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PREFACE 

THE PURPOSE OF THIS DOCUMENT IS TWOFOLD. THE FIRST IS 

TO PROVIDE A FUNCTIONAL DESCRIPTION (OPERATIONALLY 

ORIENTED) OF THE LM GNCS HARDWARE AND SOFTWARE AND THE 

INTERFACES WITH OTHER SPACECRAFT SYSTEMS. THE LEVEL 

OF DETAIL IS THAT REQUIRED TO IDENTIFY AND DEFINE 

TELEMETRY OUTPUTS. ALSO INCLUDED ARE FUNCTIONAL FLOW 

DIAGRAMS OF THE LUMINARY PROGRAMS AND ROUTINES 

TOGETHER WITH LISTS OF VERBS, NOUNS, OPTION CODES, AND 

CHECKLIST CODES FOR THIS FLOW. 

THE SECOND PURPOSE IS TO PROVIDE THE OPERATIONAL 

PROCEDURES FOR THIS HARDWARE AND SOFTWARE INCLUDING 

NOMINAL AIRBORNE CONDENSED CHECKLISTS, MALFUNCTION 

PROCEDURES, AND PROGRAM NOTES. 

WAYNE A. SIARNICKI, AUTHOR 

AC ELECTRONICS RESIDENT AT MIT 

v Rev. v 
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SECTION 1 

GENERAL DESCRIPTION OF THE LM PGNCS 

1. 1 FUNCTIONAL DESCRIPTION 

The primary guidance, navigation and control systam (PGNCS) consists 

of the sensing, data processing, computational, control, and display devices .,. 

necessary to accomplish spacecraft navigation and guidance. The system's 

primary task is to obtain LM orientation, position, and velocity data; and 

thereby, calculate any steering and thrust commands necessary to fulfill the 

LM flight objectives. 

The system's navigation function consists of determining the location of 

the LM and calculating pertinent trajectory information related to the present 

location and predictedrlocations so that the guidance function can be performed. 

Using a computerized dead reckoning process, the last known position of the 

spacecraft is updated to present position by keeping track of incremental 

changes in velocity and time. The predicted present position is revised when-

ever fix information from communications or radar is entered into the com -

putation loop. The fix information is used to derive deviations of position 

and velocity which are added to the vehicle position and velocity estimates to . 
form a new orbit estimate. This procedure is repeated for each navigation 

measurement until orbital Uf!Certainties are reduced to an acceptable level. 

The guidance function interrelates the navigation function to the flight 

control function. Navigation information is employed to determine what 

commands should be issued to maintain desired flight control. A velocity 
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to be gained concept r~·sults from a comparison of the actual velocity and 

the velocity required. Steering equations are used which force the difference 

between the actual velocity and the velocity to be gained to zero by issuing 

the appropriate commands to the flight control subsystems. Thus, the PGNCS 

is capable of performing an autopilot task or an augmentation task. In addi 

tion, a fully manual piloting task is available by the crew's use of navigational 

displays . 

The functional subsystems contained within the PGNCS are the inertial 

subsystem, optical subsystem, computer subsystem, rendezvous radar sub

system, and the landing radar subsystem. 

1. 1. 1 Inertial Subsystem Functions 

The inertial subsystem (ISS) senses LM acceleration and changes in 

attitude and provides incremental velocity and attitude data to the computer 

subsystem. The ISS sensor is the inertial measurement unit (IMU ) which con 

sists of a stable member mounted in a three - degree-of- freedom gimbal sys

tem. Three gyroscopes and three accelerometers are mounted on the stable 

member. Each gyroscope has a stabilization loop associated with it for main

taining the stable member nonrotating with respect to inertial space. Thus, 

each stabilization loop maintains one axis of an orthogonal reference system; 

whereby, the spacecraft yaw, pitch, and roll orientation is definable. The 

LM orientation is measured by the stabilization loops producing signals pro 

portional to the changing orientation of the gimbals relative to the stable mem 

ber. The three accelerometers are pendulous mass unbalanced devices with 

each maintaining one axis of another orthogonal system parallel to the gyro 

orthogonal system. Hence, · each accelerometer and its associated accelerom 

eter loop permits measurement of changes in velocity along its axis relative 

to the inertial reference frame. 
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1. 1. 2 Optic:il Subsystem Functions 

The optical subsystem (OSS) provides directional data of a selected 

target to the LGC. Consisting of the alignment optical telescope (AOT), and 

the computer control and reticle dimmer assembly (CCRD), its primary func

tion is to provide star sighting data for insertion into the computer system to 

establish an accurate reference frame for IMU alignment. The CCRD is the 

inflight device by which optical data is entered into the computer subsystem. 

1. 1. 3 Rendezvous Radar Subsystem Functions 

The rendezvous radar subsystem (RRS) is designed to operate with a 

transponder located on the CSM. The rendezvous radar (RR) provides to the 

computer subsystem range, range rate, and line-of-sight angles to the CSM. 

This information is used in the guidance and navigation computations to obtain 

an effective rendezvous. 

After separation from the CSM, the RR permits the first independent 

check of the PGNCS by comparing the RR range and range rate displays to 

LGC computations. It can also be used to check the operation of the PGNCS 

or AGS (Abort Guidance Section) at other times. However, its prime function 

is to provide data to the computer so that the CSM orbit can be accurately 

determined. If the PGNCS computer or AGS malfunction, manual backup mid

course correction can be derived using only the radar data. 

1. 1. 4 Computer Subsystem Functions 

The computer subsystem (CSS) performs data processing, storing and 

monitoring; maintains a time standard; performs computational programs; 

provides central control ability; and performs limited malfunction diagnosis. 
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The subsystem consists of the LM guidance computer (LGC) and the display 

and keyboard (DSKY). 

The DSKY is the interface device between the astronaut and the LGC. It 

permits the astronaut to enter data into the LGC and to receive data from the 

LGC . 

The LGC processes data from the astronaut and the other LM subsystems 

to solve navigation and guidance equations. The computer performs a control 

function by issuing command pulses to the ISS, radar subsystems, and flight 

control subsystems. Malfunction diagnosis is performed by monitoring cer

tain operational discretes and issuing appropriate discretes to the caution/ 

warning subsystem when an irregularity occurs. The computer also supplies 

timing signals to synchronize and control PGNCS operations. 

1. 1. 5 Landing Radar Subsystem Functions 

The purpose of the landing radar subsystem (LRS) is to sense the velo

city and range of the LM relative to the lunar surface. It provides LM 

velocity (components h, ~. and y) in antenna coordinates and LM slant alti

tude, In addition, velocity data is made available to displays in spacecraft 

coordinates, 

The velocity and range data is used by the LGC during a lunar flight to 

update flight parameters; thereby achieving a controlled rate of descent; a 

hover at low altitude to permit selection of landing site; and a soft landing. 

To accomplish these objectives, the LGC and/ or astronaut must know the 

distance from the LM to the lunar surface and the velocity of the LM rela

tive to the lunar surface. 
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1. 2 PGNCS COMPONENTS 

The components of the PGNCS and their major functional interfaces are 

illustrated in Fig. 1-1. The sensors of the system are the !MU, AOT, and 

the radars. The LGC is the interface component between the subsystems. 

The communication link between the astronaut and the LGC is the DSKY which 

permits loading of data by a keyboard into the LGC and provides information 

to the astronaut from the LGC by its displays. 

The AOT is manually operated by the astronaut. During inflight !MU 

alignment, data is entered into the LGC using the computer control and 

reticle dimmer assembly (CCRD). 

The coupling data unit (CDU) is an interface device between the LGC 

and the ISS and between the LGC and rendezvous radar. Its primary function 

is to convert analog data to digital data and digital data to analog data. Three 

channels of the CDU are used to communicate with the !SS and two channels for 

the rendezvous radar subsystem. 

Support electronics are contained in the pulse torque assembly (PT A) and 

power and servo assembly (PSA) . The PT A supplies inputs to and processes 

outputs of the !MU. The majority of !SS power supplies are contained in the 

PSA which also contains such support items as the moding relays and the 

stabilization loop servo amplifiers . 
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SECTION 2 

DETAILED DESCRIPTION OF THE LM PGNCS 

2. 1 INERTIAL SUBSYSTEM 

During LM thrusting phases the inertial subsystem (ISS) provides atti

tude references, processes steering commands from the LGC to the flight 

control system, and provides the velocity increment signals which are counted 

by the LGC and used for thrust termination. During nonthrust phases the 

ISS is used to hold or control changes in spacecraft attitude at the direction of 

the astronaut or the LGC. To accomplish these tasks, the IMU stable member 

must maintain a predetermined inertial referenced coordinate system. Thus, 

each time the ISS is energized the stable member must be aligned. Since 

use of the ISS during nonthrusting phases is optional within the limitations 

of available electrical power, the system may be re-energized several times 

during a flight and require realignment. 

Before LM separation from the Command Service Module (CSM), a 

coarse alignment of the LM IMU gimbals is made to the CSM IMU gimbals 

by coarse aligning the LM IMU to zero angles and then keying into the DSKY 

the difference angles. The LM established inertial reference system is then 

accurately aligned after separation by sightings of the alignment optical tele

scope (AOT) on celestial objects. This fine alignment procedure by use of 

the AOT is the prime method used throughout the flight for establishment of 

the inertial reference system. Once the IMU is aligned, the stable member 

remains essentially in a fixed spatial orientation and rotational motion of 

the LM is indicated by resolvers mounted on the gimbal axes. 
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2. 1. 1 ISS Theory of Operation 

Operational tasks of the ISS are implemented by the three accelerometers 

and three inertial reference integrating gyro (IRIG) mounted on the stable 

member (see Fig. 2-1 ). The three stabilization loops hold the stable platform 

at a fixed orientation which permits acceleration measurement by the three 

associated acceleration loops. In addition, each gimbal movement· about the 

stable member changes the phase and amplitude of the associated resolver 

output to convey attitude information. 

2. 1. 1. 1 Stabilization Loops 

The stabilization loops associated with the IRIG ' s maintain the IMU stable 

member at the spatial orientation to which it was aligned; and thereby, isolate 

the stable member from roll, pitch, and yaw motions of the LM vehicle (see 

Fig. 2-2). ·The LGC retains in memory a record of the reference coordinate 

system established by the stable member. Hence, when movement of the LM 

structure produces IMU gimbal movement about the stable member, repre-

sentative electrical signals of this movement are transmitted from the lX and 

16 X gimbal resolvers. 

Motion of the LM structure produces a torque on the stable member tending 

to move it from its inertially fixed orientation. Each IRIG senses a 

component of this torque about its input axis and produces an error signal. 

