of absolute time and epoch errors introduced at entry 

into the AEA via the DE DA. 

9. 3. 1 DEDA Time Entry Errors 

AGS absolute time is initialized at 0 or a multiple of 6 sec ( 0.  1 min) 

by entering the value into address 377  via DEDA . The DEDA Enter 

button is depressed at the initial AGS absolute time. Since the DEDA 

routine i s  exercised only every 0 .  4 8  or 0 .  5 6  sec,  there is a maximum 

poss ible error in absolute time of 0 .  5 6  sec.  A bias of 0.  25  sec. ( approxi

mately half the interval between DEDA branches) is subtracted from com 

puted time to reduce the maximum error to ±0 . 3 1  sec 

Mission Control can determine this error in AGS absolute time by 

monitoring t1 and t2 on the AGS telemetry. Since this time error results 

in LM and CSM state errors in the AGS during state initialization, it may 

be used to improve initialization accuracy. For example, the PGNCS 

time downlink word used for Downlink Initialization (Section 1 5 .  1 )  can be 

modified by altering the PGNCS to AGS absolute time bias. For DEDA 

Initialization of LM and CSM states, the states themselves may be biased 

to correct for the AGS absolute time error.  

Epoch time s downlinked from the PGNCS are quanti zed at le ss than 

a millisecond. 
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In this section conside ration is  given to the effect of performing 

maneuvers either earlier or later than the targeted times, The various 

maneuvers are considered in turn. 

Orbit Insertion, Orbit insertion times are not targeted in the AEA. How

ever, the effect of initiating the orbit insertion maneuver at different times 

( e ither early or late) is to change the phasing of the LM with re spect to 

the CSM. 

CSI, CDH, TPI. The philosophy used for the CSI, CDH and TPI guidance 

routine s is  to compute the predicted maneuvers prior to the nominal 

maneuver time and then perform thrusting in the external �V mode based 

upon the computed nominal maneuver time. Because these maneuvers are 

performed in the external �V mode, refer to the next paragraph for a 

discussion of timing errors.  

External � V. The effect of initiating the external � V maneuver either 

early or late is simply one of not achieving the desired orbit at cutoff. 

Large timing errors would result in large differences between the actual 

orbit obtained and the orbit desired. 

9.  4 DEDA Time Display Quantization 

This AGS computer time (DEDA Addr ess 3 7 7) is updated every 0 .  1 

min ( 6 sec) for display. Internal to the computer ,  the AGS time is up

dated every 2 seconds. Because of computer round-off, the displayed 

AGS computer time is updated by 0 .  1 min at the 4 sec (0.  1 min) , 10 sec 

(0 . 2 min) , 1 6  sec (0.  3 min) , etc. time intervals. (Therefore , the AGS 

displayed time is updated 2 seconds prior to reac hing the corresponding 

AGS absolute time) . 
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This section contains a discussion of the various steering modes 

mechanized in the AGS. All " active11 stee ring modes output attitude errors 

about the LM body axes to the autopilot (CES). The magnitudes of the 

angular e r r or s  are limited to ±15 deg. It is currently understood that the 

autopilot attitude turning rates are limited to ± 1 0  deg/ sec about the Y-

body axis and ±5 deg / s e c  about the X and Z -body axes except after staging 

with the DEAD BAND switch in "MAX" at which time no rate limiting 

exists.  AGS steering in no way protects the PGNCS platform against 

gimbal lock. The following discussions as sume Guidance Control in AGS, 

the LM in orbit (lunar surface flag not set) and the Attitude Control 

Switches in the "MODE" position. 

1 0 .  1 Attitude Hold 

The obj ect of the 11 attitude hold" mode is to generate steering com

mands such tha t the vehicle maintains the inertial attitude existing when 

the attitude hold mode is first entered. Attitude hold can b e  entered by 

either setting the Mode Control switch on the lower center instrument 

panel to the A / H  pos ition or by utilizing addr e s s  400 on the DEDA and 

entering the value +00000 . Once the attitude hold mode is established it 

can be released by either causing the followup signal to be issued (Guid- � 
ance Control Switch to PGNS) or with the Mode Control Switch in A/H, � 
moving the " stick" out of detent. The preferred method for reorientation 

of the LM is  to put the Mode Control Switch to A/H and orient the vehicle 

to the desired attitude utilizing the attitude controller .  Reentering the 

"attitude hold" mode (re turning " stick" to detent) will cause the vehicle to 

maintain the attitude that exists when the mode i s  reentered. 

If the AGS is in the " guidance stee ring" mode, i. e. , DEDA Addre s s  

400 i s  + 1 0000 and the Mode Control Switch is  set t o  A / H ,  the AGS will issue 

E/ON or E / OFF commands that agree with the existing status of the main 

engine. If the AGS i s  issuing E / ON commands and the Mode Control 

Switch is in AUTO then entering "attitude hold" by setting DEDA Addre s s  

400 to +00000 will cause E /OFF commands to b e  sent. 
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The addre s s  for ordering Guidance Steering i s  400; the entry i s  

+10000, The object of the Guidance Steering selection of attitude control 

i s  to orient the LM s o  that the LM thrust vector points in the desired 

direction for achieving the objective of the selected guidance r outine . 

The LM X -body axis orientation also depends upon which engine is  used. 

The RCS engines are assumed to thrust along the body axes .  If the DPS 

engine is used, the thrust vector is a s sumed to be along the positive 

X -body axi s .  If the APS engine is used, the thrust vector i s  as sumed to 

be displaced from the LM positive X-body axis by an amount equal to the 

nominal cant of the APS engine. 

Because of thrust alignment errors ,  the actual thrust vector will 

not lie exactly along the nominal direction. Small velocity errors at 
engine cutoff may result. The cutoff errors are sensed by the AGS, how-

ever. If desired, sensed velocity errors at cutoff can be removed through 

axis -by-axis thrusting (� V residual removal, see Section 28. 0). 

When the a s c ent engine is used, the equations that compensate for 

the canted engine should also be used. This is accomplished via the 

DEDA. The address 4 1 1  should be entered with a value of +10000. This 

should be done prior to active AGS guidance steering in order to achive 

de sired orientation of the thrust axis before thrusting starts. When the 

APS is  ignited, the canted thrust direction i s  selected by the AEA, 

regardle s s  of the value of the addre s s  4 1 1  entry (see Section 2 0 .  1 ) .  

The AEA correction for the canted engine is adjusted by two octal 

constants, one for pitch and one for roll. The constants are preprogram

med into the computer but are DEDA accessible so that they can be 

changed during the miss ion. The pitch constant is entered with the ad

dress 5 6 6 .  The value of the constant is entered in octal in units of radians 

and should be positive if the canted engine causes a thrust acceleration 

component along the + Z - body axis .  Similarly the roll component is 

entered in octal in units of radians via DEDA address 602 .  The sign of 

the value entered should be positive if the cant of the engine causes a 

thrust acceleration component along the +Y axis direction. 
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A s  mentioned, the AGS aligns the LM thrust vector along the desired 

thrust vector. The LM Z-body axis can be controlled in any of the fol

lowing ways. 

a)  DEDA Address 623  +00000 

The LM Z-body axis is driven parallel to the CSM 
orbit plane. If the pos itive X-body axis points ahead 
of the local vertical (posigrade) the Z axis lies be
low the local horizontal. If the pos itive X -body axis 
is  behind the local vertical ·the Z axis lies above the local 
horizontal. If the X -body axis is vertically upward, 
the Z-body axis will be pointed horizontally forward 
whereas if the X -body axis is pointed vertically down
ward the Z-body axis will be directed horizontally 
opposite to the direction of motion. 

b) DEDA Address 623 +1 0000 

The LM Z - body axis is driven parallel to a plane 
determined by its normal unit vector � (DEDA 
entries 514, 5 1 5 ,  5 1 6 ) .  This mode is  normally 
employed to maintain S-band communication 
during lunar orbit insertion. The unit vector Wb 
is entered in octal and is  nominally defined prior 
to the mis sion. 

c )  X Axis Override 

The Z -body axis can be oriented to any desired posi
tion about the thrust axis by setting the Yaw Attitude 
Control Switch to either " PULSE" or " DIREC T" 
position and by means of the hand controller orient
ing the axis to the desired attitude. 

In either situation (a )  or (b) above the desired +Z-body axis orienta

tion is a continuous function of the X-body axis orientation. The gain in 

the Ex channel decreases toward zero as the +X-body axis appr oaches a 

perpendicular orientation with respect to the specified plane. Thus, if 

DEDA Address 623  is +00000 and the X-body axis is perpendicular to the 

CSM orbit plane, then the gain in the yaw steering channel is zero for any 

orientation of the Z axis.  By spe cifying a unit vector �b not normal to 

the CSM orbit plane and by setting DEDA Addre s s  62 3 to +10000,yaw 

steering control can be maintained. 
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This mode is entered via the DEDA by using the addre s s  400 and 

entering the value +20000, No DPS or APS thrust can be accomplished in 

this mode with AGS in control. An option exists for specifying the desired 

direction of the Z -body axis :  

a) DEDA Addre s s  507 +00000, Orient Z -body axi s toward 
e stimated direction of CSM 

b) DEDA Addr e s s  5 0 7  +10000, Orient Z-body Axis in the 
de sired thrust direction. 

Option (a) is normally used during r endezvous radar acquistion whereas 

option (b) is used to perform small thrusting maneuvers along the Z -body 

axis . In either option with the Z axis pointed in the desir·ed direction, 

the X -body axis is oriented parallel to the CSM orbit plane. Ii the 

+ Z - body axis is pointed ahead of the LM, the +X-body axis will be above 

the local LM horizontal plane. If the Z axis is behind the LM, the +X

body axis will b e  below the local horiz ontal plane. The gain in the roll 

channel ( Z axis )  decreases toward zero as the +Z axis approaches a per

pendicular orientation with respect to the CSM orbit plane. When per 

pendicular, the gain in the roll steering channel is zero for any orienta

tion of the +X axis .  

In this mode, manual control of the X -body axis can b e  achieved by 

s etting the roll attitude control switch to either the "Pulse11 or "Direct" 

position and manually controlling the roll channel with the hand controller. 

1 0. 4 Pre -Thrust Stee ring 

Pre -thrust steering i s  defined a s  that guidance steering (address 

400 = + 10000) done prior to ullage for the purpo se of or ienting the LM for 

the burn. AGS guidance steering is obtained by setting Guidance Control 

to AGS, Mode Control to AUTO, the three Attitude Controls to MODE 

CONT, and entering address  400 + 10000. The AGS will then orient the 

LM to the particular guidance mode selected (address 4 10) . Note that it 

i s  not necessary to depre s s  the Abort or Abort Stage buttons to obtain 

guidance steering. All pre -thrust steering is done in the External A V 

guidance mode (DEDA entry 410 + 50000).  
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The AGS has the capability of maintaining the LM vehicle at any 

attitude in a local coordinate frame during free flight. In particular, 

the vehicle can be pitched at the orbital rate in order to maintain the 

X -body axis along the local horizontal. To accomplish this, u s e  i s  

made of the " external �V" guidance routine along with the "Guidance 

Steering'' mode of operation (See Section 27.  0 for procedur e s } .  

10 .  6 Open Steering Channels 

When the AGS is in control of the vehicle, the attitude control 

switches (PITCH, YAW, ROLL} are usually in the "MOD CONT" position. 

Manual override on any particular channel can be accomplished by changing 

the switch position for that channel to either " PULSE" or "DIR . "  In some 

instances manually orienting one LM axis more than 90° fro:m the desired 

(AGS computed) direction can cause the LM to rotate through large angles 

about the two AGS controlled axes ,  For this reason the following general 

rule should be observed. 

IN ATTHUO£ HOlD AND GU\DANCE STEER\NG,X AXIS OVERRIDE 

CAN BE ACCOMPLISHEDTHRUANY DESIRED ANGL E .  IN Z-BODY 

AXIS STEERING Z AXIS OVERRIDE CAN BE ACCOMPL ISHED THRU 

ANY DESIRED ANGLE. IF MANUAL OVERRIDE OF ANY OTHER 

STEERING CHANNEL IS DESIRED, THE ATTITUDE EXCURSION 

ABOUT THAT AXIS SHOU L D  BE L IMITED TO LESS THAN 90° FROM 

THE DESIRED ORIENTATION AS COMPUTED BY THE AGS 
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In order to make an inflight conversion of a lunar scaled program 

to an earth scaled prog.ram, various constants must be input via DEDA. 

In addition to all targeting J constants the following DEDA entries should 

be made. All constants are based on Flight Program No. 6 and are not � 
mission constants.  

Parameter DEDA Address DEDA Entry 

�· B23SF 677 '(<>:<+20305 

::• B 1 3VSF 7 0 1  >(<*+20000 

::<B23RSF 703 **+32756 

1 K3 5  634 **+00020 

4K2 654 (Note 6) 

4K3 655 (Note 6) 

4K25 657 *�·+00002 

4K26 454 +00 100 

4K27 473 -07332 

4K34 660 >:<*+00100 

4K35 661 >1<:!<+00007 

2K1 636 >l<*+62026 

2K2 637 >1<:!<+507 3 2 

2K4 674 * * - 1 5 7 5 2  

3K4 6 1 3  >1<*+1 27 44 

4K4 5 65 (Note 6 )  

4K5 662 (Note 6) 

4K6 527 (Note 6 )  

4K10 227 (Note 6) 

4K1 2  506 (Note 6)  

Definition 

DEDA scale factor 

DEDA scale factor 

DEDA scale factor 

Ace. bias threshold 

TB factor 

TB factor 

Eng. cutoff comp. 

� V 
G 

threshold 

Descent stage bias 

aT lower limit 

Ullage threshold 

Gravity constant 

1 / 2K1 

- 2(2K 1 )  

Sine of TPI central 
angle limit 

r £ constant (0. I. ) 

r f constant (0. I. ) 

rf upper limit (0. I. ) 

Constant in aL (0. I. ) 

Accel. check for 'rd 
lower limit (0. I.) 

¢ 
¢ 
¢ 
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Parameter DEDA Address DEDA Entry Definition 

5 K 1 6  5 6 1  (Note 6) Upper limit of
·.; d ( 0. I. ) 

5K17 601 (Note 6) Lower limit of . y � ( 0 . 1 . )  

5 K 1 8  564 (Note 6) Lower limit of ' rd (0. I. 

5K26 466 +000 1 5  V G threshold 

K55 607 M+ZOOOO Altitude rate s c aling 

2 K 1 1  5 2 6  **+ 13560 V 
T limit 

1 K 1 8  534 (Note 3 )  

1 K20 535 (Note 3) Accelerometer scale 
factors including 

1K22 536 (Note 3) compensation 

1 K 1 9  540 (Note 5) 

1 K 2 1  541 (Note 5) 
Accelerom.ete r  bias 
compensation constants 

1K23 542 (Note 5) 

BACCSF 446 + 1 0000 DEDA scale facto
'
r 

1 K 1 4  537 (Note 4) X gyro SAMU 
compensation constant 

6KZ 457 (Note 6) 

6K4 456 (Note 6) 

6K5 656 (Note 6) 

6K6 522 (Note 6) Radar filter constants 

6K8 304 (Note 6) 

6K9 6 1 1  (Note 6 )  

6 K 1 0  5 1 7  (Note 6 )  

• 
Note 1 :  The three DEDA scale factors must be entered first and in 

the above order as they are qs ed for input processing of other DEDA entries. 
••Note 2: These entries are octal values. 

Note 3: These values must be read out via DEDA and res caled prior 
to DEDA entry as earth orbit constants. The steps are: 

A. Read out the constant 
B .  Convert the octal readout to binary 
C .  Round the constant by adding 1 to the 2nd least significant 

bit 
D. Drop the two least significant bits and add two bits 

at the most significant end of the word. The two 
bits added are zeros if the readout was plus and 
ones i! the readout was minus. Regroup as five 
digits. 

E. Enter into the original address with the original 
sign: 

¢ 

¢ 



Example Correct 1K18 

A .  Read out 534 +63 1 47 

B .  1 1 0  0 1 1  001  1 00 1 1 1  

c .  1 1 0  0 1 1  0 0 1  1 0 1  0 0 1  

D. 00 1 1 00 1 1 0  0 1 1  0 1 0  

E. Enter 534 +14632 
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Note 4: This value must be readout and res caled prior to entry 
as follows: 

A. Read out 1K14 

B .  Convert the octal readout to binary 

C .  Drop the two most significant bits and add two 
zeros at the least significant end of the word. 
Regroup as five octal digits. 

D .  Enter the new value into the original location 
with the original sign. 

Example: 

A. Read out 537 +00120 

B .  000 000 001 0 1 0  000 

c. 000 000 1 0 1  000 000 

D. Enter 537 +00500 

Note 5: Before changing BACCSF, read out and record the constant ¢ 
in units of ft/ sec2, quantized at 0 . 00 1  ft/sec2• After changing 
BACCSF (the accelerometer bias compensation DEDA scale factor), 
round the constant by adding 0. 005 to its magnitude, and re- enter 
the constant quantized at 0 . 0 1  ft/ sec2. 

Example Change 1K21 

Read out 541 -00036. This equals -0 . 036  ft/sec2• Adding 
0 .  005 to 0. 0�6 gives -0. 041 ft/sec2• After BACCSF' is changed, enter 
541 -00004. 

Note 6: These parameters do not apply for an earth mission. 

DUE TO PROGRAM SCALING, RENDEZVOUS RADAR 
NAVIGATION STATE VECTOR UPDATING CAPA
B ILITY DOES NOT EXIST WHEN THE AGS FP6 IS 
USED I N  EARTH ORBIT. 
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12.  GROUND CHECKOUT PROCEDURES PRIOR TO EARTH LAUNCH 

This section lists those functions which are performed to as sure 

that the AGS is  in a flight readine s s  configuration prior to Earth launch. 

The intent of this section is to provide _general information. Detail 

information can be found in Reference 4. 

1 )  Pre-Installation Calibration -Determination of all AGS 
hardware parameters (scale factors, biases, drifts, 
misalignments, etc. ) before 35 days to launch. A subset 
of the se parameters constituting significant mission error 
sources will be used to prepare the Mission Constants 
Tape . • 

2) Flight Simulation -End to end spacecraft systems check. 
Interface between AGS and all related subsystems as 
CES, ASCENT /DESCENT engines, FDA!, etc. , tested 
in a programmed flight simulation. 

3 )  Earth Prelaunch Calibration-Measurement of the Y and 
Z gyro constant drift parameters and also the lumped X 
gyro constant drift and MUSRA (Mass Unbalance about 
the §pin Beference �is) term. The data is used for 
evaluation and parameter update. In the normal flow, 
a final EPC will be performed prior to cabin closeout 
during countdown. 

4) Flight Program Load - Flight program i s  loaded into the 
AEA by ACE. The load operation will then be verified 
by means of a Memory Dump and Compare routine. 
The program contains nominal values of all octal and 
decimal constants including the nominal values of the 
compensation constants (scale factors, biases, etc. ) 
and mission dependent constants (targeting, etc. ) 

5 )  Updating Compensation Constants -Sub sequent to the 
Flight Program Load and prior to earth launch the 
following constants can be updated in the AEA by 
means of ACE C Start: 

1K1, 1K6, 1K11 - Gyro drift compensation coefficients 

1K3, 1K8, 1K13 - Gyro scale factor error compensation 
coefficients 

1K14 - Compensation constant for X gyro 
spin axis mass unbalance drift 



1K19, 1K21,  
1K23 

1K18, 1K20, 
1K22 

1 1 1 7 6 -6033- TOOO 
Page 1 2 - 2  

- Compensation constants for 
accelerometer bias 

- Accelerometer scale factors 

6 )  Memory Check - Subsequent to Step 5 a memory dump 
should be executed via ACE for final memory verification. 
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PART Ill - PROCEDURES FOR AGS FUNCTIONS 

1 3 . 0 SYSTEM TURN ON 

The following procedure s hould be followed to turn on the AGS. 