Since the Y-gyro is mounted with its axis parallel to the inner gimbal axis, it 

detects the full component of torque about the inner gimbal axis represented by 

signal E(Y ). However, movement of the stable member about the inner gimbal 
g 

axis changes the relationship of the X and Y gyro input axes to the middle and 

outer gimbal axes. Hence, the detected E(X ) and E(Z ) values must be first g g 
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Fig. 2-1. IMU gimbal assembly and gimbal axes. 
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resolved into their correct representative value of gimbal axes displacement. 

The three resultant signals E(Y ), resolved E(X ), and resolved E(Z ) are g g g 

amplified and provide drive to the torque motors for counteracting the com-

ponents of torque and maintaining the stable member at its inertially fixed 

orientation. 

The lX and 16X resolver outputs are transmitted to the gimbal angle 

sequence transformation assembly (GASTA) and to the CDU (see Fig. 2 - 3) . 

Each resolver has a sine and cosine output via an 800 cps suppressed carrier 

voltage analog. The coordinate conversion of the GASTA provides a total 

attitude display to the flight director's attitude indicator (FDA!). It transforms 

the three axis attitude information from the IMU into three axis attitude inform -

ation in a sequence usable by the FDA!. The outputs to the CDU are converted 

to digital representations that are sent incrementally to the LGC so that it is 

continuously aware of the present gimbal angle displacements and by com -

parison to stable member alignment is also aware of spacecraft attitude . 

2. 1. 1. 2 Analog-to - Digital Conversion 

Analog -to - digital (A / D) conversion is accomplished by resolving an un 

known gimbal angle () about a preselected angle I/I by the expression 

sin ( () - l/I) = sin () cos I/I - cos () sin I/I 

When the equation goes to zero, 9 = I/I and as a consequence I/I is a represent a -

tive value of 8. The value t/; is sequentially selected in incremental steps 

within a binary counter. A value for 9 is obtained by the LGC accumulating 

the number of binary steps required to null sin (9 - t/;). 

An analog - to - digital circuit is associated with each of the three gimbals (two 

A/ D circuits are also associated with the rendezvous radar subsystem). Figure 

2 - 4 illustrates a functional block diagram of one of these circuits. The CDU 
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receives sin 8 and cos 8 signals from the lX and 16X resolvers. The eG 

information is contained in the amplitude of the sin e and cos e signals and 

their phase with respect to the 800 cycle reference. The value of I/I is ac

cumulated in a 16-stage counter called the read counter. A binary one value 

contained in a stage of the counter energizes transistor switches that ac

cumulatively by means of ladder networks (voltage dividers) and summing 

networks form analog attenuation values for nulling the input resolver voltages 

and the 800 cycle reference. As long as the equation is not nulled, the phase 

and amplitude of the difference signal out of the error detector circuit pro

duces a count up or count down signal for incrementing the read counter. 

The amplitude of the error signal (sin e1 + E) determines the rate (either 

800 pps, 6. 4 kpps, or 12. 8 kpps) at which the digital pulses, equivalent to 

19. 8 arc sec:;onds of gimbal displacement, are generated. The phase of the 

error signal determines a count-up or count-down condition. By counting the 

number of steps until a null takes place, the LGC obtains a digital representa

tion of the gimbal angle. The ~e G counts to the LGC gimbal angle register 

are the output of the least significant stage of the read counter and are each 

equivalent to 39. 6 arc seconds of gimbal angle change. 

The functional nulling takes place in two loops, coarse and fine nulling. 

When t/; is within 22 . 5° of e, a nulling ladder from 0 to 22. 5 '' in steps of 2. 81 ° 

is used to provide a coarse null for sin q, 1. The fine null is utilized to repeat 

the gimbal angle within approximately 1 bit (19. 8 arc seconds). An over 

lapping between the coarse and fine nulling circuitry provides a smooth transi

tion. Thus, the I/I selection logic for both loops is selected simultaneously 

with 180 electrical degrees of the 16X resolver r.otation being equal to 11. 25 

degrees of the lX resolver angle. The iJ;16 selection logic develops a linear 
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approximation of the gimbal angle within ± 11. 25 ° of the fine null. The phase 
~ 

and amplitude of the sin 81 + E signal develops a complete count-down or 

count - up for a value Kcp16 to obtain a null. Subsequent changes in gimbal 

angle continue the process and produce incremental pulses to the LGC so that 

the computer is continuously aware of the gimbal angle. 

2. 1. 1. 3 Digital-to - Analog Conversion 

Digital-to - analog conversion (DAC) is used to provide attitude error in-

formation to the FDA!, coarse align error information to the gimbal servo 

amplifiers, and forward - lateral velocity information to the velocity display 

meters. Five DAC loops exist and their function is dependent upm . the ISS 

mode of operation. Three of these loops are associated with the IMU gimbal 

angles and the other two are considered part of the rendezvous radar sub-

system. 

A block diagram of a typical DAC loop is shown in Fig. 2 - 5. Assuming 

that the loop is one of the three associated with gimbal angles, the pulses 

entered into the error counter from the LGC provide a binary-coded repre-

sentation of a desired gimbal angle change (~Oc>· Each pulse is equivalent to 

158.2 arc seconds of gimbal dsplmnt. The binary stages of the I 
counter activate transistor switches in the voltage ladder decoder. The 

switches set a voltage divider into a configuration which provides a voltage 

output with an amplitude proportional to the binary count of the error counter. 

This output voltage is an 800 cps signal with its phase determined by whether 

a positive or negative value has been entered into the error counter. It serves 

as an input into the servo amplifier demodulator (see Fig. 2 -2) or an attitude 

error display signal. 
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During coarse alignment, the read counter provides count-down pulses 

into the error counter as the value within the read counter accumulates chang 

ing gimbal angle (~OG) due to coarse repositioning of the gimbal. These pulses 

are accepted from the third stage of the read counter for decrementing the 

error counter. The error counter tends to null as OG approaches Oc. Rate 

limiting pulses are also received from the analog-to-digital conversion cir

cuit to be summed with the voltage ladder decoder output and limit gimbal 

driving rate. A signal out of phase with the ladder voltage and with an 

amplitude proportional to the difference between th~ gimbal angle and the 

angle in the read counter provides gimbal rate limiting. 

If attitude error is to be displayed, the error counter accumulates the ~ () 

pulses from the LGC and maintains this accumulative value until the LGC 

counts the binary-value down. Thus, three separate signals from the three 

digital-to-analog conversion circuits are available to the FDA! attitude error 

needles. Each signal is a ±5. 06 volt rms, 800 cps suppressed carrier voltage 

analog of each axis at a scaling of 3. 3 degrees per volt. If the error counter 

contents are representative of LGC calculated forward or lateral velocity, the 

ac output of the voltage ladder decoder is demodulated to a de display signal. 

2. 1. 1. 4 Gyro Torquing Electronics 

The gyro torquing electronics is used only during the fine alignment mode. 

It permits the stable member to be aligned to within 65 sec .of arc to a coordinate 

frame determined by optical measurements. Cv='trol is maintained by the LGC 

which computes the difference between the angle of the gimbals at an instant 

of time and the desired gimbal angles. This difference is transposed into a 

number of pulses, each equivalent to ~O. 618 arc seconds, necessary to drive 

the gimbal through this difference angle. 
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Figure 2-6 illustrates a block diagram of the gyro torquing electronics. 

The gyros are torqued on a time shared basis. The LGC sends to the fine align 

electronics four types of pulses: torque enable pulses, gyro select pulses, torque 

set pulses, and torque reset pulses. The torque enable pulse train is first sent 

to a relay driver to activate the circuit. The LGC then sends gyro select pulses 

(+68x or -68x or +68y or -68y, and +68z or -68z) which select a particular 

gyro and the direction it is to be torqued by means of a transistor switch net -

work that closes the current path through the proper torque ducosyn coil. The 

third and fourth types of pulse trains are the torque set and torque reset com -

mands which control a binary current switch to start and stop the current flow 

through the selected coil. The amount of current flow (T+ or T-) through the 

torque ducosyn coils is precisely controlled at a fixed value by the precision 

power supply and regulating differential amplifier. The duration of application 

is controlled by the length of time that set pulses are applied. The ducosyn wind-

ing appears to the circuit as a pure resistive load due to the effect of the load com-

pensation network. 
GYlltO SELECT PULSES (:t.ifX,tA fY,!AfZ l 

t20VDC(VIA TOftQUE ENAILf lltELAYl 

PRECISION VOLTAGE 
HVOC (VIA TORQUE 

ENABLE ftELAY) 

HT 

T+ T+ 

BINARY LOAD 
CURRENT COMP 
SWITCH£S .._T ... -_. NETWOlltK T-

Fig. 2-·6. Gyro torquing loop functional block diagram. 

2. 1. 1. 5 Accelerometer Loops 

X GYRO 

Y GYRO 

Z GY9'0 

The accelerometer loops block of Fig. 2-3 consists of three loops. Each 

loop measures a component of linear acceleration felt by the stable member 

along the axis of the accelerometer within the loop. Since the axes of the 
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three accelerometers or PIP (pulsed integrating pendulum) are mutually 

perpendicular and parallel to the gyro axes, the three measured components 

of acceleration are representative of the acceleration on the stable member 

(Fig. 2 - 7) . 

ACCELEROMETER AXES 

Fig. 2-7. 

i XI 
I 

jY 

[i X+ j Y+ k Z] =TOTAL MEASURED ACCEL
ERATION PROPORTIONAL 
TO ACCELERAT ION OF L M 

~---
/ 

/ 

/kz 

COMPONENTS OF ACCELERATION 

Acceleration detected on stable member. 

A block diagram of a typical acceleration loop is shown in Fig. 2-8. The 

accelerometer pendulum is maintained in oscillatory motion about its null 

point. That is, with no LM thrusting, a constant input to the torque ducosyn 

(TD) will hold the pendulum cycle constant. The signal ducosyn (SD) output 

phase changes as the pendulum passes through its null and the clock pulses 

from the LGC interrogate the ac differential amplifier output to determine 

the phasing. The frequency of the clock pulses is 3200 pps and with no ac-

celeration acting on the stable member, the frequency of the accelerometer 

pendulum is 533-1/3 cps, which approaches its natural frequency. Hence, a 

complete pendulum cycle occurs during six clock pulses. The binary current 

switches use the TM+ and TM- set pulse outputs to generate accelerometer 

torquing current. The TM+ set pulse occurring for three clock pulses and 

the TM - set pulse for the next three clock pulses. A TM+ set condition 
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produces a plus torque condition and a TM- set condition produces a minus 

torque condition to the accelerometer TD maintaining the pendulum at 533 - 1/ 3 

cps. 