1) Verify the positions of the following switches: 

a) Guidance C ontrol Switch in PGNCS Position - follow-up 
signal is sent to the AEA and the AEA outputs are not 
utilized. 

b) AGS Status Switch in OFF position - applies inhibit 
standby signal to ASA and AEA. 

c) ASA Circuit Breaker is closed. This breaker remains 
closed to keep the sensors in the ASA up to temperature. 

2) After 1 5  minute s, set AGS status switch to STANDBY -
this remove s inhibit standby s.ignal to ASA. 

3 )  Close AEA Circuit Breaker - this applies power to 
AEA. 

4)  After 25 minute s in standby, close the AGS circuit breaker and 
set the AGS s tatus switch to " OPERAT E " .  AGS flight program 
i s  initialized in an attitude hold, orbit insertion mode. AGS 
i s  also in followup and outputs Engine OFF commands.  

WHEN THE AGS IS SWITCHED TO OPERATE FROM STANDBY OR � 
FROM OFF TO STANDBY, THE AGS CAUTION AND WARNING 
LAMP ON THE CAUTION WARNING PANEL WILL COME O N .  
S IMULTANEOUSLY, THE AUDIO WARNING ALARM I N  THE 
ASTRONAUT EARPHONES WILL SOU N D .  THE LAMP MUST BE 
RESET BY SWITC H I NG T HE "OfH20 QTY MON" TO "CW 
RESET . "  THE ALARM SIGNALED THROUGH THE EARPHONES 
MUST BE MANUALLY RESET TO STOP THE SOUND. THE 
ACT1VAT ION OF THE TEST MODE FA1LURE AND ALARM 
S IG NALS IS NORMAL WITH THE ABOVE SWITC H ING$ AND 
DOES NOT IMPLY EQUIPMENT FAILURE . 



5 ) The system is now in operating condition. 

6 )  Checks of Computer Readiness 
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A check of computer readiness should be made according 
to the procedures of Section 14. 1. 

7) AGS Computer Time Initialization 

AGS computer time should be initialized using the procedure 
of Section 14. 2 

8 )  Perform CSM, LM Navigation Initialization 

The LM and CSM state vectors should be initialized with 
the appropriate procedures of Section I 5 .  0. 

9) Align 

An AGS align should be performed according to the procedure 
of Section 16. 0 

1 0)  Calibration 

The AGS should be calibrated according to the procedures of 
Section 17. 0 .  

1 1 )  During step 10) enter targeting parameter s  for orbit inser 
tion per Section 22. 0 .  

1 3. 1 System Turn-Off 

The following procedure should be used to turn off the AGS. 

1 )  Open the AEA circuit breaker - AGS warning lamp will 
come on due to ASA low voltage (because of absence of 
AEA clock). 

2)  Set AGS Status Switch to OFF - AGS warning lamp will 
go out. 

3) Open the AGS circuit breake r .  

4) Leave the ASA Circuit Breaker closed. This breaker 
remains closed to keep the sensors in the ASA up to 
temperature. 
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14. 0 COMPUTER READINESS AND AGS TIME INITIALIZATION 

These procedures are the first to be performed during AGS turn on 

once the AGS is in an operate condition. The computer readines s  proc e 

dures may be performed when an AGS failure has been detected or an 

AGS failure is suspected. 

14. 1 C omputer Readiness 

In order to check the readines s  of the AGS, the following proc edures 

should be followed: 

1 )  Readout the self test selector (S 
1 2) on the DEDA 

(address 4 1 2) .  

2) If the output is + 1 0000, proceed to step 5. If not +10000, 
then an AEA error has occurred. The error indications 
are: * 

+00000 

+30000 
+40000 
+70 0 0 0  

Test not complete, if  this state 
exists for more than 1 5  sec, test 
is not being executed 
Logic test failure 
Memory test failure 
Logic and Memory test failure 

If the indication is +00000 some failure has occurred 
which is pr eventing execution of the self test. If the 
readout is  one of the other indications determine if 
normal AEA operation has r esumed by performing 
step 3 .  

3) Enter via DEDA 4 1 2  + 00000. 

4) At least 1 2  seconds after step 3 read out the self test via the t 
DEDA (addre s s  4 1 2 ) .  

FOR THE SYSTEM TO BE OPERATING CORRECTLY T H E  
SELF TEST OUTPUT SHOULD BE 412 +  10000.  

If the readout is not + 1 0 000,  then self test indicates an 
AEA error i s  still occurring. Further operations with 
the AGS are not recommended. 

>!'
Note: BTME tapes do an automatic tape load checksum immediately 

after loading memory which sets s1 2 = +5 0000 if a failure is  detected. 
This is not a valid inflight state. 
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5} Readout DEDA address 574, the state of the AEA staging 
recognition signal. 

Output of DEDA addre s s  574 Indication 

Any negative number Staging has occurred 

Any positive number Staging has not occurred 

If the readout indication is not consistent with the actual 
vehicle situation, insert via DEDA address 574, an 
appropriate value (suggested values are +00000, if the 
vehicle has not staged, -00000 if the vehicle has staged}. 

6} Readout DEDA address 604, the state of the lunar surface 
flag ( &21  } . 

Output of DEDA address 604 Indication 

Any negative number Vehicle is on lunar surface 

Any positive number Vehicle is not on lunar surface 

7 )  If the readout indication is not consistent with the actual 
vehicle situation, insert via DEDA address 604 an 
appropriate value (suggested values are +00000 if LM 
is not on the lunar surface, -00000 if LM is  on the 
lunar surface). 

8 )  Readout via DEDA address 6 1 2 ,  the value of the staging 
sequence counter. 

9 )  If vehicle is  not staged, value should read +00000. Enter 
this value if necessary. 

If vehicle is staged, value should read +00006. If +00000 
is read out, enter +00007. 
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1 0) Readout DEDA address 507, the indication of desired 
Z -body axis pointing direction during Z - body axis 
steering. 

Output of DEDA address 507 Indication 

+00000 In Z -body axis steering mode 
the Z -body axis will orient in 
the estimated direction of the 
CSM. 

+1 0000 In Z -body axis steering mode 
the Z- body axis will orient in 
the desired thrust direction. 

1 1 )  If the readout indication i s  not as desired insert via 
DEDA addre s s  507 the desired value. 

1 2 )  Readout DEDA address 623,  the indication of desired 
Z -body axis direction during guidance steering. 

Output of DEDA addr ess 623 Indication 

+00000 In guidance steering mode the 
Z -body axis will orient paral-
lel to the CSM orbit plane. 

+10000 In guidance steering mode the 
Z - body axis will ori ent paral-
lel to the plane defined by the 
unit vector wb. 

1 3 )  If the readout indication i s  not as desired insert via 
DEDA address 623 the desired value. 

When the.se readine s s  procedures are used following a suspected 

AGS failure and normal operation has resumed, a check should then be 

made that the AEA c omputed LM and CSM state vectors and the AGS 

attitude alignment are still valid. This can be accomplished by Mis sion 

Control using the AGS telemetry data. 



14 .  2 AGS Computer Time Initialization 
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1 4 .  2. l AGS Time Initialization when PGNCS is Operative 

If the PGNCS is operating: The following PGNCS and AGS operating 
>:( 

procedures must be performed in the order presented • 

PROCEDURES 

1 .  Select. AGS Initialization Routine 
(R47 ) :  Key V47E 
Foss FROG lt - on 
Key VOS N09E - call alarm 

R 1 00220 REFSMFLAG not set 
R2 XXXXX 
R3 XXXXX 
exit R47 

Key KEY REL &: RSET, exit R47 
Perform IMU Orientation 

Determination (PSi) 
Return to beginning of step 1 .  

2. FL V06 N16 
R1 OOXXX hr 
R2 OOOXX min 
R3 OXX. XX sec 

3 .  Initialization o f  AGS time : 

'" 

Selection of specific AGS time 
bias (K) 

Key DEDA C 377+XXXX. X 
{0. 1 min) 

Key DEDA ENTR 

REMARKS 

Before first AEA clock initializa
tion, V06 N16 contains meaning
less value. After AEA clock 
initialization, V06 N16 contains 
stored GET of AEA clock .zero 
(K).  (GET of AEA clock zero is 
MIT/IL expression for AGS time 
bias. ) AGS time bias is required 
be cause AGS time is limited to 
approximately 7 2  hours. GET -
AGS time bias (K) = AGS time. 

To simplify computation of AGS 
time, value for GET of AEA 
clock zero {K) can be determined 
that: 
1 .  Can be readily subtracted 

from GET to obtain AGS time 
2 .  Has occurred i n  recent past 
3 .  I s  easy to remember 

Positive value of XXXX. X {and 
GET of AEA ENTR must be de
termined so that GET of AEA 
ENTR less XXXX. X equals pre
determined AGS time bias (K). 

Entry to be made at GET of AEA 
ENTR. 

"'
These operating procedures were obtained from the Apollo Operations 

Handbook, Lunar Module 4, dated 3 February 1969.  



PROCEDURES 

4 .  Verify AGS time is incrementing 
from XXXXX value entered in 
step 3: 

Key DEDA C 377R 

5 .  Pre s s  DSKY Key Release 
Key V25E 

6. Check V06 N16 
If value is not satisfactory, 
Return to Step 5 
Record K, Key PRO 

7. FLVSO N16 
R1 OOXXX hr 
R2 OOOXX min 
R3 OXX. XX sec 

8. To continue interrupted PGNCS 
program; Key PRO, exit R47 
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REMARKS 

V25 i s  used to load in desired � 
value of AGS ti.me bias (K). 

If navigation initialization is to � 
be done next, Key DEDA C 414 
+ 1 OOOOE before Keying PRO, 
and proceed to Step 6 of Section 
1 5 .  1 

14 .  2. 2 AGS Time Initialization if PGNCS is Inoperative 

If the PGNCS is inoperative: 

1 )  Enter into the DEDA 3 7 7  + 00000. 

2)  Mission Control Center then determines the AGS time bias 
which is recorded for possible future use. Mission Control 
Center also determines LM and CSM state vectors for 
Navigation Initialization. 

AFTER THE AGS SYSTEM HAS BEEN SWITCHED TO 
"OPERATE" AGS COMPUTER TIME MUST BE I N ITIALIZED 
PRIOR TO ENTERING CSM OR LM EPHEMERIS DATA. 

This procedure is necessary for the following two reasons: 

a) A computer overflow may occur if the epoch time is in
consistent with AGS computer time. 

b) The computer obtains the current LM state vector by 
pr opagating the ephemeris data to the pres ent time. For 
this propagation to be valid the present time must be 
known. 
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1 5 . 0  NAVIGA TION INITIALIZATION PROCEDURES 

In this section procedures are pres ented to initializ.e AGS navigation 

for the LM and CSM from external s ource s .  

1 5 .  1 Procedures for LM, CSM Navigation Update via PGNCS Downlink 

The following PGNCS and AGS procedures must be followed in the 

order presented. 

PGNCS DOWNLINK UPDATES SHOULD NOT BE 
PERFORMED IF THE LM PGNCS COMPUTER (LGC) 
IS INOPERATIVE OR THE TELEMETRY IS I N  THE 
LOW B I T  RATE MODE. 

PROCEDURES 

1 .  Select AGS Initialization R outine (R47) : 
Key V47E 
Pose PROG lt - on 
Key VOS N09E - Call alarm 

R 1 00220 REFSMFLAG not set 
R2 XXXXX 
R 3  XXXXX 
exit R47 

Key KEY REL &: RSET, exit R47 
Perform IMU Orientation Deter
mination (PS i) 
Return to beginning of step 1 .  

2. FL V06 N16 
R 1  OOXXX hr 
R2 OOOXX min 
R 3  OXX. XX sec 

3. Command LM/CSM state vector 
update via PGNCS downlink: 
Key DEDA C 414+10000E 

REMARKS 

Before fir st AEA clock initializa
tion, V06 N 1 6  contains meaning
le s s  value . After AEA clock 
initialization, V06 N16 contains 
stored GE T of AEA clock zero 
(K}. (GET of AEA clock zero is  
MIT/IL expre s sion for AGS time 
bias. ) AGS time bias i s  required 
be cause AGS time is limited to 
approximately 72 hours. GET -
AGS time bias (K) = AGS time . 



PROCEDURES 

4. Check V06 N16 
Record K ,  Key PRO 

5 .  VSO N16 
R 1  OOXXX hr 
R2 OOOXX min 
R3 OXX. XX sec 

6. FL VSO N16 
R1  OOXXX hr 
R2 OOOXX min 
R 3  OXX. XX sec 

7.  Verify AGS initialization 
complete : 
Key DEDA C 414R+OOOOO 
To continue interrupted PGNCS 
program: 
Key PRO, exit R4 7 
To terminate: 
Key V34E, exit R4 7 

8 .  If  update accuracy verification i s  
de sired: 
Display LGC rendezvous 
paramete r s  (R3 1 )  - Key V83E 
FL V06 N54 

R 1 Range XXX. XX nm 
R2 Range rate XXXX. X fp s 
R3 e xxx.xx 

9. Read out AGS range rate : 
Key DEDA C 440R XXXXX ( 0. 1 / 1  
fps )  
Compare PGNCS &: AGS values of 
range rate 
Value s should be within 1. 0  fps 
To terminate R 3 1 :  
Key PRO 

1 1 1 7 6 - 6 0 3 3 - TOOO 
Page 1 5 - 2  

REMARKS 

After keying PRO (step 4), dis
play is  static until AEA downlink 
list i s  transmitted 1. 0  times .  If 
IMU i s  not in use CDU, LGC and 
and AEA gimbal-angle counte r s  
a r e  zeroed, DAP i s  disabled 
during thi s time (�1.2 seconds). 

Occurs within 2 seconds. 

Range rate 
comparison i s  usable up to 
8, 388, 0 0 0  feet ( 1 3 8 0  nm) in lunar 
orbit or up to 33,  554, 000 feet 
( 5 ,  5 1 8  nm) in earth orbit, 

If IMU orientation has changed 
since last AGS alignment, per
form AGS/PGNCS Align. Wait 
at least 3 0  seconds afte r CDU 
zero. 
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*� 
15.  2 Procedures for LM Initialization Via DEDA 

* 

1. )  Enter the LM data via the DEDA and verify according to  
the following table : (all data must be entered) 

Equation 
Symbol Addr e s s  D e  scription 

1 J 1  240 x component of LM po sition, AGS 
coordinates 

1 J 2 241. y component of LM position, AGS 
coordinates 

1. J 3  242 z component of LM position, AGS 
coordinates 

1J4 260 x component of LM velocity,_ AGS 
coordinates 

1J5 261  y component of LM velocity, AGS 
coordinate s 

1J6 262 z component of LM velocity, AGS 
coordinate s 

1.J 7 254 Epoch time of LM ephemeris data, 
AGS time 

2)  Enter into the DEDA 414 +20000. 

3) Verify " c ompletion of initialization" by reading out DEDA 
addre s s  414.  The value i s  automatically set to +00000 
after the update is  complete (within 2 sec of step 2) .  

Position components are quantized at 1 0 0  feet and velocity components 
at 0 ,  1 fps for lunar missions and 1 0 0 0  ft and 1. fps respe ctively for 
earth missions. Epoch times are quantized at 0 .  1 minute . 



-----
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Epoch times input to the AEA via the DEDA are in units of minute s  

with a quantization level of 1 / 1 0  minutes or 6 seconds. 

EPOCH DATA USED IN THE AGS FOR NAVIGATION UPDATES VIA 
THE DEDA MUST BE VALID AT A MULTI PLE OF 1/10 MINUTE 

If this is not so, position errors on the order of 1 2  miles for Earth mis

sions and three miles for lunar mis sions could re sult just due to roundoff 

of epoch time through the DEDA. 

15. 3 Procedures for CSM Initialization via DEDA>(c 

·'· 

1 )  Enter the CSM data via the DEDA and verify according to 
the following table: (all data must be entered) 

Equation 
Symbol Address Description 

2J l 244 x component of CSM position, AGS 
coordinates 

2J2 245 y component of CSM position, AGS 
coordinates 

2J3 246 z component of CSM position, AGS 
coordinates 

2J4 264 x component of CSM velocity, AGS 
coordinates 

2J5 265 y component of CSM velocity, AGS 
coo rdinates 

2J6 266 z component of CSM velocity, AGS 
coordinate s 

2J7 2 7 2  Epoch time of CSM ephemeris data, 
AGS time 

'"Position components are quantized at 100 feet and velocity components 
at 0. 1 fps for lunar missions and 1 000 ft and 1 fps respectively for earth 
missions. Epoch times are quantized at 0. 1 minute. 



2 )  Enter into the DEDA 414 +30000. 
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3) Verify ' 'completion of initialization" by reading out DEDA 
address 4 14. The value is automatically set to +00000 afte r 
the update i s  complete (within 2 sec of step 2) .  

1 5. 4 Discussion of AGS Navigation for Information Purposes 

This section contains a discussion of the navigation employed by the 

AGS along with the limitations impo sed. 

1 5. 4. 1 CSM Navigation 

The CSM position and velocity at any time is determined by utiliza

tion of a subroutine called the "Ellipse Predicto r",  This subroutine has 

the capability of accepting position and velocity of a vehicle, say at time 

tE' and determining the position and velocity of a vehic�e at another time 

say tE + T . .  T. can be either positive or negative but because of computer 
1 1 -

scaling it is limited in magnitude. The prediction of position and velocity 

i s  based upon the assumption that the gravity model of the attracting body 

is spherical. Because the actual gravity is not truly " spherical" the 

proportionality constant used in the gravity model is "tuned" to the range 

of trajectories under conside ration. 

For CSM navigation, position and velocity, valid at an epoch time 

t
E, are stored in the computer. If, for example, it is · desired to know the 

position and velocity of the CSM at the present time t then the time (�) 
since epoch time is  computed and used in the ellipse predictor along with 

the epoch position and velocity. The output of the ellipse predictor is the 

present position and velocity of the CSM. The epoch point is maintained as 

the original point unle ss "bootstrapped" by the AEA (Section 1 5. 4. 2). 

SINCE THE E LLIPSE PREDICTOR ASSUMES THE VEHICLE TO 
BE IN FREE'.FLI GHT, THE AGS MUST RECEIVE NEW CSM 
EPOCH DATA AFTER EVERY CSM MANEUVER. 



1 5. 4. 2 Epoch Time Bootstrap 
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A s  indicated in Section 1 5 .  4. 1 ,  the p rediction time T. can b e  either 
l 

po sitive o r  negative but it i s  limited in magnitude because of computer 

scaling. The limit is %8 1 9 1  seconds which i s  somewhat greater than the 

time of 1 CSM orbit. In order not to exceed the computer scaling the 

quantity \ (time from CSM epoch to present time) i s  compared to the 

orbital period of the CSM ( T  CSM}. When \ exceeds TCSM the CSM 

epoch time (tE ) i s  advanced by one o rbital period. Thus, no computer 

overflow occurs during CSM navigation because of the manner in which 

the update operation is performed in the computer: 

NO FUTURE EPOCH POINT SHOULD BE ENTERED FOR 
THE CSM NAVIGATION UPDATE. 