To regulate the balance of the plus and minus torques, the load compensa-

tion networks compensate for the inductive load of the accelerometer generator 

ducosyns. Thus, the generator coils appear as pure resistive load to the binary 

current switches. Therefore, as long as no acceleration acts on the loop, 

three P pulses and three N pulses are sent to the LGC forward-backward 

counter causing a count up of three and then a count down of three. T he com-

puter, in effect,. is then recognizing a condition of no acceleration. 

When an acceleration acts on the stable member, the equilibrium of the 

loop is interrupted. Each accelerometer feels a linear component of this 

acceleration as an additional torque that aids and opposes the torque generator 

forces. Because the torque current from the binary current switches is con-

stant, a longer application of plus or minus current application is necessary to 

keep the pendulum in its oscillatory motion. The change in time required for 

the float to be torqued back through null, results in an unequal number of P 

and N pulses sent to the computer. The computer synchronizes its sampling 

1 
of each of the three forward-backward counters to once every 1/ 533 ! seconds 

which is equivalent to a pendulum period. Thus, the difference of the accumu-

lative count of P and N pulses [I(P) - I (N)], is proportional by a constant (K) 

to the magnitude of a component of acceleration. Since the computer performs 

its calculations with discrete values, the formula a= (dv/ dt) becomes a = ( ~ V/ ~t ) 

[that is, ~ V = a~t]. Hence, the computer's calculations for solution of a 

change in velocity (~ V) can be summarized as follows: 
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4 V = K[Z:(P)- L (N)] 4t 

2. 1. 2 ISS Modes of Operation 

The ISS modes of operation are normally initiated automatically 

by the LGC or by the astronaut selecting an LGC program through 

the DSKY. Mode control is regulated by the issuance of LGC discretes 

to the CDU. 

The ISS is in a standby state when the IMU STBY circuit breaker is closed 

and the IMU OPR circuit break is open on the circuit breaker panel. During 

the standby state, + 27. 5 de prime power is supplied only to the IMU heater 

circuit. The remaining portions of the ISS are deenergized. 

2. 1. 2 .. 1 IMU Turn On 

The IMU turn on mode is entered only when the IMU OPR circuit breaker 

is closed. This mode drives the IMU gimbals to their zero position and holds 

them there. It also clears the LGC gimbal angle registers and the CDU read 

counters . By establishing this zero reference, the LGC is prepared to obtain 

incremental changes in gimbal orientation from the read counters into its regis

ters in any subsequent mode and is ·thereby aware of gimbal angle orientations. 

Figure 2-9 illustrates the circuit configuration for one of the three gim

bals during the turn on mode. Application of ISS operating power energizes 

the IMU cage relays which in turn energizes the coarse align relays. In addi

tion, the initial application of power routes to the computer an ISS turn on 

delay request discrete which provides a 90-second period for mode completion; 

and thereby, permitting the gyro wheels to run up to full speed. Upon reception 
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of this delay request, the LGC issues the coarse align enable and CDU zero discretes. 

The coarse align enable discrete provides a redundant means of energizing the coarse 

align relays. The CDU zero discrete clears the three read counters, clears the LGC 

gimbal angle registers, and inhibits any incrementing pulses to the read counter. 

The relay configuration is such that an 800 cps reference is applied to the gim -

bal servo amplifier enabling the BOO cps sin 8 signal from the lX resolver to be con

verted to a de drive signal. The gimbal torque motor drives the gimbal to its zero 

position where the sin (} valu.e is now zero. 

A set of contactS' of the latch relay route ground tp the time delay circuit of the 

pulse torque power supply. This inhibits the operation of the power supply to 

prevent accelerometer pulse torquing during the 90-second period. Thereby; 

permitting time for the accelerometer to be centered and the gyro wh~els to run 

up prior to torquing. 

After the 90-second delay is completed, the LGC issues the delay complete 'dis

crete. This discrete causes the latch relay to be energized to remove the turn-:on 

delay discrete to the LGC and to deenergize the cage relay. The LGC then removes 

both the CDU zero discrete and the coarse align discrete allowing the ISS to go into 

the inertlal reference mode or it can remove the CDU zero discrete and issue an 

error counter enable discrete (while maintaining the coarse align discrete) allowing 

the ISS to go into the coarse align mode. 

2 .1.2 .2. IMU Cage · 

The IMU cage mode is an emergency mode used to stop a tumbling gimbal and 

drive the gimbals to a known reference with respect to the spacecraft axes. Func

tionally the mode operates the same as the IMU turn on mode. When the momentary 

IMU CAGE switch on the primary guidance and navigation panel is positioned to ON, 

the IMU cage relay and coarse align relay are energized to feed the sin8 signal from 

the l X resolver into the gimbal servo amplifier (see Fig. 2-9). The switch is held 

until the gimbals settle at the zero position (five seconds maximum). The gimbal 
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position is observed on the FDAI. Upon release of the IMU CAGE switch, 

the LGC allows the read counters to zero and then places the ISS in an atti

tude control mode. During the read counter settling period, the IMU cage 

discrete is present and the NO ATT lamp on the DSKY is lighted. Release 

of the switch releases the IMU to inertially stabilize at an attitude within 

1 degree of that at the time of switch release. 

The IMU cage mode may also be used to establish an inertial reference 

with the LGC deenergized or in a standby state. However, the IMU cage 

mode is an emergency back up mode and should not be employed at any time 

unnecessarily due to lack of CDU rate limiting which could cause gimbal 

rates sufficient to drive the gyros into their rotational and radial stops. 

Such action could cause gyro bias shift. 

2. 1. 2. 3 Coarse Align 

The coarse align mode is entered when the LGC has issued the ISS error 

counter enable and coarse align discretes. The purpose of this mode is to 

allow the LGC to rapidly align the IMU to a desired orientation with a limited 

degree of accuracy. 

When the mode is entered by issuance of the discretes, the CDU read 

counters are in the process of repeating gimbal angles and supplying this 

information as Alb pulses to the computer (see Fig. 2-1 O). By incremental 

storing up- and-down counts in the gimbal angle registers, the computer is 

aware of total gimbal angles and calculates the necessary changes in angles 

to bring the gimbals to the desi~ed orientation. Hence, the LGC computes 

the number of pulses that must be entered into each error counter to pro-

duce the desired analog drive signal. 

The coarse align enable discrete has energized the coarse align relays 
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to disengage the fine align electronics and produce an input into the servo 

amplifier from the digital -to-analog conversion circuit where the error counter 

has been enabled by the error counter enable discrete. The LGC sends 

bursts of pulses (±A8 c) at 3200 pps to the CDU with each pulse equivalent to 

a desired angle change of 158. 2 arc: seconds on the IMU lX resolver. Suppose 

for example, the LGC desires an 11. 25 degree change in a gimbal angle with 

respect to the spacecraft. Sirice 11. 25 degrees is equivalent to 40, 500 arc 

seconds, the LGC sends a burst of 40, 500+158. 2 • 256 pulses to the CDU. The 

value in the CDU error counter is converted to an analog value for servo am

plifier input. The resulting torque motor drive moves the gimbal to produce 

a new resolver angle in the read counter which transmits the incremental change 

to the computer and to the error counter. The pulses sent to the error counter 

subtract from the original binary value so that the error counter ultimately 

contains a zero value when the gimbal has moved to the commanded position. 

To prevent damage to the gyros and to assure that the read counter tracks 

the gimbal angle accurately, the rate of gimbal drive is .limited. A fine error 

signal performs rate limiting by being mixed with the decoded error counter 

output. This error signal is out of phase with the output of the ladder decoder 

and has an amplitude proportional to the 'difference between the actual gimbal 

angle and the angle in the read counter. During the coarse align mode, the 

read counter is limited to a high counting speed of 6. 4 kpps and a low counting 

speed of 800 pps. If the gimbals are moving at a faster rate than that which 

the read counter is counting, the fine error signal increases, causing a re

tarding torque to be developed by the gimbal servo amplifier. If the gimbals 

are moving at a rate slower than the rate at which the read counter is count

ing, the fine error signal decreases, causing the gimbal servo amplifier to 

apply an accelerating torque to the gimbals. The gimbal drive rate is limited 

to either 35. 5 ° /second (at the 6. 4 kpps counting rate) or 4. 5 ° /second (at the 

800 cps counting rate). 
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2. 1. 2. 4 Inertial Reference 

The ISS is in the inertial reference mode during any operating period 

in which the LGC does not issue moding commands. The inertial reference 

mode provides a fixed coordinate reference system for attitude and velocity 

measurements. 

During this mode, the stable member is held at a fixed orientation by 

the stabilization loops (see Fig. 2-11). The read counters provide the LGC 

with changes in gimbal angles with respect to the stable member and the 

accelerometer loops provide the LGC with changes in acceleration. The 

coordinate conversion of the gimbal angle sequence transformation assembly 

(GASTA) converts the six signals from the lX gimbal resolvers (sine and 

cosine windings) to the total attitude FDAI display. Hence, the IMU coordi

nate transformation to the indicator coordinates permits display of vehicle 

attitude on the FDAI ball (when ATTITUDE MON selector is i;n PGNS posi

tion). 

2. 1. 2. 5 Fine Align 

The fine align mode precisely repositions the stable member to a co

ordinate frame determined by optical measurements. It is essentially a 

gyro torquing submode of the inertial reference mode. Command discretes 

are not issued, but this submode is entered by the LGC activation of the 

fine align electronics during the inertial reference mode. Upon deactivation, 

the ISS returns to the inertial reference mode. 
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Figure 2-11 illustrates the operating configuration of the fine align mode. 