1 5 .  4. 3 LM Navigation 

1 5. 4. 3 .  1 lnflight Navigation. The "ellipse predictor" subroutine as 

discussed in Section 1 5. 1 does not take into account any acceleration of 

the vehicle other than that due to " spherical" gravity. Thus, the technique 

used for CSM navigation is not used for LM navigation since the LM vehicle 

goes through various thrusting phases. LM navigation is done by integra

ting the equations of motion of the vehicle. In this way all accelerations 

(including thrust) can be used where appropriate. The only time the ellipse 

predictor subroutine is used for LM navigation is during coasting flight 

when new LM ephemeris data is obtained and this data is updated to the 

present time (for use as initial conditions in the integration equations) .  

O f  course, for the updating to be valid two conditions are required. 

1 .  NO LM THRUST ACCELERATION CAN OCCUR BETWEEN THE 
TIME THE EPHEMERIS IS DETERMINED (FROM EXTERNAL 
SOURCES) AND THE UPDATE TIME. 

2. THE T IME FROM THE EPHEMERIS POINT TO THE UPDATE 
TIME CANNOT EXCEED 8191 SEC. 
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1 5. 4 .  3. 2 Surface Navigation. On the lunar surface a simplified
_ 

form of 

LM navigation i s  performed. For this reason: 

THE EPOCH TIME FOR LM NAVIGATION 
UPDATES ON THE LUNAR SURFACE SHOULD 
BE WITHIN 0.5 HOUR OF NOMINAL LIFT
OFF TIME. 

1 5. 4.  4 DEDA Entry Errors 

A DEDA entry of +00000 in addre s s  4 1 4  is treated as a +1 0000 

entry by the flight program. If the PGNCS downlink contains the correct 

identification word, the PGNCS downlink will be used to initialize the 

LM and CSM states in the AGS. If the identification word is not present, 

initialization will not take place. 

NEVER ENTER +00000 INTO ADDRESS 
414 VIA DEDA. IF T H IS IS DONE, THE 
FLIGHT PROGRAM WILL SEARCH THE 
PGNCS DOWNLINK FOR THE IDENTI
FICATION WORD . SHOULD THE IDEN
TIF ICATION WORD BE LOCATED THE 
LM AND CSM STATE VECTORS COULD 
BE DESTROYED .  

SHOULD +00000 O R  +10000 BE I NADY.ER
TENTLY E NTERED I N TO ADDRESS 414, 

THE PGNCS SEARCH CAN BE ELIMINATED 
BY ENTERING 563+00000. 

Position, velocity and time DEDA entry errors prior to entry of 

+20000 or + 3 0000 in address 4· 1 4  (LM or CSM DEDA initialization) may 

be corrected by reentering the correct quantities prior to the address 

4 1 4  entry. 
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1 6 . 0 ALIGNMENT 

Alignment of the strapdown system consists of the computation of 

the direction cosines which relate vehicle body axes to the desired inertial 

coordinate system. In the AGS system the alignment techniques can be 

classified according to whether or not the PGNCS is operative. 

1 6. 1 AGS Alignment with PGNCS Operative (AGS Align to PGNCS) 

1 6 .  1 .  1 In Flight Procedure 

* 
1 )  Verify that the PGNCS inertial platform i s  operating. 

2 )  Verify that after the AGS system is  put in the "OPERATE" · 

status, a PGNCS downlink navigation update has been per- � formed. This procedure can cause a CDU zero signal 
to be sent to the AEA which in turn would cause the 
AEA Euler angle registers to be set to zero and to 

>J< >:C count up to the correct value. 

3 ) At least 3 0  seconds after completing the PGNGS downlink 
navigation update, enter via the DEDA the code 400 + 
30000.  This causes the AGS to PGNCS align to be 
accomplished within 2 s ec .  The system is then auto
matically placed in the attitude hold submode (800 = 0 ) .  

4) Verify that AGS to PGNCS align has been completed by 
r eading out DEDA addr e s s  400. The output should be 
400 + 00000, Further ver ification of alignment is ob
tained by observing that the attitude ball on an FDA! 
gives the same r eading (within system toleranc e s )  when 
the Attitude Monitor switch is in either the PGNCS or 
AGS position. 

1. 6 .  1 .  2 Lunar Surface Procedure 

-··· · 

1 )  Ve rify that the PGNCS inertial platform is  operating. 

To avoid CDU " coar se"  switching transients, ensure that no IMU gimbal 
angle is within ±5 degrees of integer multiple s of 45 degrees (including 0 
degree s ) .  CDU " fine" switching transients are avoided a s  long a s  all gim
bal angles are more than 1 1 . 25 degrees away from 0 degrees and a CDU 
zero has been executed. If this pro cedure is followed, it is highly unlikely 
that fine switching transients will occur during alignment. 
,;,:-:' 

Setting the CDU' s to zero is  required once each time the AEA Circuit 
Breaker i s  closed. 
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2)  Ve rify that after the AGS system is put in the "OPERATE" 
status, a PGNCS downlink navigation update has been per
formed. This procedure can cause a CDU zero signal 
to be sent to the AEA which in turn would cause the AEA 
Euler angle registers to be set to zero and to count up 
to the correct value , 

3 )  At least 30 seconds after completing the PGNCS down
link navigation update, enter via DEDA the code 400 
+ 30000. This causes the AGS to PGNCS align to be 
accomplished within 2 seconds. The system i s  auto
matically placed in the attitude hold submode (s

00 = 
0).  

4) Verify that AGS to PGNCS align has been completed by 
reading out DEDA addre s s  400. The output should be 
400 + 00000. Ve rification that CDU coarse transients 
have not occurred during alignment is made as follow s :  

a )  Afte r completion of alignment (DEDA Addre s s  
400 + 00000), read out DEDA Addre s s  1 3 2  (octal). 

b )  Repeat AGS to PGNCS align by entering via DEDA 
the code 400 + 30000. Ve rify completion of align
ment by reading out DEDA address 400. (The 
output should again be 400 + 00000). 

c) Upon completion of second alignment, again read 
out DEDA Addre s s  1 32. If a change of more than 
2 octal counts is  indicated in the fourth place of 
Addre s s  1 3 2  (± XXX?X), reperform the AGS-to
PGNCS alignment, * 

16. 1. 3 Discus sion 

In the AGS to PGNCS align mode, the AGS direction cosines are set 

equal to the PGNCS direction cosines as computed from the PGNCS Euler 

Angles 9 , <j> , l.jJ • Thus the AGS inertial reference frame is  the same 
p p p 

a s  the PGNCS s table member coordinate frame. 

THE X-Z PLANE OF THE AGS INERTIAL REFERENCE FRAME MUST L I E  WITHIN 
10 DEG OF THE CSM ORBIT PLANE DURING RENDEZVOUS RADAR UPDATING 
TO OBTAIN CORRECT OPERATION OF THE RADAR FILTER 

>:<
A change of three counts in the next-to-least-significant octal digit 

would indicate a change in the pitch plane Euler angle of from 0.  056 deg 
to 0. 084 deg. 
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In the event the PGNCS is  inoperative several alignment techniques 

exist for the AGS. On the lunar surface the submode called Lunar Align 

(S 00 = 4) can be utilized as well as the Body Axis Align techniques dis 

cussed below. When inflight, only the Body Axis Align technique s are 

applicable. These various methods are now considered. 

1 6. 2. 1 Lunar Align 

Lunar Align orients the AGS x -inertial axis to the vertical. The y 

and z -inertial axes with respect to the z -body axis are determined from 

azimuth reference data input to the DEDA before the Lunar Align. 

One method of providing the azimuth reference is to use the stored 

AGS indicated LM attitude existing in the AEA shortly after touchdown. 

Storing is accomplished immediately by DEDA entry 4 1 3  = any number 

(+ 10000 is sugge sted). The basic a s sumption inherent in storing attitude 

data is that the landing shock will not disrupt the inertial attitude refer

ence nor will the LM change its azimuth angular orientation (by settling 

or shifting) after the attitude i s  stored. 

Near the end of the lunar stay, the earth will determine if an update 

is nece ssary to correct the stored attitude data for the moon 1 s rotation 

and the CSM orbit plane change. If so, azimuth correction C::.6 (octal) is 

communicated to the LM where it is  entered via DEDA entry 547 into the 

AEA prior to the Lunar Align. 

A second, more general method of obtaining the azimuth reference 

is provided by the AOT. The general procedure is as follow s :  

a )  Perform Lunar Align (orients x·inertial axis to be vertical). 

b) Take AOT star shot, one known star. 

c) Communicate the two angles to earth.  

d )  Earth records star data and te1emetered AGS attitude 
cosines and computes azimuth reference correction. 
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e )  Earth communicate s and flight crew enters either 

(i) a (if correction s: 5 degrees) DEDA addre s s  547 

(ii) cos OL, sin oL (if correction > 5 degrees)  DEDA 
address 053 and 047 respectively. Also enter 547 + 
00000 which sets 1:!.. 6 = 0. 

f) Perform Lunar align at designated time just before launch 
for final alignment. 

The AOT procedure is  not affe cted by landing shock or LM settling before 

the AOT star shot. 

Lunar .Align is started by entering via DEDA addre s s  400 + 40000. 

A minimum of three minutes is required to perform lunar align. The 

system does not automatically switch out of lunar align after 3 minute s. 

In fact, final lunar alignment should only be terminated within ±4 minutes 
* 

of the nominal liftoff time. This is accomplished by entering a value of 

+ 00000 or + 10000 into addres s  400. 

* 

THE AGS MUST REMA I N  I N  THE LUNAR ALIGN SUBMODE 
(ADDRESS 400 + 40000) UNTIL JUST PRIOR TO NOMINAL 
L I FT OFF TIME. EARLY EXIT FROM LUNAR ALIGN RESULTS 
I N  ALIGNMENT ERROR ACCUMULAT ION AT THE RATE OF 
APPROXIMATELY 0 . 5  DEG/HR (LUNAR RATE) . 

\ 
When the lunar align is terminated, the reference frame goes inertial. 

Nominal lunar liftoff time is the time when the reference frame achieves 
its designated orientation. 
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Proposed in-orbit Align techniques are outlined below. MSC has not 

decided on the procedure to be used. Two classifications, 

a )  U s e  existing reference frame 

b )  Establish desired reference frame 

are apparent and are discussed below. For either type alignment, the 

following two steps are necessary: 

1 )  Two star sighting s are taken with the selected optical 
device, either the AOT and / o r  the COAS. Mis sion 
Control Center must record the AGS direction cosines 
existing simultaneously with each star sighting. 

2) The Mission Control Center computes the orientation 
of the AGS inertial reference frame existing at the 
time of the two star sightings. This i s  to say, Mis 
sion Control can compute unit vectors pointing in the 
re spective directions of the AGS x, y, and z inertial 
axe s,  exp r e s s e d  in the ground computer ' s  computation 
inertial reference frame. 

AGS Alignment is then performed as follows: 

a )  Existing Reference Frame Orientation 

In this mode, the DEDA entry for Body Axis Align i s  not 
necessary. The ground computer, knowing the orienta
tion of the AGS reference frame and knowing also the posi
tion and velocity of the LM and C.SM, computes the LM 
and CSM state v e ctors with coordmates expre ssed in AGS 
reference frame. The state vectors are communicated to 
the LM where they are inserted into the AEA. If only the 
IMU has failed (as suming PGNCS failure) but not the LGC, 
the AGS state vectors can be up-linked to the LGC and 
then downlinked by the crew to the AEA. The alignment 
is now complete. 

The alignment errors resulting from the above procedure 
depend on the accuracy of the star sightings and the capa
bility of Mission Control to record the telemetered AGS 
cosines existing at the instant each star sighting i s  made . 
Because of the p o s s ibility of timing errors, it is highly 
advisable that LM rotation rates, at the time of marking 
a star sighting, be held to a minimum. In addition, the 
existing AEA reference frame must be such that the 
y inertial axis is greater than 1 0  degrees from the LM 
or hit plane . 
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If a preferred orientation of the AGS reference frame is 
desired, the reference frame existing at the time of the 
star measurements may not suffice. In this case, Mis
sion Control can direct the flight crew to orient the LM, 
in inertial space, to a desired attitude as indicated by the 
attitude angles on the FDAI. "Body Axis Align" is then 
executed via two DEDA commands .  

1 )  Enter via the DEDA 400 + 50000. This slaves the 
reference computational frame to the body axes 
(instantaneously). 

2 )  At the time when the align i s  to be performed, 
enter via the DEDA 400 + 00000. This releases 
the reference frame from the body axes allowing 
it to remain fixed in inertial space. 

Unless the preferred reference frame corre sponds to the 
one in which the LM and CSM state vectors already exist
ing in the AEA are valid, the LM and CSM state vectors 
must be updated. The error in achieving the desired LM 
attitude via the FDAI results directly in an alignment 
error. Other error sources using this technique are 
noted in a) above. Because of the restrictions on the AEA 

computations, the preferred attitude used in this align 
technique must be such that the y inertial axis is greater .. than 1 0  deg from the CSM orbit plane. -,. 
The procedure described above does not require the 
simultaneous sightings of the two stars nor that the vehicle 
attitude be held between sightings. If it is pos sible that 
the AOT can be employed in such a way that the two star 
sightings may be taken simultaneously, and if Body Axis 
Align can be entered simultaneously with the star sight
ing, then it is not necessary for Mission Control to 
monitor the telemetered AGS direction cosines closely in 
time. At the time o£ the "mark, 11 the cosines obviously 
take on the values of the unity matrix. The re sulting AGS 
reference frame orientation, however, will corre spond 
to the orientation of the LM at the time of the align. In 
general, LM and CSM state vectors must be reinitialized. 
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Calibration of the gyros and accelerometers a s  performed in the 

AGS can be placed in three separate categories;  Lunar Surface Gyro Cali

bration, Inflight Gyro and Accelerometer Calibration, Inflight Acceler

ometer Calibration only. Procedures for performing these calibrations 

are considered in turn. 

17.  1 Lunar Surface Gyro Calibration 

Shortly after lunar touchdown the DEDA entry 4 1 3  + 10000 should 

have been made. This entry does thre.e things :  

a) Stores AGS attitude for pos sible future lunar align 

b) Sets the AEA lunar surface signal flag 

c) Inhibits accelerometer calibration 

PROCEDURE 

1) If the PGNCS is operative, perform a PGNCS to AGS 
align. If PGNCS is not operative, perform a lunar align. 

THE AGS ALIGNMENT MUST RESULT IN A Y-INERTIAL AXIS THAT 
IS WITHIN 10 DEG (HALF CONE ANGLE) OF THE MOON'S NORTH 
POLAR AXIS .  

2) At the completion of align, enter via the DEDA 
400 + 60000. 

3) Completion of calibration ( 302 seconds required) can be 
verified by reading out DEDA address 400. At comple
tion, the readout automatically returns to + 00000. 

17 .  2 Inflight Gyro and Accelerometer Calibration 
(DEDA entry 400 + 60000) 

IF THE PGNCS IS INOPERATIVE, DO NOT ENTER THIS MODE 
WHILE IN FLIGHT. TO DO AN INFLIGHT ACCELEROMETER 
CALIBRATION, PROCEED TO SECTION 1 7. 3 .  



* 

f )  

2) 

3) 

4) 

5 )  

PROCEDURE 

Vehicle in PGNCS A T T  HOLD. 
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Maneuver vehicle via ACA until DSKY display of ICDU 
angles read a�roximately 22. 5 degrees away from 0°, 
45°, 900, 135 , etc. , in all three channels. 

Perform IMU CDU zero. Wait at least 20 seconds 
before proceeding to step 4. As long as all gimbal 
angle s are more than f f .  25 degrees away from 0°, 
the CDU zero and subsequent " count-up" (requires a 
maximum of 20 seconds) exercises all of the CDU 
" fine " switches and it is highly unlikely that fine 
switching transients will occur during calibration. 

Inhibit the RCS. 

Enter the calibrate mode via DEDA entry 400 + 60000. 
Wait at least 35 seconds before proceeding to step 6. 

6) Return the vehicle to PGNCS ATT HOLD. Wait two 
minutes before proceeding to step 7 .  

7 )  Inhibit the RCS. Remain in this state until calibra
tion is  complete. 

8 )  If during the last minute of calibration it would be 
neces sary to manually command an RCS jet firing to 
prevent a " coarse" CDU transient in any channel 
(ICDU angle s cros sing 0°, 45°, 90°, 135°, etc. ) 
then manually exit the calibration via DEDA entry 
400 + 00000. 

JNFLIGHT GYRO A N D/OR ACCELEROMETER CALIBRATION MUST 

ONLY BE PERFORMED DURING FREE FLIGHT. ATTITUDE 

ROTATION RATE SHOULD BE LESS THAN 0.1 DEGREE PER 

SECOND.
* 

With the AGS in control, there is no automatic attitude control during 
inflight calibration since the attitude error commands are set to zero. 
When the PGNCS is in control, attitude hold can be achieved with the 
Mode C ontrol Switch. 
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1 7 .  3 Inilight Accelerometer Calibration Only 

PROCEDURE 

i )  Vehicle in ATT HO LD. 

2)  

3 )  

* 
Inhibit the R CS. 

Enter the calibrate mode via DEDA entry 400 + 70000. 

¢ 

Calibration is  completed in 32 se conds. After 302 seconds, the 

readout of DEDA addre ss 400 returns to + 00000 (attitude hold ).  Inflight 

Accelerometer Calibration Only does not affe ct AGS alignment. Vehicle 

attitude maneuver s  may be re sumed after 35 seconds. (Inflight Accelerom

eter Calibration may be terminated any time after 35 seconds via DEDA 

entry 400 + 00000. ) 

1 7 .  4 Discussion 

The gyro and accelerometer bias compensation values should be on 

record prior to the inflight calibration. These can be obtained via DEDA 

readout. 

Equation 
Symbol 

l Kl 

1K6 

l K l l  

1 Kl9 

1 K21 

1 K23 

•:< 

Addre s s  

544 

545 

546 

540 

541 

542 

De scription 

x gyro drift compensation coefficient 

y gyro drift compensation coefficient 

z gyro drift compensat.ion coefficient 

x accelerometer bias compensation coefficient 

y accelerometer bias compensation coefficient 

z accelerometer bias compensation coefficient 

It is acceptable to do an inflight accelerometer only calibration with the 
RCS not inhibited, but calibration accuracy may be degraded. 
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After calibration, the new compensation value s can be read out. The 

gyro compensations are DEDA available as decimal quantitie s, degrees/ 

hour, quantized to 0. 01 degree/hour. The accelerometer compensations 

are read out as decimal quantities, quantized to 0. 001 fps
2 (� 3 1  f.Lg ) .  The � 

acceptable bounds on gyro drift and accelerometer bias shifts, which can 

occur between two succes sive calibrations, are given in Table 17.  1 .  
Three limits are given for each instrument. The first  i s  for the time 

interval between prelaunch and the first  inflight calibration. The second 

is for the diffe rence between two succe s sive inflight calibrations. The 

third limit indicate s suspected instrument failure. ( The first  and second 

limits define normal behavior). Should an inflight calibration re sult in a 

compensation shift which exceeded the acceptable limit, but not the failure 

limit, it is recommended that another IFC be conducted. If the limit is 

still exceeded, it is recommended that the new values be discussed with 

Mis sion Control. If the IFC results in a compensation value which ex-

ceeds the failure limit, a 'system problem is evident and Mission Control 

should again be contacted. 

Table 17.  1 Bounds on Inflight Instrument Compensation 
Shift (Lunar Mis sion) 

Instrument Launch to IFC 

Gyro Drift ::1:0. 90° 
/hr

( f )  

Accelero .. 
::1:0. 008 £ps2 (2)  

meter 

Bias 
-

( i )
Based on 18 days from EPC to IFC 

(2)
Based on 60 days from PIC to IFC 

IFC to IFC 

::1:0. 70° /hr
(3)  

::1:0. 008 fps2 (3) 

(3)Based on less than 24 hours between IFC' s. 

Failure Limit 

will be specified 
prior to launch 

will be specified 
prior to launch 
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Thirty two (32) sec after entering the calibrate mode, the acceler

ometer calibration is completed. The accelerometer bias compensation 

constants are modified in the AEA only at the completion of the c;:alibration 

proce s s .  If the AGS is removed from the calibrate mode_prior to 32  sec

onds, the initial values of the calibration constants will be maintained. 

The gyro calibration updating is performed differently. Once each two

second compute cycle during calibration, the gyro calibration constants 

are reestimated and updated in the AEA. If the AGS is removed from the 

calibrate mode before the allotted 302 seconds has elapsed, the updated 

constants will be utilized by the AGS. If the calibration mode is exited 

before 180 seconds have elasped, reload the initial values of the gyro 

calibration constants. The constants obtained after 180 seconds will be 

more accurate than those exis ting prior to entering the calibrate made 

but less accurate than those that would have resulted had the gyro calibra

tion been completed. 
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This s ection contains the procedure to be used to obtain a LM navi

gation update using the Rendezvous Radar. 

The digital radar filter used in the AEA accepts both range and 

range rate information. The value of radar range entered into the DEDA 

must be the value read from the tape meter at the time the radar gimbal 

angles are zero (time at which DEDA entry 4 1 5 + 1 0000 is made). The 

value of radar range rate entered into the DEDA must be the value read 

from the tape meter at the time DEDA entry 415+1  0000 is made. However, 

the radar gimbal angles need not be zero when the radar range rate is  

read. 

It is recommended that the radar data entry s chedule consist of a ¢ 
sequence of at least six range entries .  One ( 1 )  range rate entry should 

be made in the interval between each pair of range entries. (Any more 

than one range rate entry between range entries neither improves nor 

degrades performance.  ) At long ranges (pre- CSI), a radar data entry 

schedule should consist of a sequence of at least nine range entries. 

The time between range updates should be maintained relatively ¢ 
constant in any particular updating sequence, and should be between two 

and six minutes .  It is desirable that the total time interval between the 

first and last range entry in a given sequence be large, in order to take 

advantage of the changing geometry. 

ANY EXTERNAL NAVIGATION UPDATE INFORMAT ION 
(PGNCS DOWNLINK, MSFN) OBTAINED DURING THE 
RADAR DATA GATHERING PROCESS COMPLETELY 
SUPERSEDES THE PREVIOUS RADAR NAVIGATION 
UPDATING; I . E . ,  THERE IS NO COMBIN ING OF UP
DATE INFORMATION WITH THE NAVIGATION 
ESTIMATES ALREADY IN THE COMPUTER. 

The radar filter is initialized by setting DEDA address 417 to + 1 0000. 

PRIOR TO THE START OF TAK ING EACH SEQUENCE 
OF RADAR DATA (I . E . ,  PRIOR TO CSI , CDH, TPI 
AND MIDCOURSE), DEDA ADDRESS 4 1 7  MUST BE SET 
TO + 10000 TO INITIALIZE THE RADAR FILTER. 
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As an aid to rendezvous radar acquisition, enter the Z - body axis 

steering mode (DEDA entry 400 + 20000) and orient the Z -body axis to

ward the estimated direction of the CSM (DEDA entry 507 + 00000). When 

the MODE CONT is placed in AUTO, the LM will orient the Z -body axis 

to the desired direction. After the desired pointing direction is achieved, 

set the MODE CONT to A/H. 

During rendezvous radar updating, the X - Z  plane of the AGS inertial 

reference frame must lie within 1 0 deg of the CSM orbit plane to obtain 

correct operation of the radar filter. 

2) Procedure 

The following steps, required for radar data entry, are to be per

formed when the rendezvous radar is locked on to the CSM. 

A. RADAR RANGE DATA 

1 )  Insert on the DEDA (but do not enter )  415 + 10000. 
This is the command to 1 1  store Z - axis dire ction cosines 
and assign a time tag to the radar data. " 

2) Set Deadband Switch to "MIN" position. 

3)  Using the Attitude Controller, r otate the vehicle 
manually in order to null the rendezvous radar 
gimbal angles (as observed on the rendezvous 
radar gimbal display). When the stick i s  moved 
out of the detent position, the AGS enters the 
followup submode and zero attitude errors are 
output. When the stick returns to detent, attitude 
hold i s  reentered. 

4)  At gimbal angle null depre ss the "ENTR" button on 
the DEDA and note radar range on the Rendezvous 
Radar Range Display. 
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5) U it is  felt that the radar gimbal angles were not zeroed 
when the DEDA "ENTR" button was depressed (step 4), 
the process should be repeated beginning with step 1 .  At 
this time in the filtering process no external data has 
been irrevocably placed in the AEA. The above steps can 
be repeated any number of times (at any frequency) until 
the radar gimbal angles are zeroed when the DEDA 
"ENTR" is  depressed (with the entry 4 1 5  + 10000). 

6) Attitude controller can be returned to detent at which time 
AGS goes into "attitude hold . "  

7 ) Via DEDA address 3 1 6  (quan�ized at 0. 1 n. mi. *) enter the 
recorded value of radar range. This should be accom
plished within 30 seconds of step 4. At this time the 
radar data is irrevocably entered into the AEA. 

8) Set .Deadband Switch to "MAX" position. 

BECAUSE OF TECHNIQUES USED TO CODE THE 
RADAR FILTER I N  THE AEA, ENTRIES SHOULD 
NOT BE MADE I N  DEDA ADDRESS 4 1 5  FOR AT 
LEAST 16 SECONDS AFTER A RANGE OR RANGE 
RATE ENTRY HAS BEEN MADE . 

B .  RADAR RANGE RATE DATA 

The following steps are required for radar range rate entries into 

the AEA: 

i )  Deadband switch i s  in "MAX" position. 

2 )  Insert on DEDA (but do not enter) 4 1 5  + 100000. This is 
the command to " store Z -axis direction cosine s.  " 
However, no special orientation of the spacecraft is  
neces sary; all that i s  required is that the rendezvous 
radar be locked-on to the CSM beacon. 

3 )  At any convenient time, depress the " ENTR 11 button 
on the DEDA and note radar range rate on the Ren
dezvous Radar Range Rate Display. 

* Address 3 1 6  (radar range entry) is quantized at 0 .  1 n. mi. for both earth 
and lunar s caling. At short ranges the radar range display is in units of 
feet, so that range must be converted to n. mi .  by dividing by 6000 prior 
to entering via DEDA. 
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4) Via DEDA addre s s  503 (quantized at 0. 1 fps) enter 
the noted value of radar range rate. This should 
be accomplished as soon a s  possible and within 30 
se conds of step 3. At this time, the range rate is 
irrevocably entered into the AEA. (Range rate -
must be entered with the correct sign, i. e . , nega
tive for closing. ) 

5)  If it is decided not to use the range rate reading 
after the 4f5 entry i s  made, begin the procedure 
over with a new 4i5 entry when the new range rate 
is desired. 

IT IS NOT NECESSARY THAT THE RADAR GIMBAL 

ANGLES BE ZERO FOR THE RADAR RANGE RATE 

E NTRY. 
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This section presents the procedures to be utilized on the lunar 

surface. 

1 9. 1 Operations Prior to AEA Shutdown 

1 )  Immediately after touchdown, enter DEDA addres s  4 1 3  
+ 10000 (any other entry in address 4 1 3  i s  just a s  valid). 
This command sets the lunar surface flag and stores the 
lunar azimuth of the LM. Setting the lunar surface flag 
is mandatory for LM navigation initialization on the lunar 
surface. 

2)  If the PGNCS is operating, perform the following steps: 

a )  Enter DEDA addr ess 400 + 30000 to obtain an AGS
to PGNCS align. 

b) After the PGNCS is fine aligned (approximately 20 
minutes after touchdown) reinitialize LM and CSM 
state vectors via downlink (see Section 15. 1 ) .  This 
may send the CDU zero signal to the AEA. 

c) Verify completion of initialization via DEDA readout 
of + 00000 on DEDA address 414. 

3 )  If the CDU zero signal was not sent to the AEA ( Step 2b) 
go to Step 4. If the CDU zero s ignal was sent, perform 
the following steps: 

a )  At least 3 0  seconds after step Zb) enter DEDA addre s s  
400 + 30000. This entry is for an AGS-to-PGNCS align. 

b )  Enter DEDA addr e s s  4 1 3  + 10000 to store the lunar 
azimuth of the LM. This step stores the improved 
azimuth available as a result of the AGS-to- PGNCS 
align. 

4) Pull out AEA circuit breaker. This removes 28 VDC 
power from the AEA. 

5)  Set AGS status switch to OFF. 

6) Pull out the AGS circuit breaker. This removes 
1 1 5  V, 400 CPS power from the AEA. 

DO NOT PULL OUT THE ASA CIRCUIT BREAKER. 
THE BREAKER SUPPUES HEATER POWER TO THE 

ASA SENSORS WHOSE TEMPERATURE MUST BE 
MAINTAINED DURING LUNAR STAY. 
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In this status, all information in the computer is  saved for use 

when the system is again turned on. 

19.  2 Operations Prior to Lunar Liftoff 

In sufficient time (greater than '30 minutes) prior to lunar liftoff, the 

following steps should be performed: 

1 )  Set AGS status switch to STANDBY. 

2) Close AEA circuit breaker. This applieS" 28 VDC 
power to the AEA. 

3) After 25 minute s in standby, close the AGS circuit 
breaker. 

4)  Set AGS status switch to "OPERATE". AGS flight pro
gram is  entered with the pre- shutdown parameters re
tained. When fir st entering the OPERATE status, 
address 400 and 410 are automatically set to + 00000 
(See Section 7. 0). The addr e s s  410 entry of + 00000 
selects the orbit insertion routine. Because the lunar 
surface signal is  set, the AGS outputs zero attitude 
control signals when Guidance Control i s  in AGS and 
Mode Control in AUTO. If Guidance Control is in 
PGNS and Mode Control in A TT HOLD, the AGS will 
also output zero attitude control signals. If Guidance 
Control is in PGNS and Mode Control in AUTO, the 
AGS will is sue zero attitude error signals since addre ss 
400 is + 00000. If Guidance Control is in AGS and 
Mode Control in A TT HOLD, the AGS will attempt 
to reestablish the LM attitude with continued, 
fruitle s s  RCS thrusting. AGS is  in follow-up if 
the Guidance Control switch is  in the PGNS posi-
tion and outputs Engine OFF commands. 

The system is now in operating condition. A series of checks 

should be made to verify the readines s  of the AGS. 

5) Checks of Computer Readines s  

A check of computer readines s  should b e  made acco.rding 
to the procedures of Section 14. 1 .  

6) AGS C omputer Time Initialization 

AGS computer time should be initialized according to the 
procedures of Section 14. 2 .  

7) Obtain nominal liftoff time from MSFN and set events 
timer appropriately. 



1 1 176- 6033- TOO O  
Page 1 9 - 3  

8) If the PGNCS is operative, go to step 9 .  I£ not, proceed 
to step 12.  

9) CSM, LM Navigation Initialization 

Perform CSM, LM navigation update via PGNCS downlink 
(Section 1 5 .  1 ) .  This procedure should occur within 0.  5 
hour of nominal liftoff time.  

10) AGS to PGNCS Align 

At least 30 seconds after the completion of step 9 ,  perform a 
AGS to PGNCS align according to the procedur es of Section 16.  1 .  

1 1) Proceed to step 14. 

12) Align 

Perform either Lunar Align or Body Axis align according 
to the procedures of Section 1 6. 2 .  

1 3) LM, CSM Navigation Update 

During Lunar Align or after Body Axis Align, perform 
LM and CSM navigation update via DEDA according to the 
procedures of Section 1 5. 0. 

14) Lunar Surface Gyro Calibration 

Perform Lunar surface gyro calibration according to the 
procedures of Section 1 7 .  0. 

1 5) During step 14,  enter targeting parameters for Orbit 
Insertion per Section 22. 0 .  If so desired, CSI targeting 
paramete r s  can also be entered at this time. 

16) If PGNCS is operative, proceed to step 1 8 .  If not, perform 
step 1 7 .  

1 7}  After gyro calibration is completed enter DEDA address 
400 + 40000 to return to lunar align mode. 

18) Enter appropriate octal values into DEDA addresses 5 14, 1 
5 1 5  and 5 1 6  if during orbit insertion the vehicle is to yaw 
to maintain S-band communication. These values must 
be obtained from Mission Control. Also enter 6 2 3  + 10000. 
If no yaw maneuver is r equired. i. e . , if the Z - body axis is 
to be parallel to the CSM orbit plane, then DEDA address 
623 should be set or verified at the value + 00000, 

19) Verify DEDA address 4 1 0  + 00000 for orbit insertion 
mode. 
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20) If AGS is  to be used for ' 'orbit inse rtion, " verify that the 
Guidance Control Switch is  in AGS position and the AGS 
Mode C ontrol Switch is in AUTO. 

2 1) Enter address 400 + 10000 within :1:4 minutes of the 
nominal lift off time. If lunar align was used, it is 
completed at this time. 

22) At liftoff time depress the "Abort Stage" button. This 
automatically initializes the staging sequence and fires 
the ascent engine . 

• 
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20. 0 ENGINE IGNITION 

This section describes the AGS procedures to follow for turning on 

the engine(s) in coasting flight or on the lunar surface, when the AGS 

actively controls the LM. AGS control during the abort staging sequence 

is also described. 

20. 1 DPS, RCS or APS Engine Selection 

The AEA assumes that translational thrust is applied in certain 

nominal directions. 

Engine Direction of Thrust As sumed by AEA 

DPS + X  -body axis direction 

APS Canted. Cant angle data is used by AEA to 

account for the canted thrust direction. 

RCS The ::I::X, ::Y, ::i:Z RCS translation engines are 

a s sumed to thrust along the :i:X, ::I:Y, ::z body 

axes, respectively. 

The nominal cant angle assumed by the AGS is controlled by two 

constants in the AEA program (DEDA acces s ible in octal). 

Cant angle (radians) of thrust vector in pitch plane. DEDA 
address 566. Positive sign indicates thrust vector is canted 
from the +X -body axis toward the direction of the +Z -body 
axis. 

Cant angle (radians) of thrust vector in the roll plane. DEDA 
addr e s s  602. Positive sign indicates thrust vector is canted 
from the +X -body axis toward the direction of the +Y -body 
axi s .  

DPS o r  APS misalignments less than 2 degrees with respect t o  the a s sumed 

thrust directions re sult in lateral cut-of£ velocity errors less than 3 fps. 

This type of error is sensed by the navigation guidance loop and conse 

quently can be removed by performing a tiV trim maneuver using axis -by

axis RCS thrusting {see Section 28. 0). 

Prior to in-orbit maneuvers, the flight crew chooses which trans - · 

lation engine( s) will be employed. The AGS must be instructed via the 



1 1 1 76-6033- TOOO 
Page 20-2 

DEDA of the decision to ignite the APS so that steering transients will 

not occur at the start of the burn. Prior to each AGS controlled orientation 

to the desired thrust attitude, the following DEDA selection should be set 

or verified: 

Entry +00000 DPS or RCS Selection 

DEDA Address 4 1 1  

Entry + 10000 APS Selection 

A s  indicated by Figure 20.  1,  regardle s s  of the above selection, the AEA 

as sumes the canted thrust direction whenever the APS ON discrete is 

received. Hence, at staging or lift -off from the lunar surface, an entry 

via DEDA address 4 1 1  is not required. Note,howeverf that if 4 1 1  + 10000 

is selected, and the DPS or RCS is used, the AEA will as sume canted 

thrust. 

At AGS sensed engine cut-off conditions, address 4 1 1  is set auto

matically to +00000 (see Section 2.  2).  

If only the RCS engines are to be used for all in-orbit maneuvers,  

address 4 1 1  need be verified +00000 only prior to the first RCS maneuver. 

Address 4 1 1  never switches automatically to +10000. 

AEA ASSUMES CANTED THRUST VECTOR I N  
STEERING EQUATIONS 

Figure 20. 1.  Canted Thrust Selection Logic 

STEERING 
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20. 2 Required Control Panel and DEDA Selections for Engine 

Ignition (AGS Control) 

Necessary Conditions for the AEA to Generate an Engine ON Signal 

Condition Control Position Remarks 

1 .  Guidance Control AGS R�moves follow-up sig-
nal to AGS. 

2 .  Mode Control Auto Transmits Auto dis -
crete to AGS. Removes 
AGS from A/H. 

3 .  a. Abort Depressed Enables Engine 
ON. 

b .  Abort Stage a .  Abort arms the 
DPS 

b. Abort Stage arms 
the APS 

4 .  DEDA Entry Ente r Enables Engine ON and 
400 + 1 0000 Guidance Steering 

The above conditions are sufficient 

1 )  for the AGS to assume control and orient the LM in accord 
with the selected guidance routine .  

2)  to  arm the appropriate engine . 

In order to effect DPS or APS engine ON, howeve r ,  additional conditions 

must be met. 

20. 3 Velocity-to- b e - Gained Checks 

For the Engine ON discrete signal to be issued to the CES by the 

guidance equations ,  at least one of the two following conditions must be 

satisfied. 



Condition 5 .  
� V Magnitude 

Condition 6 .  
X- Body Axis 
Component of 
�v. 
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The magnitude of the velocity -to-be-gained 
vector, as computed in the AEA, must exceed 
100 fps . (constant 4K26) 

The component {sign and magnitude ) of the 
velocity-to-be-gained vector (positive mea-
sure in the direction of the + X-body axis )  
must exceed the engine tail- off �V value {cur-
rently + 2 .  125 fps in the program) . This com-
ponent of velocity-to-be-gained is the projec-
tion of the velocity-to-be -gained vector on the 
X- body axis . 

The velocity-to -be-gained vector is computed by the selected guid

ance routine. Any guidance routine (address 4 1 0 )  other than TPI search 

(DEDA entry 4 1 0  + 30000 ) may be selected. The TPI search routine 

should be restricted to planning the TPI maneuve r (per Section 25 . 0 )  

because the computed rendezvous point i s  not fixed in inertial space. 

However, engine ignition should only be c ommanded when in the or bit inser

tion guidance routine (DEDA entry 4 1 0  + 00000) or the external 6V guidance 

routine (DEDA entry 4 1 0  + 50000). 