The error counter is cleared and inhibited. The read counter continues to 

supply gimbal angle data to the computer. Line-of-sight data from the OSS 

is transformed by the LGC into stable member coordinates. From the dif

ference between the actual gimbal angle and the desired gimbal angle, the LGC 

computes the angular rotation about each stable member axis necessary to 

change the stable member to the desired coordinate frame. Thus, the differ

ence (8G - 8c) determines the number of set pulses necessary to be sent from 

the LGC to the torquing electronics. The pulses are generated by the LGC in 

bursts at a bit rate of 3200 pps. Each pulse is equivalent to o. 618 arc seconds 

of gimbal displacement. The LGC simultaneously supplies a torque enable 

command to the PTA, selects the gyro to be torqued, and gates the required 

number of pulses through the fine align electronics to each gyro. The number 

of set pulses to each gyro determine the duration of a constant current 

applied to the torque generator coil which results in a repositioning of the 

gimbal to the desired angle. Upon completion of torquing, stable member 

orientation cari. be checked with another set of star sightings. 

2. 1. 2. 6 Display Attitude Error 

The ISS is in the display attitude error mode during the LGC autopilot 

program. The mode permits att:i.tude error display on the FDAI error needles. 

The ISS enters this mode of operation whenever the error counter enable dis

crete is the only mode command discrete issued by the LGC. (See Fig. 2-12. ) 

The LGC through its autopilot program controls maneuvering and thrust

ing of the LM by issuing commands to the reaction control jets and to the trim 

gimbal. During the display .attitude error mode, the error counter is enabled 
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and thP. read counter continues to supply actual attitude information to the 

computer. The difference between actual attitude and desired attitude (in 

each reference axis) is an attitude error. The LGC transmits AO pulses c 

that are representative of attitude errors into each error counter. These 

pulses are generated at a bit rate of 3200 pps with each pulse equivalent to ~ 

160 arc seconds of error. The output of each error counter is developed into 

an analog error signal and fed to the FDAI error needles (when the ATTITUDE 

MON selector is in PGNS position and the RATE / ERR MON selector is in LOG 

RDR / CMPTR position). The error counter is incremented or decremented 

only from the LGC as the digital feedback from the read counter to the error 

counter is disabled. 

Changes in LM orientation are sensed by the IMU stabilization loops which 

results in gimbal angle resolver output being transmitted to the FDAI eight 

ball for total attitude display and to analog-to-digital converter. The LGC 

uses the resulting read counter information for the LGC autopilot control loop. 

2. 1. 2. 7 Display Inertial Data 

The display inertial data mode is used only during the last phase of a 

lunar descent. During this period the LGC provides inertially derived for-

ward and lateral velocity signals for meter display by utilizing the rendezvous 

radar CDU channels. With the MODE SEL selector on the commander's center 

panel set to PGNS , a dis :rete is sent to the LGC to initialize the mode. Dur-

ing the mode, the ISS CDU error counters are enabled and attitude errors are 

displayed on the FDAI error needles. The rendezvous radar error counters 

are enabled and display inertial data discretes are issued by the LGC. The 

LGC provides forward and lateral velocity to the rendezvous radar CDU channels 

2-26 



which then supply this velocity data to the forward velocity/ lateral velocity 

indicator on the astronaut's center panel (when RATE / ERR MON selector is 

in LOG RDR / CMPTR position). 

2. 1. 3 IMU Temperature Control 

The IMU temperature control circuitry maintains the temperature of the 

stabilization gyros and accelerometers within their. required temperature 

limits during both standby and operating modes of the IMU (see Fig. 2-13). 

Heat is supplied and removed to maintain the IMU heat balance with minimum 

power consumption. Heat is removed by convection, conduction, and radiation. 

The IMU internal pressure is maintained between 3. 5 and 15 psia to enable the 

required forced convection. To aid in removing heat, a water-glycol solution 

at approximately 45. 0 degrees Fahrenheit from the spacecraft coolant system 

passes through the coolant passages of the IMU support gimbal. 

2. 1. 3. 1 Temperature Control Circuit 

The temperature control circuit maintains the gyro and accelerometer 

temperature. The temperature control circuit consists of a temperature con

trol thermostat and heater assembly, a temperature control module, three gyro 

end mount heaters, three gyro tapered mount heaters, two stable member 

heaters, and three accelerometer heaters, and four anticipatory heaters (see 

Fig. 2-13 ). The thermostat and heater assembly is located on the stable member 

and contains a mercury-thallium thermostat, a bias heater, and an anticipatory 

heater. Except for the bias heater, all heaters (a total of 15) are connected in 

parallel and are energized by 28 vdc through the switching action of Q 1 and Q2. 

When the temperature falls below 130 (± O. 2) degrees Fahrenheit, the ther

mostat opens and transistors Q 1 and Q2 conduct and current flows through the 
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heaters. Because of the large mass of the stable member, its temperature 

increases at a relatively slow rate as compared to the gyros. The anticipatory 

heater improves the response of the thermostat to insure that the magnitude of 

the temperature cycling of the gyros and accelerometers is as small as possible. 

When the temperature rises above 130 (± O. 2) degrees, the thermostat closes 

and the base of Ql is shorted to ground, cutting off Ql and Q2. The temperature 

control circuit maintains the average gyro temperatures at 135 (± 1. 0) degrees 

and the average accelerometer temperatures at 130 (± 1. 0) degrees under normal 

ambient conditions. 

The 28 vdc heater power is applied to the heaters through the contacts of 

a safety thermostat which prov.ides protection against an extreme overheat con

dition in case a malfunction occurs in the temperature control circuit. The 

safety thermostat contacts open at 139. 5 (±3. 0) degrees and close at 137 (±3. 0) 

degrees. 

2. 1. 3. 2 Blower Control Circuit 

The blowers maintain IMU heat balance by removing heat. The blowers 

operate continuously during IMU operate modes. They are supplied 28 vdc, 

800 cps power which is also supplied to the gyro wheels (see Fig. 2-13 ). Fused 

phase shift networks are associated with each blower so that excitation and con

trol current can be supplied from the same source. 

The blower control circuit consists of a blower control thermostat and 

heater assembly, a blower control module assembly, two axial blowers, and a 

relay. The contacts of the thermostat contained in the blower control thermo

stat and heater assembly close at 139 (± 0, 2) degrees Fahrenheit and remain 
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closed at higher temperatures. Resistor RS is provided to limit the current 

through the bias heater in the blower control thermostat and heater assembly. 

The amount of heat supplied by the bias heater is a constant. If the duty cycle 

of the temperature control circuit exceeds 50 percent, enough additional heat 

will be provided by the anticipatory heater to increase the temperature of the 

blower control thermostat and heater assembly to 139 degrees Fahrenheit. 

When the thermostat contacts close, transistor Ql conducts and relay Kl is 

energized to remove the power from the blowers. The normal duty cycle of 

the temperature control circuit, with the IMU in a 75 degree Fahrenheit am 

bient temperature, is approximately 15 to 20 percent. Under this condition 

the blowers will operate continuously. Only a very low ambient temperature 

will cause a blower off condition. 

2. 1. 3. 3 Temperature Alarm Circuit 

The temperature alarm circuit monitors the temperature control (see 

Fig. 2 - 13) . If a high or low temperature is sensed by the temperature alarm 

thermostat located on the stable member a discrete is sent to the LGC and 

the PSA. When the temperature is within the normal range of 126. 3 to 

134. 3 degrees Fahrenheit, 28 vdc is applied through the temperature alarm 

transistor which conducts through a ground in the LGC. When the tempera 

ture falls below 126. 3 degrees Fahrenhe~t, 28 vdc is removed from the tem

perature alarm transistor, causing it to stop conducting and thus signaling 

the LGC of an alarm condition. When the temperature rises above 134. 3 

de gr ees Fahrenheit, 28 vdc is applied directly to the base of the transistor as 

well as to the emitter. Thus, the base-emitter junction is no longer forward 

biased and the transistor stops conducting which signals the LGC of an alarm 
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condition. No differentiation is made by the computer between a high or low 

temperature alarm. When the LGC senses a temperature alarm, it causes 

the TEMP lamp on the DSKY to light. When the PSA receives a temperature 

alarm, it sends the information to telemetry. 

2. 1. 4 ISS Power Supplies 

. Four power supplies convert the + 27. 5 vd.c prime power into the various 

voltages required by the ISS. The power supplies employed in the ISS are: 

a. Pulse torque power supply 

b. 800 cps power supply 

c. -28 volt power supply 

d. 3200 cps power supply 

The pulse torque power supply is located in the PT A and the remaining power 

supplies are located in the PSA. Closing of IMU OPR circuit breaker supplies 

the prime +28 vdc to these power supplies. Prime power is redundantly sup

plied to the 3200 cps power supply through the LGC / DSKY circuit breaker. 

In addition to prime power, the ISS power supplies require clock pulses 

from the LGC for synchronization. The de power supplies utilize multivi

brators as ac sources for synchronization. If LGC clock pulses are lost, the 

multi vibrators free run at a lower frequency. 

2. 1. 4. i Pulse Torque Power Supply 

The pulse torque power supply provides 120 vdc to the three binary current 

switches and three de differential amplifiers in the accelerometer loops and the 

binary current switch and de differential amplifier in the stabilization loop fine 
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align electronics. It also supplies three 28 vdc outputs to the accelerometer 

loop precision voltage reference, and 20 vdc and -2 0 vdc to the differential am-

plifiers, integrators, and binary current switches in the accelerometer loops. 

The -2 0 vdc output is derived from the -28 vdc power supply by using a 

zener diode as a voltage divider and regulator. (See Fig. 2-14.) The output 

is regulated at -2 0 (± 0. 8) vdc. The 20 vdc is derived from + 27. 5 vdc prime 

power by the use of a transistor series regulator which maintains the output 

at 20 (± 0. 55) vdc. 

A synchronizing frequency of 12. 8 kpps originates from the LGC and after 

being amplified and inverted is applied to the multivibrator-chopper causing 

it to be synchronized at 6,400 cps. A transistorized time delay circuit is 

incorporated into the emitter circuits of the multivibrator to provide a turn 

on delay of approximately 350 milliseconds. During the 90-second IMU turn 

on mode, O 'vdc is applied through the turn on circuits to the time delay circuit 

which inhibits the 120 vdc and +28 vdc outputs. 

The multivibrator output is applied to the primary of a transformer 

which has prime power applied to its center tap. The secondary of the trans

former is coupled to a two stage push-pull power amplifier which operates 

from prime power. Each of the rectifier regulators obtains full wave rectifi

cation. The precision voltage reference time delay circuit inhibits the opera-
. 

tion of the regulators to provide a 6 to 8 second delay in the 28 vdc outputs. 

2. 1. 4. 2 800 cps Power Supply 

The 800 cps power supply provides 800 cps, 0 phase power for IMU gimbal 

resolver excitation, gimbal servo amplifier demodulator reference, and FDA! 
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and autopilot reference. The two, 5 percent outputs provide gyro wheel 

excitation, IMU blower excitation. and accelerometer fixed heat power. 

Zero and pi phase, 800 cps pulse trains from the LGC synchronize the 

multivibrator at 800 cps. (See Fig. 2-15.) In absence of the LGC pulses, the 

multivibrator free runs between 720 and 800 cps. The multivibrator output 

controls the operation of the chopper and filter circuit. A feedback from the 

1 percent amplifier is detected and added to a de reference signal. The posi

tive sum is filtered and provides a de bias to the multivibrator driven chopper 

for amplitude control. Each of the 5 percent amplifiers perform a -90 degree 

phase shift to achieve the output voltage phasing. A power factor correction 

is maintained by the IMU load compensation network for regulating the three 

output voltages. 

2. 1. 4. 3 -28 vdc Power Supply 

The -28 vdc power supply provides input power to the three gimbal servo 

amplifiers in the stabilization loops and to the pulse torque power supply to 

generate -20 vdc for use in the accelerometer loops. (See Fig. 2-16). The 

2 5. 6 kpps synchronization pulse input is amplified and inverted for use in 

synchronizing the multivibrator-chopper at 12. 8 kcps. The output of the 

power amplifier is transformer coupled to a full wave rectifier and filter 

whose positive side is referenced to ground to provide a -27. 0 (± 1. 0) vdc 

output. 

2. 1. 4. 4 3200 cps Power Supply 

The 3200 cps power supply provides excitation voltage for the signal 

generator and the magnetic suspension portions of the gyro and accelerometer 

ducosyns. The 3200 cps output is also used as a reference for the demodulator 

in the gimbal servo amplifiers. 2-34 
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The excitation voltage to the signal generators requires both voltage 

stability and phase stability. (See Fig. 2-17.) To accomplish this stability, 

the excitation voltage power transmission to the stable member is through a 

step down transformer on the stable member which reduces the slip ring cur

r-ent and, therefore, voltage drop effects due to slip ring, cable, and connector 

resistance. In addition, each wire connecting the output of the transformer to 

the input terminal of each accelerometer is cut to exactly the same length. 

The voltage level at the primary of the transformer is fed back to the power 

supply and is compared to a voltage reference. 

The 3200 pps pulse train inputs synchronize the multivibrator which con

trols the operation of the chopper circuit. The 28 volt rms output of the 

amplifier is transmitted through the slip rings to the transformer on the stable 

member where the voltage is stepped down to 2 volts for the accelerometer 

ducosyns and 4 volts for the gyro ducosyns. A sample of the 28 volt level at 

the primary of the transformer is fed back through the slip rings to the auto

matic amplitude control circuit. The positive peaks of the feedback signal 

are detected and added to a de reference signal. The sum is filtered and pro

vides a de bias to the chopper circuit. The de bias controls the amplitude of 

the chopper output to the filter. 

2. 2 OPTICAL SUBSYSTEM 

The optical subsystem (OSS) consists of the alignment optical telescope 

(AOT) and computer control and reticle dimmer assembly (computer control ). 

The AOT provides sighting data for manual insertion into the LGC to 

accurately establish the inertial reference. The inflight means of data inser

tion into the LGC is by the computer control. 
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The AOT is a unity power telescope with a 60 degree, conical field of view. 

It is mounted on the navigation base with its telescope shaft drive axis parallel 

to the LEM X-axis; thereby, establishing an accurate reference to a selected 

star and a criterion for fine alignment of the IMU. 

2. 2. 1 OSS Theory of Operation 

The AOT is illustrated in a cutaway view in Fig. 2-18. It consists en

tirely of a mechanical and optical constructure operated by manual control. 

The positioning mechanism is operated by the detent control which rotates 

the prism about the shaft axis to any of three viewing positions and three stor

age positions. The function of the worm and gear housing is to locate the 

reticle and provide the means for its manual positioning by the control knob 

mounte~ on the right side of the eyepiece. The counter located on the left 

side displays a visual readout of the angle to which the reticle has been lo

cated. The purpose of the lens and housing and eyeguard is to project- the star 

image in the plane of the exit pupil where it is viewed by th~ astronaut. 

2. 2. 1. 1 Mechanical Positioning 

The AOT is fixed in elevation and movable in azimuth to six detent posi

tions. The three operating positions (L, F, and R) detent the periscope tele

scope at -60, 0, and +60 degrees. Each of these positions maintain the tele

scope field of view (FOV) 45 degrees from the LEM X-axis. The 0 detent posi

tion centers the FOV 45 degrees down from the X-axis in the LEM X, Z plane. 

The -60 and +60 degree detent positions offset the center of the FOV 60 degrees 

in each direction from the X, Z plane. Hence, the bottom of the FOV is 15 

degrees above the LM Y, Z plane to insure that sunlit terrain does not interfere 

with star sightings when the LM is on the lunar surface. The remaining three 

2-39 



9 

1. Prism 
2. Prism Mount 
3. Hood 
4. Objective Housing 
5. Bearings (Duplex) 
6. Objective Lenses 
7. Aspheric Field Lena 
8. IMU Mounting Surfaces (2) 
9. AOT Mounting Surfaces (2) 

10. Baffles (7) 
11 Outer T;ibe 
12. Inner Tube 
13. Pressure Seal 
14. Relay Lenses 
15. Aperture 
16. Relay Housing (Relay HalO 
17. Baffles (4) 
18. Detent Control 
19. Ring Gear 
20. Window 
21. Mirror 
22. Reticle & Cover 
23, Bearings (Duplex) 
2L Worin & Gear Hsg. 
25. Focus Control 
26. Reticle Control 
27. Worm Gear 
28. Lamps (10) 
29. Reticle Gear 
30. Angle Counter 
31. Eyeguard 

31 32. Eyepiece Lenses 

Fig. 2-18. Alignment optical telescope cutaway view. 

2-40 



detent positions (RR, CL, and LR) are intended for reversing the telescope 

prism so its frontal plane is protected by a shield. (In an emergency on the 

lunar surface, manual removal of the shield would allow these positions to be 

used for viewing. ) 

Positioning is obtained by rotating the detent hand knob. The lettered hex 

knob is turned until the desired detent position is obtained. By means of a 

bevel pinion the bevel shaft is rotated until the detent ball contacts the gear 

hub. The gear hub contains detent grooves on its periphery to hold the position . 

2. 2. 1. 2 Optics 

A schematic of the AOT optics is presented in Fig. 2-19. TLe main com

ponents are the head prism, objective lens assembly, relay lens assembly, and 

the eyepiece assembly. 

The head prism is fixed in elevation and in conjunction with the inner 

tube is movable in azimuth to any of the six detent positions. Acting as a 

mirror, the prism through its internal reflections diverts the· star image into 

the telescope inner tube. In the 180° detent position, the viewing surface of 

the prism is covered by the prism shield to protect its surface from micro

meteorite impingement . 

The objective lens assembly provides for focusing of the target image at 

the eyepiece side of the field lens. Image diameter at the first focal plane is 

approximately 0. 0006 inch. The objective lenses are coated black on their 

periphery for elimination of scattered light in the OP.tical path. 

The relay lens assembly transfers and focuses the image at the second 

focal plane located at the reticle. A glass window is mounted between the 

relay lens and the eyepiece to provide a seal between assemblies. Also 
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located between the relay lens and eyepiece is a specially coated beryllium 

mirror fixed at an angle of 45 °. This mirror reflects the image from the 

relay lens into the eyepiece. 

The eyepiece assembly magnifies the reticle and star image for viewing 

at the exit pupil 1. 5 inches behind the last lens element. The image at this 

point is erect and noninverted. 

2. 2. 1. 3 Computer Control and Reticle Dimmer Circuitry 

The computer control and reticle dimmer assembly (computer control) 

routes heater power to the AOT, supplies reticle lamp power to the AOT, and 

supplies the mark discretes for inflight star sightings to the LGC (se e Fig. 2-2 0) . 

The 1l5v, 400- power is stepped down to 6 volts and full-wave rectified. The 

!NCR RETICLE BRIGHTNESS control permits adjustment of the voltage supplied 

to the reticle lamps from O volts (fully counterclockwise) to 5 volts (fully clock

wise ). Transistor protection is provided by the limit switch which closes at the 

fully clockwise position to prevent too high a voltage being applied to the base. 

2. 2. 2 .OSS Modes of Operation 

The two IMU alignment modes of operation are inflight and lunar surface. 

2 . 2. 2. 1 Inflight IM U Alignment 

For inflight fine alignment of the IMU, AOT sightings must be taken on 

two stars. (See Fig. 2 - 21 for the inflight IMU alignment data flow.) The 

following preparations are made for these sightings: 

a. CB AOT LAMP is closed 

b. The telescope is set to a sighting detent position 

c. The AOT optics reticle light brightness is adjusted by the 

!NCR RETICLE BRIGHTNESS control 
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d. The reticle counter is set to zero 

e. The star code and detent position code are keyed into the DSKY. 

Optical sightings are then made by maneuvering the LM in attitude until a 

selected star is approximately centered in the FOV. (If necessary. the focus 

control is adjusted.) The LM is then maneuvered so that the star image crosses 

the reticle crosshairs (see Fig. 2-22) near the center of the FOV. When the 

star image is coincident with a reticle X-line, the astronaut presses the M A RK 

X pushbutton and when the star image is coincident with a reticle Y - line, he 

presses the M ARK-Y pushbutton. If a mistake is made, the REJECT button is 

pressed to eliminate the last mark. 

When a mark button is pressed, a discrete is transferred from the compute r 

control and reticle dimmer assembly to the LGC. The computer records the 

time. the type of mark, and the IMU gimbal angles at the instant of mark. The 

star code number was entered into the DSKY at the beginning of the sighting 

mark routine (R53). Hence, crossing of a reticle line by the star image defines 

a plane containing the target star. Crossing of the other reticle line defines 

another plane containing the target star. The intersection of these planes for m 

a line defining the direction of the target star. 
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2. 2. 2. 2 Lunar Surface IMU Alignment 

During lunar surface IMU alignment, the target star can be selected in 

either the AOT left, right, or forward viewing positions. The astronaut using 

the manual drive knob, adjusts the reticle to superimpose the orientation line 

or Y line on the target star (see Fig. 2-23). This reticle angle displayed on 

the AOT counter is then inserted into the LGC via the DSKY. This provides 

the computer with the star orientation angle (shaft angle). The astronaut then 

continues to rotate the reticle until a point on the spiral is superimposed on 

the target star and enters this angular readout into the computer via the 

DSKY. The AOT detent position and star code number are also inserted into 

the LGC via the DSKY. The computer can now calculate the angular displace

ment of the star from the center of the field of view by computing the differ

ence between the two counter readings. At least two star sightings are re

quired for IMU fine alignment. 