20. 4 Ullage for DPS or APS Ignition 

Before main engine ignition, the AGS must sense ullage. Ullage 

must be supplied manually with the Thrust/ Translation Controller As sembly 

or by depres sing the +X Translation button until main engine ignition. The 

precise condition governing the AEA recognition of succes sful ullage is 

given as follows: 

Condition 7 .  
Ullage 
Recognition 

The AEA recognizes ullage if and only if the 
sensed velocity change per two second com
pute cycle equals or exceeds 0. 2 fps in the 
+ X-body axis direction for 1K9 consecutive 
compute cycles. 

If the sensed velocity increment drops below 0. 2 fps in a two second 

compute cycle, the engine OFF command will be issued. Before the 

engine can be reignited, the ullage recognition condition must again be 

established and address 400 must be reset to + 10000. 
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During the powe red flight abort staging sequence, the s ens·ed velocity 

accumulated over any two second period will be well above 0.  2 fps; hence 

ullage is maintained and the AEA generates the engine ON signal without 

interruption. 

In order to prevent 1) a premature engine shutdown (during a critical 

phase) due to a momentary loss of ullage or 2) a delay in APS ignition 

during abort, NASA/MSC has recommended (Reference 8) that the ullage 

counter limit ( 1K9) be set to 0 (DEDA Entry 6 1 6  + OOOOOf after the start 

of powered descent_. The ullage counter should be reset to 6 1 6  + 00003 

(equivalent to 3 - 2 sec cycles) after orbit insertion has been completed. 

It can be seen that the time duration required to generate AEA 

ullage recognition, when 1K9 is set equal to 3 compute cycles, can vary 

between slightly over 4 seconds up to slightly over 6 seconds. The exact 

time duration depends upon when in the compute cycle ullage is initiated 

and to a lesser extent upon the thrust accele ration level. 

20. 5 Sufficient Conditions for DPS or APS Ignition 

The logical product of the seven conditions described above is 

sufficient to generate the AGS engine ON signal. Note that the chosen 

engine must be armed. Explicitly: 

To ignite the DPS, combined conditions l ,  2, 3a, 4, 5 and/or 
6 ,  7 are sufficient. 

To ignite the APS, combined conditions 1, 2, 3b, 4, 5 and/or 
6 ,  7 are sufficient. 

20.  6 DPS Variable Thrust 

The AGS will perform guidance properly for any DPS thrust level 

selection with the exception that in the Orbit Insertion routine 

1 )  sufficient thrust is required to overcome the net effect of 
g ravity and centrifugal accele rations 

2} thrust level changes should be avoided, if poss ible,  partie
ularly when near guidance engine cut-off (see Section 22) . 
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RCS translation can be employed with full AGS steering control. 

a )  E s tablish conditions 1, 2 and 4 in sufficient time for the 
LM to orient to the desired thrust ·attitude. 

Condition Control Position 

1 Guidance C ontrol AGS 

2 Mode C ontrol Auto 

4 DEDA addre s s  400 Entry +10000 

b) Select DEDA quantity 6.V X for read-out. (DEDA Address 
500) . 

g 

c) Set the ATT/ Translation switch to the desired number of � jets ( 2  or 4).  

d) At the maneuver time utilize the Thrust/ Translation Con
troller to perform the maneuve r. Null out the DEDA reading 
by moving the Thrust/ Translation Controller up. 

e )  �'/hen the 6 V g2C becomes less than 1 5 fps, set the MODE 
CONT TO A/H . 

f) When � V 
gX 

= 0, immediately reduce the thrust to zero. 

20. 8 Lunar Surface Liftoff 

Ullage i s  automatically generated on the lunar surface. Switch 

settings are 

Guidance C ontrol to ''AGS" 

Mode C ontrol in "Auto11 

AGS Subrnode Selector must be 

Address 400 Entry + 1 0000 (Guidance) 

AEA Guidance Routine must be 

Address 4 1 0  Entry +00000 (Orbit Insertion) 
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On the lunar surface, the orbit insertion guidance routine generates 

a large value of velocity-to -be -gained. 

Depress the Abort Stage button. The AGS issues the E /ON command 

igniting the APS engine and ascent to orbit insertion follows .  

20. 9 Manual Engine Ope ration 

In the event that a main engine is ignited manually by depression of 

the Engine Start button, then it can only be extinguished by depressing the 

Engine Stop button unless fuel depletion or staging occurs first. Activa

tion of either of these two pushbuttons,  as indicated by a red light in the 

button, will result in the AGS engine commands being inhibited from main 

engine control. 

THE AGS WILL NOT TERMINATE 
A MAIN E NGINE BURN IF THE 
E NGINE WAS IGN ITED BY DE
PRESSION OF THE E NG I NE START 
BUTTON .  

In the event that a main engine was ignited manually, the flight 

crew can monitor 6.V 
p;X via DEDA (address 500) quanitized at 0. 1 fps 

lunar mission or 1 fps for earth missions and depre s s  the Engine Stop 

button when 1,) V gX is near zero. (The Engine -Stop button will function � 
if the Abort Stage button is not set. ) 

20.  1 0  Satisfaction of Ullage Condition Due to Angular Accelerations 

The maximum distance between the ASA and the LM center of gravity 

is approximately 1 0  ft in the +X-body axis direction and 5 ft in the +Z-body 

axis direction. There is effectively no displacement in the Y direction. 

Because the ASA is offs et in the Z dir ection the possibility of angular 

accelerations about the pitch axis causing the ullage condition to be satis-
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field exists. (If ullage i s  sensed in the CSI mode, CDH mode, TPI modes ' 
or External 6. V mode, s07 will be set to f. ) The required angular accel

eration is slightly greater than i deg/ sec
2 

and must exist for a minimum 

of 1K9 consecutive 2- sec compute cycles .· 

IF All CONDITIONS FOR ENGINE IGNITION EXCEPT 

THE ULLAGE CONDITION ARE SATISFIED (SEE SECTION 

20 . 5) AND THE LM IS TO BE REORIENTED THROUGH A 

LARGE ANGLE UNDER AGS CONTROL, THEN THE 

ABORT OR ABORT STAGE BUTTON MUST NOT BE DE

PRESSED UNTJL LM REORIENTATION HAS OCCURRED 

I N  ORDER TO AVOID SENDING THE E/ON COMMAND. 



21.  0 THRUST TERM.INATION 

1 1 1 7 6 - 6033- TOOO 
Page 2 1 - 1 

In this section procedures for terminating thrusting maneuvers are 

presented and discussed. It should be noted for all thrusting maneuvers 

that the desired thrust direction becomes fixed in inertial space when 

the velocity-to-be -gained is less than 1 5  £ps (DEDA acces sible constant 

5K26) and ullage has been detected during the current 2 sec computing 

cycle. The desired thrust direction is fixed in order to avoid large 
attitude variations by the LM to achieve small velocity cutoff errors (as 

velocity-to-be-gained goes to zero}. 

2 1 .  1 APS or DPS Engines 

Termination of main engine thrust by the AGS is a wholly automatic 

process that occurs when the Engine OFF command is sent to the CES, 

provided the engine was not turned on manually (by depres sion of the 

Engine Start button).  With the AGS in control the Engine OFF command 

will be generated under any of the following conditions: 

1) Velocity-to -be -gained magnitude < 4K26 fps and the � 
component of the velocity -to-be -gained vector resolved � along the + X - body axis :5 4K25 fp s  (APStail-off�Vvalue ).  ,. 

2) Loss of ullage recognition {less than 0. 2 fps sensed 
velocity in a two second computer cycle). 

3) Address 400 does not contain the value +10000. 

An AGS guidance (engine) cut- off is initiated by 1 )  above; at the 

same time addre s s  400 is automatically set to +00000, attitude hold, and 

addre s s  4 1 1  is set to +00000. If Engine OFF command is  due to condition � 
2), addre s s  400 and 4 1 1  remain unchanged. 

2 1 .  2 Follow-up and Attitude Hold 

If the Guidance Control Switch is in "PGNS, " the AGS will continue ' 
to follow up the engine operation commands.  

If  the Mode C ontrol is switched to "A/H" during AGS controlled 

powered flight, the AGS will hold LM attitude. Engine ON will continue 

because the AEA is in an engine follow-up mode. The flight crew can 

assutne manual attitude control, with continued engine operation, by mov

ing the Attitude Controller (hand control) out of the detent (AGS will 

transmit zero steering signals at this time ). Thrust will not ter

minate unles s  accomplished manually. Upon returning the Attitude 
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Controller to the detent position and switching the Mode C ontrol back to 

"Auto", the AGS will re sume guidance control and terminate thrust when 

the velocity -to -be -gained conditions for engine cut-off are met. 

2 1 .  3 RCS Engines 

The following procedure applies to each axis individually if axis by 

axis translation i s  being performed (LM in attitude hold - see Section 28) 

or to the X -body axis if AGS steering is being employed (Section 20. 7). 

1 )  Monitor via the DEDA the velocity-to-be-gained in 
the appropriate thrust direction, i. e. , 

DEDA Least Significant Digit 

Quantity DEDA Add r e s s  Units Lunar Mission Earth Mission 

DV gX 5 00 fps o. 1 1 . 0 

DV gY 5 01 fps 0. 1 1 . 0 

6V g Z  5 02 fps o. l 1 . 0 

These quantities are computed every 40 msec and updated 
on the DEDA display every 1 /2 sec. 

2) T erminate thrust manually with the thrust/translation 
controller when velocity -to-be-gained (along the 
appropriate axis) equals zero. 

3) Cautionary Note on RCS Thrusting with AGS Steering 

At AGS controlled main engine cut- off, the LM is placed 
in Attitude hold at the time the Engine ON command is 
changed to an Engine OFF command. With RCS X axis 
thrusting, the same logic will switch the AGS to attitude hold ..41 ( addre s s  400 i s  switched to +00000} when t::.V gX :s 4K2.5 fps � 
only if the RCS burn has continued long enough (greater than 
1K9 2- sec intervals) for the ullage recognition s ignal to be 
generated in the AEA. Otherwise addre ss 400 will 
remain +I 0000 ( guidance steering). 

If the burn is too short for ullage recognition, or if thrusting 
along the Z body axis with s507 = 1 ,  then after the termination 
of thrust the AGS will o rient the LM along the direction of the 
residual t:. V vector. Since this could be any direction, the 
LM would probably begin an attitude maneuver at the maxi
mum allowable rate (up to 10  deg/ sec pitch rotation, 5 deg/ 
sec yaw and roll axes rotation) to align the +X-body along 

the r e sidual 6.V vector. 
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Before presenting a procedure for preventing post -burnout rotations 

subsequent to short RCS X -axis burns, another aspect of the guidance steering 

will be reviewed. As mentioned in Section 2. 1 ,  when the velocity -to -be 

gained is  less than 1 5  fps and the sensed thrust accele ration level in the 

+ X  -body axis direction is  greater than 0. 1 fps
2

, the AEA will cease 

updating the computation of the desired thrust direction. Hence if the 

velocity-to-be -gained during the RCS burn is  to be l e s s  than 1 5  fps, it can 

be seen that once the burn commences the AEA would normally adhere to 

a fixed desired thrust direction. 

The above discussion leads to the following procedure for perform

ing RCS burns of l e s s  than 1 5  fps magnitude when AGS steering is 

employed prior to the maneuver to orient the LM X -body axis in the 

desired thrust direction. 

1 )  Orient to the desired thrust  direction 

a) Guidance C ontrol "AGS" 

b) Mode C ontrol " Auto'' 

c) Verify DEDA entry 400 + l 0000 (Guidance Steering 
Submode) 

2) Monitor I)..V 
gX via DEDA 

Read addr e s s  500 

3) Immediately preceding the maneuver (within 1 0  seconds) 

Set Mode Control to A /H 

4)  Perform the maneuver with Thrust/ Translation Con
troller As sembly (not necessary to dep r e s s  Engine 
Stop button) 

5) Terminate RCS thrusting when 6. V gX = O. 

If the option to perform a Z -body axis RCS burn with the Z body 

oriented in the desired thrust dir ection is chosen ( DEDA Address 400 

+20000, DEDA Addr ess 5 0 7  + 1 0000) it is necessary to set the Mode Control 

Switch to A/H when the v elocity- to-be-gained along the Z - body axis ( DEDA 

Addr e s s  5 0 2 )  is less than 1 5 ft/ s ec .  This procedure will eliminate un

desired vehicle rotation after thrust termination. 
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PART IV - PROCEDURES FOR MANEUVERS 

2 2. 0 ORBIT INSERTION 

22,  1 Procedures for Using Orbit Insertion Routine 

1 )  Initial Guidance and Control Configuration 

I PGNCS in Control I 
a) Guidance Control in " PGNS" 

b) DEDA: Enter Guidance 
Steering 

Addre s s :  400 
Entry: + 10000 

c)  Other PGNCS c ontrol as 
required 

2 ) AGS: Select Orbit Insertion Routine I DEDA Address 4 1 0  

3 )  AGS Targeting 

Paraxneter Addr e s s  Entry 

Inj ection 232. 
Altitude ( 1 6J)  

Injection 465 
Altitude Rate, 
Lower Limit (23J) 

I 
Semi -Major Axis 224 
Targeting Term 
(7 J) 

Semi -Major Axis 2.25 
Lower Limit (8J) 

Semi -Major Axis 226 
Upper Limit (9J ) 

I 

AGS in Control 

a) Guidance Control in " AGS" 

b) Mode Control in " A /  H" 

c) DEDA: Enter Guidance 
Steering 

Addre s s :  400 
Entry: + 1 0000 

Entry + 00 000 

Remarks 

DEDA least significant digit 
1 00 ft, lunar mission 
1 000 ft, earth m i s s ion 

DEDA least significant digit 
0. 1 fps, lunar m i ssion 
1 . 0 fp s ,  earth m i s s ion 

DEDA ] east significant digit 
1 0 0  ft, lunar mi s sian 
1 0 0 0  ft, earth m.i s si an 

DEDA least significant digit 
1 0 0  ft, lunar mi s sian 
1000 ft, earth mi s sian 

DEDA least si gnificant digit 
100 ft, lunar mis sion 
1 000 ft, earth mi s s i on 



. 4) AGS: Select Engine( s) 

DEDA Addre s s  4 1 1  

5 )  AGS: Yaw Ste e ring Selection 
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Entry + 00000 {DPS or RCS) 

Entry + 1 0 0 0 0  ( APS) 

a) If Z body axis is to be oriented parallel to the CSM 
orbit plane verify or enter 623 +00000. 

b) If Z body axis is to be oriented parallel to a speci
fied plane enter 623 +10000 and verify or select 
the plane with DEDA entries 

Addre ss Octal Scaling De scription 

514 B1 X component of unit vector 
normal to specified plane 

5 1 5  B1 Y component of unit vector 
normal to specified plane 

5 1 6  B1 Z component of unit vector 
normal to specified plane 

6) Establish Guidance System Control For Maneuver 

r PGNCS in C ontrol I 
a) Mode C ontrol to "Auto" 

Perform normal PGNCS 
functions 

b) To abort, depress Abort 
or Abort Stage Button 

c)  To Switch-over to AGS -

(i) Guidance C ontrol 
to "AGS". 

(ii) Verify Abort or 
Abort Stage. 

I AGS in Control 

a) Mode Control to "Auto" 
(LM now orients to 
desired thrust attitude) 

b) Initiate and Complete 
Selected Thrust Sequence 
(See Section 20). 
Balance Couple Switch 
as Desired.* 

c)  TRIM Burnout Residual. 
At engine cut -off, the 
system enters attitude 
hold. If desired, at this 
time the balance couple 
switch can be set or 
verified ON and the 
re sidual burn velocities 
removed (See Section 28. 0). 

* -'
For liftoff from the lunar surface, it is re commended that the Balance 

J C ouple switch be on from liftoff until the pitch over maneuver is completed 
at approximately 1 8  seconds. 



7) After Maneuver 

a) B alance C ouple Switch ON 

b) Deadband Switch to MAX 
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c) Establish Desired Guidance and Control Configuration 
for Coasting Flight 

2 2 .  2 Altitude Update During Powered Descent 

AN ALTITUDE UPDATE SHOULD BE DONE TO I NSURE 
SAFE PERICYNTHION DURING AN AGS CONTROLLED 
ORBIT INSERTIO N .  

The c apability exists for the astronaut to manually update the mag

nitude of the AGS computed LM inertial r adius vector during power e d  

descent. This is accomplished by the astronaut entering valid altitude in

formation from the altitude tape meter or any other available means into 

DEDA addre s s  223 (DEDA least significant digit, 1 00 ft lunar m.i s sions. ) � 
The altitude update (z e r o i s  not a valid update) can be done anytime during 

powered de scent. The altitude update i s  implemented by first entering the 

de sired altitude in the DEDA addre s s  2 2 3 ;  when the altitude (as indicated 

by the altitude tape meter) becom.e s equal to the desired altitude, the ENTER 

button is depre s se d  and the LM position vector i s  norm.alized to the desired 

altitude. 

2 2.  3 Discussion 

The "orbit insertion" guidance mode has been designed to drive the � 
LM vehicle to a prescribed altitude above the moon with a specified value 

of altitude rate and a computed orbit apocynthion based upon the current 

LM - CSM Phase angle. In addition, steering in this m.ode i s  such that the 

LM i s  driven into the CSM orbit plane wi th an out of CSM orbit plane velo

city component of z e ro. 

Each steering channel (Y and Z) i s  a two degree of freedom loop, 

steering for desired position and desired velocity at engine cutoff. 

The equations have been designed to maintain the d erivative of accele ration 

(radial and out -of -plane) constant. B y  limiting the allowable range of the 
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de rivative of acceleration the desired turning rate of the LM is also 

limited, This has the effect that as the velocity-to-be- gained decreases 

the system concentrates more and more on attaining the targeted velocity 

conditions rather than the insertion position condition s .  The derivative � 
of radial acceleration is so limited that the AGS will never allow the LM 

to steer downward to a nominally targeted altitude below the LM altitude 

(it c an steer down to obtain desired velocity cutoff conditions) .  Whenever 

the derivative s of acceleration reach their limits the LM may not attain 

the targeted position at engine cutoff. 

0 
As nominally targeted, an out-of -CSM plane error of 0. 5 can be 

rern.oved for an abort from the lunar surface. If the abort occurs later 

in powered a s c ent or in the powered descent, l e s s  dispersion will be � 
removed. In the event there i s  more than 0. 5 ° out-of-CSM plane error, 

the orbit insertion mode will remove 0.  5 ° and the remainder can be 

removed with the CSI, PCI, CDH and TPI maneuver s .  The program i s  t 
normally set up this way because of the fuel efficiency achieved. The 

amount of out-of-plane errors removed in orbit insertion can be varied 

by changing DEDA a c c e s sible constants 5 K 1 6  (DEDA add r e s s  5 6 1 )  and � 
5 K 1 7  (DEDA add r e s s  6 0 1 ) .  

In some off-nominal abort situations it  may not b e  pos sible to 

achieve the desired orbital altitude prior to achieving desired velocity 

cutoff conditions. In these situations a new value of desired radial rate 

i s  computed in the AEA based upon the predicted burnout altitude. A plot 

of the function of this desired radial rate i s  shown in Figure 22. 1. If 

desired, the parameters of this function can be changed by DEDA entry 

of the constants 4K4, 4K5, 4K6 (DEDA addre s s e s  5 6 5 ,  662, 5 2 7  respec - � 
tively). The purpose of computing altitude rate in this manne r i s  to 

ensure that i f  cutoff altitude i s  low the LM will be on a r i s ing trajectory. 