2. 3 RENDEZVOUS RADAR SUBSYSTEM 

The rendezvous radar subsystem (RRS) consists of the rendezvous radar 

(RR) and two channels of the CDU. An 800 cps reference voltage is provided 

from the PSA. The radar consists of an antenna assembly and an electronics 

assembly. The antenna assembly is a two degree of freedom device which 

contains the two-foot, four-horn cassegrain antenna. The antenna has a narrow 

4 ° beam. The electronics assembly contains most of the radar circuitry, but 

the microwave radiating and receiving circuits are in the antenna assembly. 

Hence, the use of microwave rotary joints has been avoided. Flexible low 

frequency coaxial cables connect the outboard antenna components to the in

board electronics assembly. A flexible cable wrap-up system is used at 

each of the rotary bearing points. 

2-48 



ORIENTATION LINE 

FIELD OF VIEW 60• 

ZERO 
REFERENCE 

L 

-v 

~...-..... -AUXILIARY LINE 
NORMAL TO 
ORIENTATION LINE 

Fig. 2-23. Alignment optical telescope reticle pattern. 

2-49 



The accuracy requirements for RR are governed by the allowable fuel 

expenditures for main propulsion and attitude jets to execute the trajectory 

corrections required for rendezvous. The long range, accurate system per

mits corrections in rendezvous trajectory to be made early, thus requiring 

less fuel. 

2. 3. 1 RRS Theory of Operation 

The RRS is an amplitude comparison, monopulse tracking system. When 

tracking or locked on to the CSM transponder, the RR is a continuous wave, 

coherent system that uses phase lock techniques. Range is measured by com

paring the received modulation phase with the transmitted modulation phase. 

A block diagram of the subsystem is illustrated in Fig. 2-24. A fre-

quency synthesizer develops the reference frequency for the transmitter. 

This frequency is multiplied to X band. During the transponder tracking, the 

transmitter frequency is phase modulated by three frequencies (200 cps, 6. 4 kc, 

and 204. 8 kc) generated from a reference counter in the range tracker. The 

phase modulated signal is applied to the antenna for radiation. The radiated 

energy incident upon the CSM transponder activates the transponder such that 

the tones are removed, the radio frequency is side-stepped, the tones are re -

placed, and the energy is returned to the RR antenna. The return signal, 

when combined with the transmitted frequency, results in a difference fre

quency. Resulting IF signals to the IF receiver produce a sum signal (with 

tones) to the range tracker. The range tracker compares sequentially the 

phase of the 200 cps, 6. 4 kc, and 204. 8 k.c return modulation with the 
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·, phase of the reference signal from the reference counter to provide range 

information to the computer interface. Phase comparison between the return 

and reference signals provide unambiguous ranging from approximately 80 

feet to 390 nautical miles. 

The received frequency is not constant, but varies with changing 

range. .This difference in frequency caused by the changing range is 

called the doppler frequency. The doppler frequency is a function of 

the rate of range change. Thus, by measuring the doppler frequency 

the range rate may be determined. The frequency tracker detects 

the doppler frequency by continually comparing the received frequency, after 

it has been converted to IF, with a reference frequency. A voltage controlled 

oscillator (VCO) in the frequency tracker is maintained at the reference fre

quency plus the doppler frequency by means of an automatic phase lock loop. 

Any change in doppler frequency results in a corresponding change in VCO 

frequency. The instantaneous frequency of the VCO then indicates range rate. 

The doppler frequency component has to be eliminated from the ranging 

and antenna positioning circuits for it would result in inaccurate information. 

Therefore, the loop controlling the VCO frequency encompasses part of the 

receiving circuits. In that way, this loop removes (washes out) the doppler 

frequency from the ranging and antenna positioning circuits but still is effec

tive in maintaining the VCO at the doppler frequency plus the reference 

frequency. 
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The returned energy is received by four feed horns arranged in a simul

taneous lobing configuration. If the transponder is directly in line with the RR 

antenna line-of-sight, the return energy is equally received by each of the four 

feed horns. If the transponder is not directly in line, the amount of energy 

received by each feed horn is not equal . 

. The position of the transponder with respect to the RR line-of-sight deter

mines the type of antenna pointing error generated. With the RR line-of-

sight directly below the transponder, an X coordinate pointing error is gene

rated. The receiving circuits contain three similar channels: the X channel, 

the Y channel, and the sum channel. The X channel input is the difference in 

received energy between the vertically adjacent feed horns. The Y channel 

input is the difference in received energy between the horizontally adjacent 

feedhorns. The sum channel input is the sum of the received energy of all 

four feedhorns. 

After triple conversion, the sum channel output is ·compared with the X 

and Y channel outputs to obtain drive signals for the antenna (shaft LOS error 

and trunnion LOS error). The effect of these drive signals is to eliminate the 

antenna pointing error. This automatic antenna positioning loop then keeps 

the RR antenna line-of-sight directed at the transponder. Vehicle motion is 

compensated for in the antenna positioning loop by use of a gyro stabilization 

loop. The position of the antenna, as a result of the antenna positioning and 

stabilization loops, indicates the direction of the transponder with respect to 

the LM vehicle. Resolver outputs (lX and 16X) indicating antenna position 

are provided to the LGC by way of the CDU. Hence, the LGC can use the 

directional data for rendezvous maneuver computations and automatic tracking. 

The shaft and trunnion resolvers are the same type as in the IMU. 
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In addition to tracking, the antenna may be positioned for acquisition 

purposes either by manual commands from the radar panel or automatically 

by the LGC. The maximum antenna angular slew rates are 3 ° per second, 

although higher rates can be commanded. The antenna can be slewed manually 

by a commanded rate of 9° per second or 1. 3°per second by an open loop 

servo, with the astronaut observing the antenna angles on the FDAI. The LGC 

I can command up to ~ 1 0 deg/ seconds. For . a precision angle readout, 

the maximum antenna angular tracking rates are limited to 1 ° per second. 

Analog displays for range, range rate, ·antenna angles, and antenna an

gular rates are provided to the astronauts for manual control interfaces. 

Self check circuitry within the radar includes a built in test for simulating 

returned energy. 

2. 3. 1. 1 Frequency Synthesizer 

The frequency synthesizer generates all of the fixed frequencies re

quired for coherent signal transmission and reception. A single l . 7 mega

cycle stable crystal oscillator (Colpitts common base) and a system of 

multiplication, division, and mixing are used to produce the required fre

quencies (see Fig. 2-25). A CW output signal of 102. 425 megacycles is 

generated for ·excitation of the transmitter multiplier chain. The synthesizer 

also generates various local oscillator, clock, and reference frequencies 

used by the receiver, the computer interface, and the trackers. 
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2. 3. 1. 2 Antenna Microwave Electronics 

The antenna microwave electronics consists of the transmitter, the 

phase modulator, the receiver RF section, and the duple~er (see Fig. 2-26). 

The antenna transmits and receives circularly polarized radiation so as to 

minimize the signal variations resulting from attitude. changes of the linearly 

polarized transponder antenna. Components are distributed inside the antenna 

to achieve balance around each axis. 

The multiplier chain supplies X-band power for radiation and local 

oscillator excitation. This is feasible, since the transponder replies with a 

frequency side-step equal to the radar first IF frequency (40. 8 megacycles). 

The multiplier chain, frequency multiplies the inputs from the synthesizer 

96 times to obtain the X band frequencies. The heat dissipated by the multi

plier chain is radiated back into space by the antenna dish. The phase

modulator utilizes a ferrite rod inside a waveguide and a solenoid for varying 

the magnetic field inside the rod. Ranging tone signals are applied to the 

solenoid, varying the length of the rod, and providing phase modulation of the 

X-band carrier. 

The polarization duplexer is a switching device between the receiver and 

transmitter. It permits energy to enter the receiver if the energy is a low 

level and is approximately 9792. 0 megacycles. Hence, only the side-stepped 

returns enter the receiver. This is accomplished by magnetic biasing so 

that permeability characteristics provide mutual interaction of the magnetic 

field from electromagnetic energy of a specified frequency range. 
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Since each of the antenna feed horns receive some of the returned energy, 

the RF signal is passed through the circulator to the monopulse comparator 

which processes the signal to develop the required sum and difference signals. 

The Y diff ere nee signal produced from the energy difference between hori

zontally adjacent feedhorns is an indication of shaft La5 error and the Z-axis 

difference signal produced from the energy difference between vertically ad

jacent feedhorns in an indication of trunnion La5 error. The sum frequencies 

from the four feedhorns is used as a signal strength reference. 

The preamplifiers are tuned to a difference frequency of 40. 8 megacycles. 

This differenc~ frequency is developed by the difference between the trans

mitted and received frequencies. 

The se~f test signals simulate received energy for testing purposes. In 

addition, when the TEST/ MONITOR selector on the radar panel is in RNDZ 

RADAR XMTR PWR position the transmitter output power from the test 

coupler and transmitter distribution network can be monitored on the radar 

panel SIGNAL STRENGTH meter. 

2. 3. 1. 3 I.F Receiver 

The receiver is a highly stable three-channel, triple-conversion super

heterodyne. It has intermediate frequencies of 40. 8 me, 6. 8 me, and 1. 7 me 
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(see Fig. 2-27). The bandwidth of the first and second IF amplifiers is 

approximately 3 megacycles and the bandwidth of the third IF amplifier is 

approximately 1 kilocycle. Two channels are provided for amplifying the 

shaft and trunnion axis error signals and one channel is provided to amplify 

the sum or reference signal. The receiver also includes phase sensitive 

detectors for generating angle error signals, an AGC circuit for controlling 

the gain of the three receiver channels, an IF distribution amplifier unit for 

supplying reference channel signal to range and frequency trackers, and a 

gated local oscillator mixer for generating the local oscillator signal. 

The second local oscillator frequency is obtained by beating the frequency 

tracker VCO output with a reference frequency to produce a sum frequency 

exactly 6. 8 megacycles lower than the incoming 40. 8 megacycle doppler 

shifted frequency (± fd). That is, the doppler shifted frequency is removed 

and all subsequent signal processing is accomplished at fixed carrier fre

quencies, but an indication of the doppler frequency is .maintained by the fre

quency tracker VCO frequency. The VCO is maintained at 6. 8 me ± fd and 

varies in frequency only according to the changes in doppler frequency. There

by, maintaining the IF receiver outputs to the antenna servo electronics free 

from doppler errors in maintaining the monopulse. 

The sum channel is used for AGC development, for development of the rang

ing and range rate signals, and for comparison reference to the X and Y 

channels. Comparison of the sum channel output with the X and Y channel 

outputs provides drive signals for the antenna to eliminate the antenna point

ing error. The phase sensitive detectors convert the outputs of the. shaft and 

trunnion channels to two bipolar-video angle error signals. A 6. 8 mega-

cycle signal is routed from the sum channel to the range tracker where pro -

ceasing begins for range and range rate definition. 
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The most stringent requirement on the receiver is that the three 

channels must gain-track within ± 2. 5 db and phase track within 27 degrees 

over a dynamic range greater than 110 db, and a temperature range of greater 

than 70 ° C. 

Positioning of the TEST/ MONITOR selector to AGC position permits 

display of the incoming signal strength, to SHAFT ERR position permits the 

SIGNAL STRENGTH meter to show movement of antenna shaft, and to TRUN 

ERR position permits the SIGNAL STRENGTH. meter to show movement of 

antenna trunnion. 

2. 3. 1. 4 Range Tracker 

The range tracker is used to determine the range to the transponder by 

measuring the phase angle between the transmitted tones and the received 

tones. The received sum signal (at 6. 8 me) is demodulated in a coherent 

product detector which uses a 6. 8 megacycle quadrature reference (see 

Fig. 2-28). The individual sinewave tones are extracted from the receiver 

noise using bandpass filters to the tone frequencies. Range phase-delay is 

measured independently on each of the three tones in a closed tracking loop. 

Three reference square waves are locally generated each having variable 

phase with respect to the transmitted tones. This phase delay is adjusted 

until the · reference square waves have matching phase with respect to each 

of the received tones. (The 200 cps, 6.4 kc, and 204. 8 kc signals are nulled 

in order. ) These reference square waves are. produced digitally by com

parison between a running high-speed counter and a low-speed forward

backward range counter. The low-speed range counter is driven forward 

or backward until phase null is achieved in each of three phase detectors. 

The range counter is driven forward or backward by incremental range pulses 
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obtained from a de to PRF converter controlled by weighted integration of the 

three phase detector error signals. When acquisition is obtained, the lock-on 

indication is sent to the computer interface which sends the data good discrete 

to the LGC. 

The digital count is transferred from the low speed counter to an 18-bit 

shift register which supplies the count to the computer interface, transponder 

mode display processor. In addition, when the transfer signals are received 

from the LGC, 15-bit range data is entered into the LGC range register via a 

transfer register in the computer interface. 

The 15-bit range data routed through the computer interface to the LGC 

has two different scalings. As a result, the LGC must be aware of what scaling 

is being used for the transferred range data. Range low scale factor switching 

is implemented automatically by the scale logic at a range of approximately 5 O . I 
584 nautical miles. That is, 15 of 18 bits are gated to a counter in the com-

puter interface and range scaling is a factor in determining whether the 15 

least significant or 15 most significant bits are gated out. At ranges greater than 

50. 584 nautical miles, the most significant bits are transferred and at 

ranges of less than 50.584 nautical miles . the least significant bits are trans 

ferred . A discrete is initiated from the scale logic to inform the LGC that low 

scale factor is in effect when such a change takes place . 

As a result of this most or least significant bit transfer, an 8 to 1 ratio 

exists between high and low scale factors. The low scaling is approximately 

9. 38 feet/bit and the high scale factor is approximately 75. 04 feet/bit. The 

range scale factor switching does not occur during range data transfer. 
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2. 3. 1. 5 Frequency Tracker 

The frequency tracker tracks the coherent narrow-line spectra received 

from the transponder. The tracker is switched to phase-lock the VCO with 

this narrow-line spectrum. This switching is initiated by the bandwidth con

trol signal (see Fig. 2-29). 

The phase detector for the phase lock loop uses a 6. 8 megacycle signal 

from the frequency synthesizer as a reference. Balanced modulators perform 

a phase detection function, giving an output proportional to phase difference 

between input and synthesizer reference. The notch filtering removes the 

audio tones which would otherwise introduce large errors. The resultant 

error signal drives the VCO to such a frequency that when it is used as the 

local oscillator signal for the second IF mixer after being mixed with a 27. 2 

megacycle synthesizer signal, it removes the doppler frequency shift from 

all signals in succeeding IF stages and assures passage of the signal through 

the 1. 7 m'egacyclc filters. 

The tracker utilizes a frequency sweep circuit for sweeping the VCO 

frequency across the doppler frequency range (± 100 kc), searching for the 

received signal. A threshold circuit senses the presence of carrier signal 

by comparing the narrow band frequency with the wide band ambient noise 

level. Upon detection of a preset value, it stops the sweep, and permits the 

VCO to phase lock. When lock on is obtained, an indication of this condition 

is forwarded to the computer interface. 
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Changes in range are indicated by the difference frequency (fd). The VCO 

maintains an indication of range rate by being held to 6. 8 me ± fd which is 

sent to the receiver for doppler frequency washout. This 6. 8 me ± fd signal 

is also mixed with a reference frequency to obtain the range rate frequency 

which is decoded to a digital format in the computer interface. 

The display mixer provides a difference frequency signal tot.he quantizer 

which processes the signal and routes it to the computer interface for display 

drive. 

2.3.1.6 Antenna Control Assembly 

The antenna control assembly contain amplifiers for driving the antenna 

shaft and trunnion axis servo motors; amplifiers for driving the gyro torquer 

coils, and voting logic for selecting the correct gyro pair (see Fig. 2-30). The 

control assembly, in connection with the antenna components and radar re

ceiver, form an inner and outer closed loop for each axis. The inner or 

stabilization loop maintains the antenna boresight axis fixed in inertial space 

in the presence of body motions. The outer or tracking loop maintains the 

antenna boresight on the target based upon tracking error signals from the 

monopulse receiver. 
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The antenna is designated to the target by commands from the LGC (via 

the CDU ) or the astronaut. In the LGC mode, the LGC designates the antenna 

boresight to the target, supplying an automatic track enable discrete to the 

RR when the boresight is within 1/ 2 ° of the computed line of sight. This to

gether with frequency lock on causes the loop to close. The antenna then 

continuously tracks the target by maintaining the monopulse receiver angle 

error signals at null. 

By the command and error signals received, the gyro voting logic selects 

the gyro torquing signals to be generated. Gyro monitoring is performed to 

check the performance of the gyros. If an abnormal performance is obtained, 

the gyro voting logic automatically transfers control to a backup gyro. 

For LGC operation, the CDU monitors the lX resolvers in the antenna 

servo mechanism directly. The 16X resolvers are monitored via buffers in 

the antenna control assembly which also provide the shaft and trunnion drive 

limiting signals. In order for the astronaut to view the shaft and trunnion 

angle rates, he must set the RATE/ ERR MON selector on the system engineer's 

center panel to the RNDZ RADAR position. 

2. 3. 1. 7 Antenna Assembly 

Four rate-integrating gyros are used for line-of-sight space stabilization 

and line-of-sight angle rate measurement (see Fig. 2-31). They are located 

in the lower section of the trunnion axis to act as a counter weight. Only two 

of the gyros are used at any one time and a voting logic is utilized to transfer 

control to the other two gyros in the event of a failure in either of the two gyros 

being used. The voting logic system compares the two active and one of the 

redundant gyro outputs. 
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The antenna shaft and trunnion motors are 32-pole, brushless, permanent

magnet rotor type s driven by pulse - width modulated drive signals applied to 

sine and cosine windings of each motor. Reversal of the direction of rotation 

is accomplished by reversing the motor windings across the pulse-width 

modulated drive voltage obtained by on/ off switching of the 28 volt de power 

at 1. 8 kc rate . 

A two-speed resolver is mounted on each axis for high accuracy angle

data pickoff for the LGC and for display. 

2. 3. 1. 8 Coupling Data Unit Channels 

Positioning of the RR antenna can be accomplished by the LGC via the 

CDU. Shaft and t runnion angle errors are supplied by the LGC and the an 

tenna resolvers provide antenna angle information to the LGC. 

The LGC initializes the RR CDU channels by sending an RR CDU zero 

discrete to the CDU which simultaneously clears the two read counters and 

inhibits the transmission of incrementing pulses to the read counters . After 

the removal of the RR CDU zero discrete, which enables the read counter, a 

rendezvous radar error counter enable is issued by the LGC which simul 

taneously enables both error counters. The error counters are normally in 

hibited and zeroed. The LGC (via the CDU digital-to-analog converters) 

positions the radar antenna. 

The digital -to-analog converter outputs provide 800 cps torquing signals 

to the rate gyros. The maximum value of these torquing signals is 5. 06 vac, 

which corresponds to a rate command of s:=lO 0 per second. The signal is derived 

from the digital - to -analog converter in 384 positive and equal amounts of 

negative steps. Each step equals 0. 0132 vac. The polarity is contained in 
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( the phase of the 800 cps signal. Since the read counters are enabled during 

the operation, the change in position of the antenna is sent to the LGC. (De-

tailed operation of these two channels of the CDU is similar to that described 

in paragraphs 2. 1. 1. 2 and 2. 1. 1. 3.) 

2.3.1.D Built in Test 

Radar self - test circuits are located in the frequency tracker subassembly. 

These circuits permit testing of the radar without the presence of a cooperat-

ing transponder (see Fig. 2 -32). The self-test circuit permits a check of 

transmitter power, phase - lock at minimum signal level~ angle error detec -

tion, AGC action, range and range rate measurement. Insertion of single 

values of range and range - rate permit quantitative checking via the displays. 

The self - test circuit is disabled when the radar is in the automatic mode . 
.. 

When the RADAR TEST selector on the radar panel is set to the RNDZ posi-

tion, a discrete is sent to the RR. This discrete is ANDed with another de-

rived from the RENDEZVOUS RADAR mode selector in either the AUTO TRACI..,: or 

SLEW positions . This ANDing produces the self-test enable which activates 

the oscillator. Modulation tones are superimposed on the oscillator output. 