At a later time when as cending through 60 K feet altitude, an appropriate 

small AV addition can be made to the orbit to insure a safe pericynthion 

by again using the Orbit Insertion r outine. 
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Figure 22. 1 .  Desired Final Altitude Rate versus Final Altitude 

22. 4 Abort in Very Early Powered Descent (Lunar Mis sion.) ¢ 
Powered descent is initiated under PGNCS control. The LM thrust � 

vector is oriented e s s entially opposite to the inertial velocity vector. LM 

velocity i s  initially lower than the O rbit Insertion targeted velocity, thus 

the Orbit Insertion velocity-to-b e - gained vector points e s sentially in the 

minus X- body axis direction (AV gX is negative). 

With 4K26 set to 7 0  fps (engine cutoff criteria for AV G when A V gX 
is negative),  the probability of an automatic cutoff due to thru$t vector 

misorientation is small. The following options are available for 

completing the Orbit Insertion portion of the abort: 

a)  The DPS may be manually shut down. After the vehicle sta
bilizes in the desired thrust direction, the DPS thrust lever 
is set for engine ignition and ullage i s  executed. After DPS 
ignition, the throttle should be advanced to 50% or greater 
to complete the Orbit Insertion maneuver .  

b)  The DPS may be allowed to  thrust at low acceleration ( 1 0%) 
while the vehicle is rotating. Once the vehicle thrust vector 
is oriented approximately in the desired direction the 
throttle should be advanced to 50o/o or greater. It will shut 
down after the Orbit Insertion maneuver is completed. 



c) 
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If the DPS has failed, the vehicle should be staged, oriented 
to the desired thrust direction and the insertion completed 
on the APS. 

For aborts throughout powered descent the basic policy in regard to 

throttling the descent engine for AGS is a s  follows: 

a) Use maximum thrust until altitude rate i s  positive. If the 
vehicle i s  not oriented in the desired thrust direction at the 
time of abort allow the vehicle to orient to the desired 
direction while maintaining the throttle setting that existed 
at the time of abort. After reorientation increase the 
throttle setting to obtain maximum thrust. If the pos sibility 
of lunar impact exists, maximum thrust should be com·
manded as soon as the thrust axis ori.ents above the local 
horizontal. 

b) After a po sitive altitude rate i s  achieved reduce the throttle 
setting to obtain SO% thrust. This setting has been chosed 
to minimize the transient when staging occurs and to assure 
sufficient thrust to overcome gravity. 

22. 5 Switch-Over to AGS in Very Late Powered Ascent 

Consider that the switch-over from the PGNCS to the AGS is delayed 

until the targeted veloc ity magnitude is achieved ( 5 5 3 0  fps) . Also, � 
consider that the actual trajectory i s  quite perturbed and that the AGS 

sensed altitude rate (or cross-plane velocity) is more than ±100 fps with 

respect to the targeted cut-off conditions. It can be seen that the LM will 

overshoot the desired cut-off velocity and begin a rotation to reverse its 

thrust direction without shutting off the engine. It is conceivable that 

APS propellant could be exhausted before the targeted orbit insertion 

conditions are achieved. 

In e s sence, if the LM is not 11on cour s e " ,  the velocity- to-be-gained 

vector will swing very rapidly as orbital speed is approached. The flight 

crew should initiate a switch-over early enough before reaching the speed 

of 5530 fps so that large attitude rate·s, prohibited by the CES, are not � 
necessary to acquire the proper powered flight traje ctory. 
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If the very late switch-over cannot b e  avoided, and the inertial 

velocity surpa s s e s  5 5 3 0  fps without engine cut- off, te rminate APS ' 
thrusting. The AGS will rotate and s tabilize the LM attitude in the proper 

orientation to continue the orbit inse rtion maneuver. Then, complete 

the maneuver with RCS thrusting (monitoring � V 
X which goes to zero) g 

or re set the Abort Stage button, allowing APS ignition, manually com- � 
mence ullage, receive an AGS On command, and complete the maneuver 

automati cally with the APS. 

Notice that the basic situation causing the events noted in 22. 4 also � 
cause s  those discussed immediately above . At switch-over to the AGS, 

velocity-to-be-gained is small and the LM i s  pointing gros sly in the wrong 

direction for driving I:::J.V directly to zero. However ,  since the LM speed 

is e s sentially orbital, the crew can perform the corrective actions 

discussed above without undue haste, except where vital propellant 

expenditure is  concerned. 

22. 6 Steering 

In the guidance steering selection, the LM orients so that the LM 
thrust vector lies along the desired thrust vector. For a discussion, see 

Section 1 0. 2. 

22.  7_ Pitch Profile (Lunar Mission) 

The steering equations are so de signed that if the LM altitude above 

the launch site is les s  than 2 5 , 000 feet (constant 21J,  DEDA addre s s  233)  

and altitude rate is  le s s  than 50 fps (constant 22J, DEDA addr e s s  464} 

the vehicle will thrust in the vertical direction. After liftoff from the 

lunar surface ,  50 fps altitude rate is exceeded at approximately 12 seconds. 

At this time, the normal pitch steering profile begins (pitch-over) . 

In the orbit insertion routine, the LM comm_anded attitude depends 

upon the thrust acceleration level. During DPS operations, once the 

vertical thrusting pha se is  executed, the thrust control lever should be 

set and then left alone until cutoff or staging occurs. The Orbit Insertion 

routine as sume s a constant propellant flow rate in the computation of 

time -to-go- to-maneuver completion. Changing the thrust level setting 

cause s  the AGS to change the LM' s pitch attitude to account for the newly 

sensed value of accele ration. 
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Afte r staging, s ome change in attitude can be expected, The LM 

attitude will stabilize above the horizon about 5 to 1 5  degrees highe r ,  

depending on what �V remains t o  be gained and the relative value s o f  the 

DPS and APS thrust level at staging. Part of the increased pitch angle 

is due to accounting for the canted APS thrust. 

During powered ascent (from the lunar surface or abort from 

powe red de s cent) the thrust level should exceed by a factor of at least 

two the net value of the g r avitational force minus the centrifugal force. 

At very slow speeds (near the lunar surface) the centr ifugal force is 

almost zero ; the thrust accele ration level should exceed 1 0  fps 2• At near 

orbital speeds, the DPS thrust level can be l e s s ,  but a safe rule of thumb 
2 would be to maintain a sensed acceleration of at least 1 0  fps • 

It is important to note that the Orbit Insertion routine is targ eted 

for variable velocity conditions at cut-off. Any post-orbit inj e ction A V 

trim maneuver should be performed immediately (unles s  the targeted 

values are revised) and with sufficient thrus t acceleration to achieve the 

ta rg eted valu e s .  It is recommended that r e s iduals not be nulled unless 

they exceed 5 fp s .  

2 2 .  8 Plots o f  the AGS Ascent Trajectory 

Figures 22. 2 through 22. 5 are typical plots of altitude, altitude 

rate, out -of-plane po sition and out-of -plane velocity r e spectively for an 

AGS controlled launch from the lunar surface. Initial out-of -CSM plane 

displacement a s sumed for these plots is - 24, 000 feet. Targeting conditions 

for this simulated run were 60, 000 ft altitude, 19 .  5 fps altitude rate and ' 
5 5 1 0. 2 fps horizontal velocity. At 1 2  seconds into the flight the pitch 

profile changes from vertical rise to normal pitch steering. This is 

discussed in Section 2 2 .  7.  
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Figure 22. 2. Altitude versus Time for Lunar Surface Abort 
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Figure 22. 6 .  Pitch Angle versus Time for Lunar Surface Abort 
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23. 0 CSI 
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23. 1 Procedures For Using CSI Routine 

1 )  Initial Guidance and Control C onfiguration 

I PGNCS in C ontrol I AGS in C ontrol 

a) Guidance C ontrol in 1 1PGNS11 

b) DEDA: Enter Guidance 
Steering 

Address:  
Entry: 

400 
+ 1 0000 

c)  Other PGNCS Controls as 
required. 

2) AGS: Select CSI Routine 

DEDA Addre s s  4 1 0  

a) Guidance C ontrol in 11AGS11 

b) Mode C ontrol in 11A /H" 

c)  DEDA: Enter Guidance 
Steering 

Addre s s :  
Entry: 

Entry + 1 0000 

400 
+ 1 0000 

Note: A valid CSI solution should not be 
attempted earlier than 1 3 6  minutes 
prior to t. A' lg 

3) CSI Targeting 

Parameter Address Entry Reme?-rks 

CSI Time 373 Absolute timt� of CSI; DEDA 
least significant digit 0, 1 minute 

TPI Timt:� 275 Absolute time of nomin.:tl TPI; 
DEOA least sign\ficant digit 
0,  1 minute 

Cotangent o£ 605 Cotangent of Line- of- sight angle 
Line-of-Sight to CSM. Limit between cot zoo 
Angle at TPI and cot 70°. Scaled at B7. 

28J2 451 +00000 Out- of-plane velocity-to-be -
gained in CSI maneuver (not 
automatically zero) 

(c ontinued on next page) 



Parameter Address 

Select Half 41 6 
Orbital Period 
Transfers 
(One of these 
two entrles 
ffillst be made ) 

4) AGS: Select Engine( s )  

DEDA Addres s  4 1 1  

Entry 

+ 1 0 0 0 0  

+30000 
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Remarks 

Select CDH transfer at on e. - half 
orbital period following CSI 

Select CDH transfer at three-
halves orbital period following 
CSI 

Entry +00000 (DPS or RCS) 

Entry + 1 0000 (APS) 

5 )  AGS: Yaw Steer ing Selection 

a )  If Z body axis is to be or iented parallel to the CSM or bit 
plane verify or enter 623 +0000 0 .  

b )  If Z body axis is to be or iented parallel to a spec ified plane 
enter 623 +i 0000 and ver ify or select the plane with DEDA 
entries 

Addres s  Octal Scaling De scr iption 

5 14 B 1  X component of unit vector 
normal to spec ified plane 

5 1 5  B 1  Y component of unit vector 
normal to specified plane 

5 16 B 1  Z component of unit vector 
normal to specified plane 

6 )  Events Timer 

a) Readot:lt DEDA addre s s  3 1 0  (minutes,  quantized at 
O. 0 1  minute), the time to go till the CSI Tnaneuve r (T .6.). 

b) Set the events timer to this value. Begin count 
down to CSI. 
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7) CSI Solution Checks 

The follo·..ving quantiti e s  can b e  r eadout via DEDA to indicate the ' 
characteristics of the mc..neuver. 

Quantization 
Equation Units Addr e s s  D e s c ription 
Symbol 

�VG 

28Jl 

�r 

TAO 

a
f 

v pO 

. 
rA 

o r  

Lunar Earth 
Mis sion Mis sion 

o. 1 1 . 0  fps 2 6 7  Total velocity-to- be- gained 
magnitude in CSI maneuver 
(will not contain out- of-plane 
velocity component until 
Z8J2 i s  entered. ) 

o .  1 1 . 0  fps 450 Downrange velocity-to-be-
gained in qsr maneuver 

0 .  1 0 .  1 nmj 402 Differential altitude in 
coelliptic orbit 

o.  1 o .  1 min 372 Time from CSI to CDH 

0. 0 1  0 . 0 1  deg 303 LM to CSM Phase Angle at 
CSI time 

o. 1 1 . 0  fps 3 7 1  Velocity- to- be- gained in 
CDH maneuver 

o. 1 1 . 0  fps 477 LM altitude rate at CSI time 

(). 1 0.  1 nrn:i 3 1 4  Differential orbital altitude 
along LM radial at C SI time 

If any of these quantitie s  are unsatisfactory 
(See Section 2 3 .  5) proceed to Section 2 3 .  2 .  

8) Establish Guidance System Configuration for CSI Maneuver 

a) Enter into add r e s s  4 1 0  + 50000.  The AGS i s  now in the � 
Exte rnal � V guidance mode. The procedure for executing 
an External .6 V maneuver can b e  found in Section 27.  If 
an axis-by-axis �V maneuver i s  desi red, refer to the 
p rocedures of Section 28.  

b) The downrange and radial components a r e  automatically 
entered by the flight program and may b e  verified by 
r eading out addresses  450 and 452,  r e sp ectively. Since 
this i s  a horizontal burn, address 452 will be zero. 
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9) If a CSI out- of-plane mc-,neuver to reduce the wedge angle between 
LM and CSM orbit planes i s  desired, proceed with the following 
steps. If a normal CSI maneuver (parallel to the CSM orbit plane) 
i s  desired, set 4 5 1  + 00000 and proceed to execute the CSI 
maneuver. 

E stablish CSI out- of- plane guidance 

a) Read out address 2 63 via DE:DA. This is the value of 
Ypy which i s  quantized at 0 .  1 fps lunar scaling ( 1 .  0 fps 
earth scaling). Vpy is the out- of- CSM plane velocity of 
the LM at the time of the CSI maneuver. 

b) This value, o r  a fraction of it, is then entered via DEDA 
into address 4 5 1  quantized at 0. 1 fps lunar scaling ( l .  0 fp s 
earth scaling) . This sets up the c rossrange component 
for an exte rnal b. V ma11euver at CSI time. The sign of the 
quantity entered in 4 5 1  should be the same as  that readout 
in address 263. 

Note: If V y as obtained in step (a) i s  zero, thi s out- of
plarfe burn · v ill b e  identical to the normHl in- plane 
bu.rn. 

ALL CSI MANEUVERS WILL BE PERFORMED I N  THE 

EXTERNAL t:N MODE (DEDA ENTRY 410 + 50000).  

IT I S  SUGGESTED T HAT THE EXTERNAL l::N MODE 

NOT BE ENTERED UNTIL 4 OR 5 MINUTES PRIOR 

TO t. 
A

· THIS WOULD ALLOW MONITORING OF CSI 19 
PARAME TERS. (EARLY SWITCH I NG W I L L  NOT I N -

VALI DATE THE CSI SOLUTION) * 

1 0) After CSI Maneuver 

a )  Balance Couple Switch ON. 

b )  Deadband Switch to MAX. 

c )  Enter via DEDA address 4 1 0  + 20000 (CDH guidance 
mode). 

d )  Monitor the time to g o  to CDH maneuver via DEDA 
address 3 1 0  (quantized at 0. 01 minute for earth or 
lunar mission). 

*If radar data is entered into the AEA after switching to the External 6 V t 
mode o r  a navigation update i s  made, the CSl mt"lde (D EDA entry 4 1 0  
+ lOQOO) should b e  reentered and a new CSl solution computed. 



T H I S  QUANTITY IS O N LY VALID WHEN TIME 

TO GO IS LESS THAN 136 MINUTES. 
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e )  Set Events timer based upon DEDA readout for count
down to CDH. 

f) E s tablish Desired Guidance and Control Configuration 
for coasting flight . 

g)  This terminates the CSI procedure. 

23.  2 In the Event of an Unsati sfacto ry Solution 

or 

A. 1 Request new targeting from .M i s sion Control and enter � 
per Step ( 3 ) .  

A .  2 Proceed to Step ( 6) . � 

B. 1 G enerate a n-ew T PI time to get a desirable solution and 
enter p e r  Step (3).  If lighting i s  an important consider
ation in the rendezvous a good first gues s  for a new 
value of TPI time would be the present value of TPI 
time plus 1 2 5  minute s  (lunar mis sion) . This means the 
TPI would occur approxim2.tely 1 orbit later than 
origin:-�.lly programn1.cd. 

B . 2  Proceed to Step (6 ) .  

23.  3 Discussion 

The CS£ maneuver i s  a burn perform.·�d along the local horizontal 

parallel to the CSM orbit plane for the normal in- plane option. The CSI 

out- of-plane option r esults in a burn which ma.y not be parallel to the 

CSM orbit plane. The purpose of the rnc-tneuver is to create the correct 

phasing between the LM and CSM such that following the coelliptic maneu

ver ( CDH) the desired line of sight angle between LM and CSM will b e  

achieved at nomin-al TPI time.. 

This flight program (FP6) has the feature that CDH follows CSI by 

one- half or three-halves of a LM orbital pe'riod. 

A valid CSI computation should not be attempted earlier than 

1 3 6  minutes before tigA due to computer scaling lim.Hations on T t::.• 
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Targeting for this maneuver i s  criticaL That i s, the phasing 

between the LM and CSM at CSI time should be such that physically 

realizable solutions can be obtained. For example, if the CSM is above 

and far ahead of the LM the computed s olution could be a retrograde 

maneuver that would pos sibly force pericynthion of the transfer orbit to 

be lower than 11 safe pericynthion". On the other hand if the LM i s  far 

ahead of the CSM the re sultant LM trajectory would be one with apocynthion 

much higher than the CSM. Sub s equent maneuvers by the LM to achieve 

rendezvous would be costly as far a s  fuel i s  concerned. 

The line of sight angle i s  measured from the LM local horizontal 

plane. The targeted (DEDA input) line of sight angle i s  always input a s  

the cotangent of the angle between 2 0  degrees and 7 0  degrees. In the TPI � 
mode( s ) ,  the actual line of sight angle can be monitored via the D EDA. 

For purpos e s  of this readout the line of sight angle has a range of 0 degree 

to 360 degrees. The angle convention is as follows: 

LM/ CSM Phasing 

CSM ahead and above LM 

CSM behind and above LM 

CSM behind and below LM 

CSM ahead and below LM 

23. 4 Reasonableness of Solutions 

Line of Sight Readout (8Los> 

0 degree to 90 degrees 

90 degrees to 180 degrees 

180 degrees to 2 70 degrees 

270 degrees to 360 degrees 

After the CSI s olution has been obtained, several quantities can be 
� 

exam:ined to determine the rea sonablene s s  of the r esultant s oluti on. These 

quantities are: 

(D EDA Address 267 
quantized at 0. 1 fps 
for lunar m:i ssions, 
1 .  0 fps for ea rth 
mi s sions) 

(DEDA Add r e s s  477, 
quantized at 0. 1 fps 
for lunar mi s sions, 
1 .  0 fps for earth 
missions) 

total velocity-to-be - gained magnitude 
in the CSI maneuve r. (Will not con
tain out- of-plane velocity component 
until 28J2 is entered. ) Limits on 
this magnitude are mission dependent. 

LM altitude rate at CSI time. Limits ), 
on this n1agnitude are rnission � 
dependent. 



A r  

28J1 

o r  

(DEDA Address 371,  
quantized at 0.  1 fps 
for lunar mi s sions, 
1 .  0 fps for earth 
missions) 

(D EDA Addre ss 372 
quanti zed at 0. 1 min) 

(DEDA Address 402, 
quanti zed at 0. 1 nmi 
for lunar mis sions 
and earth mi s sions) 

(DEDA Address 450 
quantized at 0. 1 fps 
for lunar missions, 
1 .  0 fps for ea rth 
mi s sions) 

(DEDA Address 303, 
quantized at 0,  01 deg 
for lunar mis sions a 
and earth mi ssions) 

(D EDA Address 3 1 4, 
quantized at 0 .  1 mni 
for lunar mi s sions 
and earth missions) 

23.  5 Plane Change Maneuver (PCI) 
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P r edicted velocity- to-be- gained at 
CDH time to make LM orbit coellip
ti c wlth CSM orbit, Limit on the 
magnitude of this maneuver is 
nri s sion dependent. 

time from CSI to CDH. This 
quantity should be approximately 
60 or 180 minutes. 

P redicted differential altitude at CDH 
in coelliptic orbit (negative quantity 
indicates LM higher than CSM). 

Downrange velocity-to-be- gained in 
the CSI maneuver.  Limits on thi s 
magnitude are mission dependent. If 
thi s quantity i s  of negative sign the 
maneuver will b e  performed in a 
retrograde manner, in general 
decreasing pericynthi.on of the orbit. 

LM to CSM pha se angles at CSI 
time.  Limits on this magnitude 
are mission dependent. 

Differential o rbital altitude along LM 
radial at CSI time. 

The purpo se of a plane change maneuver (PC!) is to create a node 

at any desired time. A node is defined as that point at which a desired 

orbital plane crosses the actual orbital plane. A node i s  c reated by r e 

moving the out-of - plane velocity at a point 90
° before the desired nodal 

point. At the nodal point, another out-of-plane thrusting maneuver is 

done to cause the two orbital planes to become coplanar. It i s  recom

mended that the CSI Routine be used to compute the required out-of-plane 

velocities.  In order to do this, it is necessary to specify the absolute 

time of the out-of-plane m aneuver. For PC! targeting consideration, 

t. A will represent this time. The following procedure can be used to 
lg 

perform the plane change (PCI) maneuver. 
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1 )  Initial Guidance and Control Configuration 

PGNCS in Control 

a) Guidance Control in n PGNS'1 

b) DEDA: Enter Guidance 
Steering 

Addr e s s :  400 
Entry: +10000 

c) Other PGNCS Controls as 
required. 

2) AGS: Sele c t  CSI Routine 

DEDA Address 4 1 0  

3) PCI Targeting 

Parameter Addr e s s  Entry 

PCI Time 373 

4) Events Timt3r 

AGS in Control 

a) Guidance Control in 11 AGS11 

b) Mode Control ih "A/H" 

c)  DEDA: Enter Guidan,ce 
Stee ring 

Addr e s s :  400 
Entry: +1 0000 

Entry + 10000 

Remarks 

Absolute time of PCI; DEDA 
least significant digit 0. 1 
minute. 

a) Readout DEDA addr e s s  3 1 0  (minute s, quantized at 
0. 01  minute ) ,  the time to go till the PCI maneuver 
(TA). 

b)  Set  the events time r to  this value . Begin countdown 
to PC!. 



5) Establish PCI Out- of-Plane Guidance 
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a) Ent e r  into address 4 1 0  + 50000.  The AGS i s  now in the 
External b. V guidance mode. The procedure for executing 
an Extern'll b. V maneuver can be found in Section 27.  If 
an axis-by-axis L:::.V maneuver i s  desired, refer t o  the 
procedures of Section 2 8 .  

b) Readout addre s s  2 6 3  v.ia DEDA (this i s  the out- of- CSM 
plane velocity of the LM at the time of the PCI maneuver) . 
The value of Vpy 

i s  enter via D EDA into addre s s  451 
(quantized at 0.  1 fps lun3.r s caling 1 .  0 fps earth scaling) . 
This sets up the eros srange component for an external 
D. V maneuver at PC! time. The sign of the quantity entered 
in 451  should be the samt� as that read out in address 2 63.  
Set the downrange and radial velocity components (D EDA 
addre s s e s  450 and 452, respectively) to zero. 

6) After PCI Maneuver 

a) Balance Couple Switch ON. 

b) D eadband Switch to MAX. 

c) E stabli sh Desired Guidance and Control Configuration 
for coasting flight. 

d) This te rmina.te s  the PCI procedure. 
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24. 0 CDH 

24. 1 Procedures For U sing CDH Routine 

1 )  Initial Guidance and Control C onfiguration 

I PGNCS in C ontrol I 
a) Guidance C ontrol in 1 1PGNS11 

b) DEDA: Enter Guidance 
Steering 

Add r e s s :  400 

Entry: + 1 0000 

c) Other PGNCS controls as 
required 

I AGS in C ontrol 

a) Guidance Control in "AGS" 

b) Mode Control in "A /H" 

c)  DEDA: Enter Guidance 
Stee ring 

Add re s s :  400 

Entry: + 1 0000 

2) AGS: Select CDH Routine 

I DEDA Addr e s s  4 1 0  Entry + 20000 

3) AGS Targeting 

a) CSI computed m aneuver performed immediately prior to 
CDH selection. 

* 
No Targeting Required 

b) Otherwise, after s electing CDH routine, enter AGS 
absolute time of CDH maneuver tigB (information from 
Mission Control ).  

DEDA Add r e s s  373 Enter CDH time, in Minutes;  
DEDA least  s ignificant digit 
0 ,  1 minute 

>'< ' The out-of-plane velocity - to-be - gained in the CDH maneuver (28J2)  
should be set to zero (DEDA entry 451 + 000�0)  after entering the CDH 
routine. 
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4) AGS: Select Engines 

DEDA Addre s s  4 1 1  Entry +00000 (DPS o r  RCS) 

Entry + 1 0000 (APS) 

5 )  AGS: Yaw Steer ing Selection 

a) If Z -body axis is to be oriented parallel to the CSM 
orbit plane verify or enter 623 +00000.  

b) If Z -body axis is  to be oriented parallel to a spe cified 
plane enter 623 + 1 0000 and verify or s elect the plane 
with DEDA ent r i e s .  

Addr ess  Octal Scaling Description 

5 1 4  B 1  X component of unit vector 
normal to specified plane 

5 1 5  B 1  Y component of unit vector 
normal to specified plane 

5 1 6  B i  Z component of unit vector 
normal to specified plane 

6) Events Timer 

a) Readout DEDA addre s s  3 10 (minute s ,  quantized at 
0. 0 1  minute) ,  time-to-go-to CDH maneuver. 

b) Set events timer to this value. 

7 )  CDH Solution Checks 

The following quantiti e s  can be readout via DEDA to indicate the 

characteristics of the maneuver. 

Quantization and Units 
Equation DEDA (lunar (earth 

Symbol Addr e s s  mi ssion) mission) Description 

TA 3 10 0 .  0 1  min 0. 01 min time to go until CDH maneuver 

rf 423 0. 1 ft/ sec 1. 0 ft/ s e c  de sired final value of altitude 
rate at CDH time 



Quantization and Units 
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Equation DEDA (lunar (lunar 
Symbol Addre s s  mission) mission) Desc ription 

.6.V
G 267 0. 1 ft/sec 1 .  0 ft/sec total velocity- to- be -gained 

magnitude in CDH maneuver 
(Not valid until the External .6. V 
mode has been entered. (Will not 
contain out- of-plane velocity 
componentuntil 28J2 i s  entered.·  

.6.r 402 o. 1 nmi 0,  1 nmi diffe rential altitude between 
coelliptic orbits . 

477 0. 1 fps 1 .  0 fps altitude rate of LM at time rA of CDH 

28J1 450 0 .  1 fps 1 .  0 fps downrange velocity- to- be -
gained in CDH maneuver 

28J3 452 0. 1 fps 1 .  0 fps radial velocity -to-be -gained 
in CDH maneuver 

8) Establish 6uidance System Configuration � 
for CDH Maneuver 

a)  Ente r into address 4 1 0  + 50000. The AGS i s  now in the ' 
External D.V guidance mode. The procedure for executing 
an External D.V maneuver can be found in Section 27. If 
an axis by axis rnaneuve r is desired, refer to the proce-
dures of Section 28. 

b)  The downrange and radial components are automatically 
entered by the flight program and may be verified by 
reading out addres s e s  450 and 4 5 2 ,  respectively, 

9) If a CDH out-of-plane maneuver to reduce the wedge angle between t 
LM and CSM orbit plane s is desired, proceed with the following 
steps. If a normal in-plane CDH maneuver is desired, set 4 5 1  
+ 00000 and proceed to execute the CDH maneuver. 

a) Read out addre s s  263 via DEDA. This is the value of t V PY which i s  quanti zed at 0. 1 fps lunar s c aling ( 1 fps 
ea rth s c aling}. Vpy is the out-o£-CSM plane velocity 
of the LM at nominal CDH time. 
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b )  This value, o r  a fraction o f  it, i s  then entered via DEDA 
into address 4 5 1  quantized at 0, 1 fps lunar s caling {1 fps 
earth scaling). This sets up the cross range component 
for an External D.V maneuver at CDH time, The sign of 
the quantity entered in 45 1 should be the same as that 
readout in addre s s  263, 

NOTE: If V PY as obtained in step {a) i s  zero, this out-of-plane 
burn will be identical to the normal in-plane burn, 

All CDH MANEUVERS W I L L  BE PERFORMED IN TH E EXTERNAL D.V MODE 
(DEDA ENTRY 4 1 0  + 50000) . I T  I S  SUGGESTED THAT THE EXTERNAL D.V 
MODE NOT BE ENTERED UNT I L 4  OR 5 MINUTES PRIOR TO ti B . THIS 
WOULD ALLOW MONITORING OF CDH PARAMETERS. (EARL� SWITCHING 
WILL NOT INVALIDATE THE CDH SOLUTION) . *  

1 0 )  After Maneuver 

a) Balance Couple Switch ON 

b )  Deadband Switch to MAX 

c )  Establish Desired Guidance and Control Configuration 
for coasting flight. 

24, 2 Discussion 

The 11CDH" maneuve r is used to place the LM in a trajectory such 

that the differential altitude between the CSM and LM orbits is e s sentially 

a constant. If the CDH maneuver follows the CSI maneuver,  no targeting 

inputs are required. Othe rwise,  the time of the maneuver must be 

entered. Prior to the targeted time of CDH, the AGS predicts the maneu

ver. When real time exceeds the targeted time, howeve r,  the system 

computes the guidance solution on a real time basis. 

The CDH maneuver is a burn performed parallel to the CSM orbit 

plane when the normal in-plane option is used. 

It is important to note: 

a) Following the CSI maneuver ,  if CDH is selected prior 
to receiving a CSM or LM navigation update, then no 
CDH targeting is required, 

�:'If radar data is entered into the AEA after switching to the External D.V � 
mode o r  a navigation update i s  made, the CDH mode (DEDA entry 
4 1 0  + 20000) should be reentered and a new CDH solution computed, 
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b) I£ the CSI maneuver does not precede the CDH maneuver, 
then the AGS absolute time of the CDH maneuver must be 
inserted via DEDA addre s s  373 (quantized at 0. 1 minute). 

c) I£ the CDH maneuver time ti�B is greater than 1 3 6  minutes 
from the present time, a vahd CDH solution will not be 
obtained due to computer ove rflow of T t::.· Note that this 
may occur if the CDH solution is to be performed three- � 
halves o rbital periods following CSI. A valid solution ,. 
will be obtained, however, when absolute time (t) is 
within 136 minutes of t. B' tg 



25. 0 TPI 
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The terminal phase initiate (TPI) maneuver begins the direct trans

fer to rendezvous. There are two direct transfer routine s ;  one primarily 

for mission planning, the other for computing the maneuver .  The latter 

can also be used for mis sion planning if desired. In general, the routines 

are used together in sequence to compute the required TPI maneuver. 

In the mission planning mode the object is to determine when the 

direct transfer s hould occur. This determination is based upon either 

achieving the desired line -of- sight angle between the LM and CSM or 

finding the minimum (acceptable) fuel rendezvous .  Once the ignition time 

is determined, the AGS is switched to the TPI Execute mode to 

freeze the solution and then to External � V for the performance of the 

maneuver .  

2 5 .  1 Procedures for Using TPI Routine s 

1 )  Initial Guidance and Control Configuration 

I PGNCS in Control I 
a) Guidance Control 

in " PGNS" 

b) DEDA: Enter 
Guidance Steering 

Addre s s :  400 

Entry: + 1 0 000 

c )  Othe r P G  NCS controls 
as required 

I AGS in Control 

a) Guidance Control 
in 11AGS" 

b) Mode Control 
in "A/H11  

c )  DEDA: Enter 
Guidance Stee r ing 

Address:  400 

Entry: +1 0000 



1 1 1 76- 6033- TOOO 
Page 2 5 - 2  

2) TPI Search Procedure 

a} Select TPI Search Routine 

I DEDA Addr e s s  4 1 0  Entry +30000 

b) TPI Search Time Increment Input 

Paramete r  Addre s s  Entry Remarks 

Time to Go 3 1 0 Fixed time from "now" to TPI: 
to TPI, T6 DEDA least significant digit 

0. 0 1  minute 

Note: Time-to-go-to-TPI, address 3 1 0 ,  must be entered after 
TPI Search Routine, entry 4 1 0  + 30000. Otherwise the 
entry is lost. A valid TPI solution should not be 
attempted earlier than 1 36 minute s prior to 
targeted rendezvous time . ( Targeted rendezvous 
time equals 6J + T6 . )  

3) Targeting for Direct Transfer 

Parameter Addre s s  Entry Remarks 

Time Duration 307 TPI t o  Rendezvous, transfer 
of Transfer, time in minutes.  DEDA least 

6J significant digit 0. 01 min, 

4) Search Procedure; Line -of-Sight Angle Search 

a) Readout line-of-sight angle via DEDA. 

Line- of-Sight Add r e s s  30 3 Read SLOS• degre e s .  DEDA least 
Angle, e LOS significant digit 0 .  0 1  deg 

b)  Select TPI Execute Routine when eLOS achieves desired ,41 value (known to flight crew). Time of TPI (t. C
) is now ,. selected. lg 

TPI Execute Routine 

DEDA Address 4 1 0  Entry +40000 

c) Set Events Timer 

DEDA Addre s s  3 10 Readout Time-to-go to TPI 

Set Event Timer to Corre spond to Time-to-go. 

d) Go to Step 6 ) .  



5 )  TPI Execute Procedure 

a)  Select TPI Execute Routine 

I DEDA Address 4 1 0  Entry +40000 
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b) TPI Execute: AGS Time Entry 

Parameter Addre s s Entry Remarks 

Targeted Time 373 AGS abs olute time of TPI 
of TPI burn, burn, minutes .  DEDA least 
tigC s ignificant digit 0. l minutes 

6) Select Node 

Enter or verify via DEDA Add r e s s  306 the time increment prior to � 
r endezvous at which the node is to oc c u r .  This tim e ,  4J, should be a 

positive number quantized at 0. 01 minutes. 

7)  Check the TPI Solution 

Lunar Earth 
Mission Mission 

Equation DEDA Quanti- Quanti-
Symbol Address zation zation Units Desc ription 

T 3 1 1  0.  01  0 .  0 1  min time to rendezvous r 

8
LOS 3 0 3  0 .  0 1  0. 01  deg line of sight angle 

between LM and 
CSM 

b.V
G 267 0 .  1 1 . 0  fps velocity-to-be-

gained in initial 
maneuver 

V
T 3 7 1  0 .  1 1 . 0 fps total velocity-to -be -

gained magnitude to 
rendezvous (onlyvalid 
if 4J = 0 ,  i .  e .  , node 
occurs at rendezvous) 

q 1cl 402 0. l 0.  l nmi transfer orbit 
pe ric ynthion 

t .  c 37 3  0.  l 0 .  1 min AGS time of lg 
TPI 



Lunar 
Mission 

Earth 
Mission 
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Equation DEDA Quanti- Quant i -
Symbol Addr ess  zation zation Units De sc ription 

Ttl. 3 1 0  0 . 0 1  0 . 0 1  min Time -to -go -to-TPI 

4J 306 0 . 0 1  0 . 0 1  min Time increment prior 
to nominal rendezvous 
time at which the 
nodal eros sing i s  to 
occur . 

3J 3 1 2  0 . 0 1 0 . 01  min TPI rendezvous off-
set time 

6J 307 0 . 01  0 . 01  min Transfer time from 
TPI to rendezvous . 

lf DEDA address 3 7 1  reads 6000 the p iterator has not converged to 

a valid solution. In this situation the rendezvous problem should be retar

geted. The best way to proceed (assuming no targeting data available from 

the earth) would be to change the time to rende zvous by entering a new 

value into DEDA address 307. 

8) AGS: Establish Desired Steering 

If thrusting is to be performed with the Z body axis in the desired 

thrust direction perform the following steps. If not go to Step 9 .  

a) DEDA ENTRY 

507 + 10000 

400 + 20000 

b) Go to step 10.  

9 )  AGS: Yaw Steer ing Selection 

REMARKS 

Specifies Z body axis to 
be aligned a long desired 
thrust direction 

Specifies Z body axis 
steering 

a) If Z body axis is to be oriented parallel to the CSM orbit 
plane verify or enter 62 3 +00000. 

b) If Z body axis is to be oriented parallel to a specified plane 
enter 6 2 3  + 1 0000 and verify or select the plane with DEDA 
entries. 



Address Octal Scaling 

5 1 4  B l  

5 1 5  B l  

5 1 6  B l  

Description 
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X component of unit 
vector normal to 
specified plane 

Y component of unit 
vector normal to 
specified plane 

Z component of unit 
vector normal to 
specified plane 

10) E stablish Guidance System Configuration for TPI Maneuver 

Enter into addr e s s  4 1 0  + 50000. The AGS is now in the External � 
AV guidance mode. The procedure for executing an Exter nal 
AV maneuver can be found in Section 2 7 .  If an axis by axis 
maneuver is  desired, refer to the procedures of 
Section 28.  

ALL TPI MANEUVERS WILL BE PERFORMED IN THE EXTERNAL b.V MODE 
(DEDA ENTRY 410 + 50000) . IT IS SUGGESTED THAT THE EXTERNAL t::.V 
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SWITCHING WILL NOT INVALIDATE THE TPI SOLUTION).* ... 
'---------------...J .,. 

1 1) After Maneuver 

a) B alance Couple Switch ON 

b) Deadband Switch to MAX 

c) TPI Execute Routine (DEDA Entry 4 1 0  + 4000) reentered. 
See Section 2 6 .  0 .  

d) E stablish D e s ired Guidance and Control Configuration 
for coasting flight. 

2 5 .  2 Discussion 

a) The TPI maneuver begins the final direct transfer phase 
to rendezvous . The direct transfer mode is used in the 
coelliptic rendezvous s cheme following the CDH maneuver .  

� � ·-If radar data is entered into the AEA after switching the External 6.V .,. mode or a navigation update i s  made , the TPl Search Routine ( DEDA 
entry 410 + 30000) should be reentered and a new TPI s olution computed .  
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The two previous maneuve rs (CSI and CDH) are performed 
such that at the nominal TPI time the proper phasing 
between the LM and CSM should exist s o  that the desired 
line-of-sight angle is achieved. 

Because of errors in the system (sensors, navigation, 
maneuver execution, e t c . )  the desired line-of- sight is 
not achieved at exactly the targeted TPI time . In order 
to determine when the desired line - of- sight will be 
achieved and thus when to pe rform the maneuver, a 
direct transfe r search guidance option i s  available in the 
AGS (81 0 = 3 ) .  I n  this mode also, the a stronaut can 
determine total veloc ity required to rendezvous and 
perform the TPI maneuver based upon achieving a 
desir able value of this quantity. The alternate direct 
transfer guidance mode (8 10 = 4) is used to fix the 
solution for the maneuver .  

The two different modes operate as follow s :  

The flight crew introduces a n  increment o f  time, T� , 
ahead of the present time t at which he wishes to look 
at the rendezvous solution. The time at which the TPI 
maneuver i s  to occur is always moving ahead 2 sec per 
2 sec compute interval because the time of initiation of 
the burn ti gC equals t + T 6. .  T 6. is a fixed number and 
t increments two seconds per 2 second. When the 
s olution is satisfactory, based upon DEDA monitoring 
of the line of sight angle, 8 10 is set equal to 4 by the 
flight crew via DEDA. 

8
1 0 ::;: 4 

Whereas the guidance mode 8 1 0  = 3 is used as a form of 
"mission planning, 11 the mode 8 1 0  = 4 is used for the 
fixing of the solution. If the desired rendezvous solution 
is found with S 1 0  = 3 and the S t o  is set to 4, no additional 
ent�y of tigc need �e ins�rted in the computer since this 
is  done automatically. II guidance mode S 1 0  :::: 4 is 
us ed , a value of targeted TPI time (ti gC ) must 
be inserted . Many diffe rent values of ti gC could be tried 
if the crew desired to do some 1'rnis sion planning 1 1  in this 

mode and did not care to use the alte rnate mode. Afte r a 
value of q c is in s e rt e d ,  a solution is found in one 
two -secona computing increment. As suming the value of 
tigC has been selected (and S1 0 = 4} then the quantity T � 
i s  the time to go until the maneuve r .  This quantity could 
be used to set the events time r .  



1 1 1 7 6 -6033 -TOOO 
Page 2 5 - 7  

In this mode the c apability exists for computing a s olution s o  
that thrusting i n  a given manner will achieve a node (inter-
section of LM and CSM orbit planes) at a specified time incre 
ment prior to nominal rendezvous time. The required time .. increment, 4J, is entered in DEDA addr e s s  306 scaled at 0 .  0 1  ,. minutes.  If 4J is not zero the indication of total velocity 
required to rendezvous (DEDA addr e s s  37 1 )  is not valid. 
It s hould be noted that entering a value for 4J only controls 
the direction of the maneuver and thus need only be entered 
prior to enabling steering. The advantage to this is that 
DEDA addre s s  3 7 1  can be used as an indication of total 
velocity r equired to rendezvous prior to making the 4J 
entry. 

Just as the quantity 4J can be used to create a node, the 
quantity 3 J  (DEDA address 3 1 2  quantized at 0 .  0 1  minut e s )  
can b e  used to establish the desired relationship between 
the LM and CSM for a "stable orbit" rendezvous. By 
entering a time increment, 3J,  via DEDA the AGS will 
calculate the two impuls e  maneuvers to place the LM on 
the CSM orbit displaced from the CSM by time 3J. A 
pos itive value for 3J will place the LM behind the CSM 
and a negative value of 3 J  will place the LM ahead of the 
CSM. 

b)  If the TPI maneuver is to occur based upon the desired 
line- of- sight angle between LM and CSM, then DEDA 
address 303 (quantized at 0 .  0 1  degrees) should be readout 
to obtain this quantity. When the desired value is obtained, 
the DEDA entry 4 1 0  + 40000 should be made to put the 
AGS in the TPI Execute mod e .  

c )  If the TPI maneuver is to occur when the total fuel to 
r endezvous is minimum, a continuous readout of DEDA 
address 3 7 1  (quantized at 0 .  1 fps for lunar mis s ions, 
1 .  0 fps for earth mis s ions ) should be made. When the 
readout attains its minimum value or when other con
straints are being approached ( such as lighting )  the 
DEDA entry 4 1 0  + 40000 s hould be made to put the 
AGS in the TPI Execute mode. 



1 1 1 7 6 -6 0 3 3 -TOOO 
Page 2 5 - 8  

d )  If the DEDA readout of addre s s  3 7 '1  indicates a value of 
+ 6000 fps, a valid solution to the direct transfer problem 
has not been found. In this c a s e  the direct transfer prob
lem has not been found. The 6 0 0 0  indicates 
computer overflow or that the iteration 
procedure has not converged ( two s e conds 
required). 

e )  Prior t o  the TPI maneuve r ,  when the TPI Execute routine 
is selected, the AGS time of computed rendezvous (two 
impuls e  rende zvous solution) can be c omput e d .  

time of rendezvous = 6J + t .  
C lg 

Time-to-go-to rendezvous, T r • can be read out of the 
DEDA directly, addr e s s  3 1 1 .  

Time-to- go-to nodal c r o s s ing can b e  calculated as 
T r - 4J. 



2 5 .  3 Constraints on TPI T ransfer Time 
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DEDA addre s s  3 0 7 ,  (quantized a t  0. 01 min) is  the desired time from 

TPI to rendezvous. This time must be s o  chosen that the rendezvous 

transfer angle (er )(central angle between LM at TPI initiation and the 

rendezvous point) lies within the following regions. 

For ea rth missions pictorially 

0° LM 

shaded region non-valid 

F o r  lunar missions pictorially 

shaded region non-valid 

These conditions are checked internally in the c omputer ,  and if found to be 

violated cause the quantity V 
T 

to be set to 6000.  In general, these condi

tions can be satisfied if DEDA addre s s  3 0 7  does not have the following 

values ente r ed into it. 

For earth missions For lunar missions 
DEDA (Base

�
] upon 2 0 0  nm (Based upon 80 nm 

Add r e s s  3 0 7  CSM orbit) CSM orbit) 

not less than 5 min 3 .  5 min 

does not lie 42 min to 5 3  rnin 5 7  min to 6 5  min 
between 90 min to 1 00 min 

does not exceed 1 30 min 1 1 9  min 

The above constraints are imposed to avoid inaccuracy due to  indetermi-
o 0 0 nancie s existing at the 0 , 1 80 , and 3 6 0  transfer angle s .  



26. 0 MIDCOURSE CORRECTION 
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T o  compute the midcourse corrections, use i s  made of the TPI 

execute routine (S
1 0  = 4 ) .  There are seve ral ways in which the midcourse 

maneuve r can be targeted. 

2 6 .  1 Retarget the Entire Rendezvous Problem 

a )  Determine from the mission plan the required time o f  
initiating the. midcourse maneuver, t .  c ·  tg 

b) Dete rmine from the mission plan the required transfer 
time duration from n1idcourse to rendezvous, 6J.  

c )  With the above data, compute a TPI maneuver. Follow 
the procedures of Section 25.  0 for the TPI execute 
routine (S10 = 4 ) .  

26. 2 Maintain the Same Rendezvous Time, Inflight Targeting of 
New Midcourse Maneuver Time 

The flight crew may want to keep the same computed rendezvous 

point (as used in the TPI mane uver) and pe rform the mid course maneuver 

at a newly spe cified time, tigC A procedure that can be used is exactly 

that of Section 2 5 .  0 except for specifying the rendezvous targeting. This 

can be done in flights as follow s :  

a )  Decide o r  specify the time tigC that the midcourse maneuver 
will be performed. This time will be DEDA ente red and 
should be sufficiently later than " p r e s ent" AGS co1nput e r  
time t o  pe rmit the de sired orientation stee ring t o  be 
pe rformed. 

b )  From the calculated time of rendezvous ( a s  determined in 
Section 2 5 .  0 ) ,  calculate 6J, the desired time from mid
course to rende zvous by 6J = time of rendezvous - tigc· 

c )  U s e  the new values of 6J and tigc t o  target the TPI 
execute routine (Section 25.  0 ) .  

d )  Set o r  verify that 4J, which specifies time o f  nodal 
crossing, i s  as desired. 
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If this alternative is used, no new targeting need be done for the 

rnidcourse maneuver s. 

THE GUIDANCE MODE SELECTOR (DEDA ADDRESS 410) 
SHOULD BE RESET TO + 40000 AFTER EXECUTION OF 

THE TPI MANEUVER I N  THE EXTERNAL b.V G U I DANCE 

MODE 

Since the TPI execute routine operates in real time after the 

targeted time t .  
C 

to achieve r e ndezvous at the ( fixed) rendezvous point, lg 
no new targeting entries a r e  required_ Perform the direct transfer 

maneuver at the desired time following the procedure of Section 2 5 .  

2 6 .  4 Appr oaching the Node 

As indicated above, the capability exists of creating a node 4J minute s 

prior to nominal rendezvous time. As the node is approached (within 1 0  
degrees for a lunar mission and 2 0  deg r e e s  for the e a r th missions) the 

quantity 4J i s  automatically set to zer o  and the node i s  e s tablished at the 

targeted rende zvous time . The purpose of this i s  to have the midcour se 

maneuver (at the node) be in such a direc tion a s  to cause the LM to be 1n 

the CSM plane. When the switchove r occurs the LM will be out of the 

CSM orbit plane by an angle that depends upon the wedge angle between 

the two traj e c torie s .  This is depicted in Figure 26.  1 .  If the midcourse 

is not pe r formed near the node and the switchover has occured then the 

maneuver will c ontinue t o  be computed with the node at the nominal 

rendezvous point. 
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Figure 26.  1 .  Out-of-Plane Angle at Switchover to Node at 
Rendezvous Versus Wedge Angle for Lunar 
and Earth Mis sion 

At the time the switchover occurs (4J is set to zero) the desired 

LM thrust direction will change to cause the node to be created at the 

rendezvous point. For one twcr second compute cycle the guidance solu

tion will be invalid. If the midcourse maneuver i s  to be performed near 

the node it i s  recommended that 4J be examined (DEDA addre s s  306) 

prior to the maneuver to asce rtain that 4J has been set to zero. If not 

zero either delay the maneuver until switchove r has occurred or manually 

s et  4J to zero via DEDA entry 306+00000. � 
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The external 6. V routine accepts components of a velocity -to-be

gained vector in local vertical coordinates  input either via the DEDA 

o r  computed in the CSI, CDH o r  TPI Mode. At the time o£ maneuver 

initiation the velocity-to-be-gained vector is "frozen" in inertial space. 

2 7 .  l Procedures for Using the External t:N Routine 

1 )  Initial Guidance and Control Configuration 

I PGNCS in Control I 
a) Guidance Control 

in '' PGNS" 

b) DEDA: Enter 
Guidance Steering 

Addre s s :  400 

Entry: + 1 0000 

c) Othe r PGNCS 
controls a s  
required 

I AGS in Control 

a) Guidance Control 
in ' 'AGS" 

b) Mode Control in 
II A /Hlt 

c )  DEDA: Enter 
Guidance Stee ring 

Address:  400 

Entry: 

:::� 
For Z - Body Axis Steering, set  DEDA address 400 to +20000 and DEDA 

addre s s  507 to +1 0000. 
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2) AGS: Select External AV Routine 

I DEDA Addre ss 4 1 0  En try +50000 I 
THE ORDER OF SELECTING THE EXTERNAL t::N ROUTINE 
AND TARGE T I N G  IS IMPORTANT. AN INVALID EXTERNAL 
AV SOLUTION MAY RESULT IF T HE PROPER SEQUENCE IS 
NOT FOLLOWED 

* 
3) AGS Targeting (only done when not coming from CSI, CDH or TPI modes) 

DEDA 
Least Significant 

Parameter Address Ent ry Digit 

Lunar Earth 
Mis sion Miss ion 

AV Component of velocity-to-
X be-gained vector in the 

horizontal direction para!-
lel to the CSM orbit plane . 4 5 0  0 .  l fps 1 .  0 fps 
A positive value indicates a 
velocity-to-be -added in the 
posigrade direction. 

tl.V Component of velocity-to-
y be-gained vector in the 

horizontal direction perpen-
dicular to the CSM orbit 

451  0.  1 fps l .  0 fps 
plane. A positive value 
indicates a velocity-to-be-
added opposite to the LM 
angular momentum vector. 

tl.V Component of velocity-to-
z be - gaine d vector in the 

radial direction. A positive 
452 0 .  1 fps 1 .  0 fps 

value indicates a velocity-
to-be-added toward the 
gravitational source. 

* � If successive External AV maneuver s are to be pe r formed, DEDA addre s s .,. 
407 must be set to +00000 as part of the targe ting procedure. 



4 )  AGS: Select Engine ( s )  

DEDA Address 41 1 

5) Event Timer 
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Entry +00000 (DPS o r  RCS) 
Entry +l  0000 (APS) 

Set Event Timer for count-down to External t::. V maneuver initiation. 

6) Establish Guidance System Control for Maneuver 

::: 

PGNS in Control l 
a) Mode Control to 

11 Auto,  1 1  Perform 
normal PGNCS 
functions. 

b) To abort: depress 
Abort or Abort 
Stage Button 

AGS in Control 

a) Mode Control to 
" Auto . "  (LM now 
orients to  desired 
thrust attitude) . 

b) Prior to thrusting 
verify DEDA address 
407 equals + 00000 
(if + 1 0000, reset to 
+ 00000).  

At Count -Down Time 
Zero: Initiate and 
complete selected 
thrust sequence ( s ee 
Section 2 0 ) .  Balance 
Couple Switch as 
desire d. ':< 

Trim Burnout Residual. 
At engine cutoff, the 
system ente r s  attitude 
hold. If de sired at this 
time the Balanced 
Couple Switch can be 
set or verified ON and 
the residual burn 
velocities removed 
(see Section 2 8 .  1 ) .  

If Z - Body Axis Steering has been chosen (DEDA address 4 0 0  + 20000), 
set DEDA addre s s  407 to +10000 just prior to thrusting. 



7) After Maneuver 

a )  Balance Couple Switch ON 

b) D eadband Switch to MAX 

c )  Establish desired Guidance and Control 
c o nfiguration for coasting flight 
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27.  2 Using External t:N Routine for Orbital Rate Pitch Steering 

The AGS has the capability of maintaining the LM vehicle at any 

attitude in a local vertical coordinate frame during free flight. In par

ticular, the vehicle can be pitched at the orbital rate in ord e r  to maintain 

the X-body axis along the local horizontal. To accomplish this, use is 

made of the 11 External t:.V" guidance routine and the procedures of 

Section 27 .  1 .  A fictitious velocity-to-be-gained v-ector i s  entered via the 

DEDA to obtain the desired attitude. Thu s ,  for example, the necessary 

entries (Step 2, Section 27. 1 )  to maintain the X-body axis along the local 

horizontal with the z. axis downward are the following (ea rth or lunar 

mission): 

Addr e s s  Value 

4 5 0  +05000 

4 5 1  +00000 

452 +00000 

Since thrusting is  not to be performed, steps 6c and 6d are unne cessary. 

IF ULLAGE IS SENSED WHILE IN TH IS CONFIGURATION THE 
VEH ICLE ATTITUDE WILL BECOME FIXED IN INERTIAL SPACE 

Orbital rate steering would again be achieved by entering via DEDA 

address 407 + 0 0 0 0 0 .  



2 8. 0 AXIS BY AXIS TRIM 
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After any rnaneuver the residual velocity-to-be- gained can be reduced 

by placing the vehicle in attitude hold and pe rforming translational thrusting 

along each axis. This procedure can also be used t o  perform small D.V 

maneuve r s  if desired. It should be recognized however that thrusting 

succes sively along each axis requires more fuel than thrusting with one 

engine along the desired direction. 

FOR AXIS BY AXIS TRIM OR RESIDUAL REMOVAL, 
THE Y AND Z BODY COMPONENTS OF VELOCITY-TO
BE-GAINED ARE TO BE REMOVED PRIOR TO RE
MOVING THE X COMPONENT. 

28.  I Procedure 

1 )  Verify that the AGS is  in Attitude Hold: i. e.  , Mode 
Control in "A/H" or DEDA selection 400 + 00000. 

2 )  Set deadband switch to MIN 

3) Set balanced couple switch t o  ON. 

4) If necessary, ver ify via DEDA readout (addr e s s  4 10} that 
the system is in the External D. V guidance routine. 

5 )  Set  ATT / T r anslation switch to 1 1 2 jet• • position. 

6 )  Set throttle I jet control select level of  de sired crew 
member to 1 1jet11  position. 

7) Set DEDA addr e s s  407 to + 1 0 000.  

8 )  Readout velocity-to-be-gained in Y direction via DEDA 
addr e s s  5 0 1 ,  (D.V

gY
) 

9 )  Null out DEDA reading b y  moving related thrust/ trans
lation controller to right (or left). Right ( left) corre
sponds to Y translation which nulls positive (negative) 
values of D. V 

gY ' 

1 0 )  Readout velocity-to-be-gained in Z direction via DEDA 
addre s s  502. (D. V 

gZ 
) .  

1 1 )  Null out DEDA reading by moving related thrust/ controller 
in (or out). In (out) corre sponds to Z translation which 
nulls positive (negative) values of .6. V 

g Z
" 
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1 2 )  Readout velocity-to-be-gained i n  X direction via DEDA 
addre s s  500. (.6.V

gX ) 

1 3 )  Null out the DEDA reading by moving related thrust/trans
lation controller up (or down). Up (down) corre sponds to 
X translation which nulls po sitive (negative) values of 
.6. V 

gX 

14) Set deadband to MAX. 

28. 2 Notes 

1 )  If this trim procedure i s  utilized after orbit insertion it 
should be done immediately. This is because the orbit 
insertion equations are de signed to drive the LM to a 
particular point on the desired orbit. Thus as  time goes 
by, the computer will indicate an increasing velocity-to
be-gained (even if cutoff were perfect) since the vehicle 
is depar ting from the injection point. 

2) If the axis by axis procedure is used to perform an 
external .6. V maneuver and the first burn is not in the 
+X-body axis direction, then DEDA entry 407 + 10000 
must be made to freeze the targeted external .6. V vector 
in inertial space ( see Se ction 27. 0 ) .  The time at which 
the burn i s  initiated, affects the orbit parameters of the 
ensuing trajectory. Hence targeting for an axi s-by
axis External AV maneuv e r  must include the time when 
DEDA entry 407 + 10000 is to be executed (if required) 
a s  well as the time for thrust initiation. 
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The following tables are complete lists of the meaningful quantities 

available for e ntr y or readout via DEDA. The decimal region quantities 

are grouped by scaling; i . e . , all velocity quantities with a quantization of 

0. l ft/ s e c  a r e  listed togethe r,  and etc.  Both lunar and earth mission 

s caling are given in the form lunar /earth. For example ,  V which is 
py 

located at address 263 has a lunar mission binary s caling of B l 3 ,  a 

lunar DEDA range of 8 1 9 1 .  9 ft/ sec  and a lunar DEDA quantization of 

0 .  l ft/ s e c .  

The octal r e gion quantities are pr esented i n  numerical order of 

their add r e s s e s .  The binary scaling is given for both lunar and earth 

mis sions .  O n e  number i n  the s cale column indicates the same binary 

s caling for both lunar a nd earth mis s ions . 

The right hand columns on  these lis.ts indicate the guida nce modes 

in which each qua n tity is meani ngful. For example ,  RSX at add r e s s  1 74 

is computed in  the OI, CSI, CDH and TPI guidance modes. 

Time shared locations are omitted from these lists since DEDA 

readouts are not easily interpr eted when two quantities are alternately 

displayed. 
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v x  
V Y  
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VC Y 
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HO n T 

v r.. 
V P O  
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V E X  

V E Y  

V E l.  
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v o x  

V O Y  

V 0 7  

V H  
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R R DO T  

R O O T S  

2 P J 1 

2 R J 2  

2 P J 3  

4 K 2 o  

V H A  

3 6 0  P R E S E N T  L M  I N E R T I A L V E L OC I T Y V E C T O R . 

3 A l  

3 6 2  

3 6 4  P R E S E N T  C S M  I N E R T I A L V E L O C I T Y  V E C T O R .  

3 6 5  

3 6 6  

3 6 7  L M  A L T I TUDE R A T E . 

3 7 0  V E L OC I T Y T O  G A I N  MAGN I T U D E .  

3 7 1  P R E O J C T E D  V E L OC I T Y - T O - B E -G A I N E D  I N  C D H .  
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