The carrier is frequency multiplied and the tones are phase shifted to simu-

late returned energy. Range - rate inforJT1ation is contained in fixed IF offset 

of 10 k:"'c, corre!"?O"':U~::_- to a velocit" of ~00 ft/ sec. 

2. 3. 1. 10 Computer Interface 

The computer interface is primarily a signal data converter. It acl·cpts 

range and range - rate data from the range and frequency trackers for con -

version to the : 15 - bit serial format required by the guidance computer. Data 

is shifted out to the computer on range or range - rate output lines as requested 

hy the computer. It also sends various discrete radar status indications to 
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/' the computer, selects radar modes, and processes display data for activation 

of the astronaut display panels. 

As shown in Fig. 2-33, the LGC furnishes timing pulses in the form of 

range and range rate strobe pulses and reset pulses. The range and range 

rate strobe pulses enable the respective transfer gate so that the range and 

range rate data can be gated to the high speed counter. The LGC initiates the 

counter readout command and the 15 bit range data is transferred via the 

15 bit shift register to the LGC registers over two separate .lines. The range 

or velocity data is transferred serially to the, LGC with the most significant 

bit being transferred first. 

The range or range rate transfer gate that is enabled is determined by the 

bit configuration of LGC output bits 1, 2, and 3 of channel 13. When in a 001 

configuration, range is transferred and when in a 010 configuration range rate 

is transferred. 

The pulse generator and display driver processes the signals for the 

range and range rate indicator displays. In order for RR range and range 

rate to be displayed, the ALT / RNG MON selector on the commander's 

center panel must be in the RNG/ RNG RT position. 

When the target is acquired by the RR positioning the antenna, a data good 

discrete is routed to the LGC. The data good discrete is defined as being the 

ANDing of range, range rate, signal-to-noise ratio, and gimbal angles within a 

µermissible range. The LGC will not accept range, range rate or angular infor

mation for computation purposes unless the data good discrete is present. While 

this discrete is not present, the no track indication discrete will light the NO 

TRACK indicator on panel III. If the RR is in LGC controlled status with data 
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read but the CSM is not acquired, the data good discrete is absent and lights 

the TRACKER indicator on the DSKY. 

2. 3. 2 RRS Modes of Operation 

The RRS modes of opera.tion are manual, LGC, reposition, designate, 

search, and auto track. Associated with these modes is the position of the 

antenna mode selector: · SLEW, LGC, and AUTO TRACK. (See Fig. 2-34.) 

For the antenna manual mode, antenna positioning commands originate 

from the radar panel controls. The mode is selected by setting the antenna 

mode selector to the SLEW position. The SLEW RATE selector is in either 

the HI or LO position; permitting manual slewing at 9 ° per second in the HI 

position or 1. 3 u per second in the LO position. The direction of manual 

slewing is determined by the SLEW switch by the UP, DOWN, LEFT or RIGHT 

positions. The SIGNAL STRENGTH meter is used to aid in acquisition by ob

taining a near peaked AGC indication. The shaft or trunnion error is displayed 

when the TEST MONITOR switch is set to the SHAFT ·ERR or TRUN ERR posi

tion. Thus, the meter displays a diminishing error signal as lock is approached 

(that is, as manual positioning approaches the LGC calculated LOS). 

Upon manual acquisition, the NO TRACK light is extinguished and the RR 

automatically maintains tracking. If switching is proper, the range and range 

rate are displayed by the RANGE and RANGE RATE meters. 

Setting the antenna mode selector to the LGC position enables the LGC 

to control antenna positioning via the CDU . The LGC is notified that the an

tenna is in this mode and that RR power is on by a discrete to the LGC. The 

LGC computes the LOS angle to the CSM and then points the LM +Z 

axis to the target (assuming free flight). 
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The radar antenna, under computer control, is designated in angle so 

that its transmitted CW radiation can be received at the Transponder. The 

resolver angle readouts are available to the LGC and to the FDAI display. 

The RR antenna shaft and trunnion operating regions are shown in Fig. 2-34A. 

The Transponder, which was previously sweeping in frequency, senses this 

radiation, stops its sweep and phase locks to the received radar signal. It 

then retransmits this signal sidestepped by 40•8 me. 

The radar receiver, which was previously sweeping in frequency, stops its 

sweep and phase locks to the received Transponder signal. 

The computer transmits "auto track enable" when antenna LOS arrives with

in 1/2° of the computed target LOS. 

The radar angle tracking loop is closed, 

The radar activates ranging modulation and the range tracking error is 

nulled within approx. 11 seconds. 

The radar indicates a "data good" condition to the LM guidance computer, 

based on both range and range-rate lock on completion. Range and range 

rate data are now available to the computer and Astronaut Display Panel. 

Angle . rate also is available to the display panel as well as shaft and trunnion 

angles, and the "No Track Light" is extinguished. 

The LGC program used for radar control is P20. P20 is selected by the 

astronaut by DSKY entry. It may be terminated by the selection of the LGC 

idling program (POO) or by V56E. POO selection will terminate P20 and any other 

program in progress and establish POO. All other programs selected will change 

the program number displayed on the DSKY but will not terminate P20. This 

program is therefore designed to operate automatically and simultaneously 
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with another program without requiring use of the DSKY unless non-nominal 

circumstances require LGC communication with the astronaut. If V56 is 

keyed into the DSKY and P20 is the only program in progress, the FINAL 

AUTOMATIC REQUEST TERMINATE ROUTINE (ROO) will be initiated. 

If the data good discrete is not received by the LGC within 45 seconds 

of entry into the designate mode, the PROG indicator is lighted and the DSKY 

displays V05N09 and error code 00503. The astronaut can then enter the 

manual mode or search mode. The search mode is then initiated by DSKY 

entry PRO. In the search mode, the LGC continuously generates a 5. 6° by 

5.6° hexagonal search pattern about the LOS. The time to complete one 

search is about 42 seconds. During the search mode, the RR track enable 

discrete is issued so that the RR may acquire the target. 

The auto track mode can be entered upon target acquisition from either 

the manual or LGC designate modes. Control of antenna positioning is then 

obtained within the RR by means of the shaft and trunnion error signals. 

The error signals from the IF receiver: are amplified and provide drive to 

the shaft and trunnion torque motors. 
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2. 3. 3 RRS Power Supply 

The RR power supply is basically, a highly efficient de-de converter 

which provides six regulated de output voltages (+25 vdc No. 1, +25 vdc No. 2, 

+12 vdc, + 12 vdc, +6 vdc, and +4 vdc). The unit utilizes the method of switch

ing tap modulation for input regulation. After chopping, rectification and 

filtering, series regulators are used at each output. A chopping frequency of 

20 kilocycles is used to minimize the weight of transformer and ripple filter 

components. Short circuit protection circuitry senses overload current con

ditions on any of the output lines and deactivates the 20 kc chopping oscillator 

for a preset period of time. If the overload has been removed after this time, 

normal op~ration is resumed. If it has not, the deactivation cycle continues 

until the overload is removed. 
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1 2. 4 COMPUTER SUBSYSTEM 

The computer subsystem (CSS) is the control and computational center 

of the PGNCS. It consists of the LGC and the DSKY. The LGC is a core 

memory, parallel digital control computer with two types of memory, fixed 

and erasable. The main task of the LGC is to execute the programs stored 

in the memory. Programs are written in a digital machine languag<-: called 

basic instructions. A basic instruction contains an operation (order) code 

and a relevant address. The computer logic decodes the order code to ob-

tain the data flow within the LGC and uses the address code to select the 

data that is to be used for computations. With the DSKY keyboard t~e astro

naut can load information into the LGC, initiate any program stored in 

memory, and retrieve and display information contained in the LGC. 

The LGC stores data pertinent to the flight profiles that the spacecraft 

must assume in order to complete its mission. This data includes position, 

velocity, and trajectory information and is used by the LGC to solve the 

various flight equations . (LM position and velocity is maintained within the 

LGC in t he form of a six-dimensional vector called the stat e vector. ) The 

results of these equations can be used to determine the r equire d magnitude 

and direction of thrust required. Corrections to be m ade are established by 

t he LGC. The spacecraft engines are turned on at the correct time, and when 

required, steering signals are controlled by the LGC to reorient the spacecraft 

to a new trajectory. The ISS senses acceleration and s upplie d velocity changes 

to the LGC for calculating the total velocity. Drive signals are s upplied from 

t he LGC to the ISS for alignment of the IMU and to the RR for t he antenna 

tracking profile. CDU position signals are fed to the LGC to indicate changes 
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in gimbal angles, which are used to keep cognizant of the gimbal positions. 

The LGC receives angular information from the OSS to calculate present I position and orientation . 

2. 4. 1 LGC Language 

The LGC uses the binary ones complement number system. In this 

system, a negative binary number is the complement of the corresponding 

positive binary number. Functional operations occur through the processing 

of words. All words are 16 bits long in the LGC and are of two basic types: 

data words and instruction words. The format of the words depends on 

where the words are located. Figure 2-35 shows the word formats in mem-

ory and in the central processor. In memory, data words contain a parity 

bit, fourteen magnitude bits, and a sign bit. A binary one in the sign bit in

dicates a ne'gative number and a binary zero in the sign bit indicates a 

positive number. When located in the central processor, bits 1 through 14 

are the magnitude bits, bit 15 is the uncorrected sign bit, and bit 16 is the 

sign bit as before. The uncorrected sign bit is used to enable an overflow 

detection without destroying the sign bit when two numbers are manipulated. 

Parity bits are only included in words that are stored in memory. 

2. 4. 1. 1 Instructions 

An instruction word in memory contains a 12 bit address code and a 

3 bit order code. Bits 10 through 12 are sometimes used to extend the order 

code when transferring to the SQ register. The address code normally calls 

out a word location m memory or in the central processor. The order code 

represents an operation which is to be performed on the data whose location 

is defined by the address code. 
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Fig. 2-35. Word formats in memory and central processor. 
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The LGC has three classes of instructions: regular, involuntary, and 
) 

peripheral. Regular instructions are programmed and are executed in what-

ever sequence they are stored in memory. Involuntary instructions, are not 

programmable, with the exception of one instruction which may be program

med to test computer operations. Involuntary instructions have priority over 

regular instructions and are executed at the occurrence of certain events during 

normal operation. The peripheral instructions are used when the LGC is con-

nected to ground test equipment and are therefore not used during a flight. 

2. 4. 1. 1. 1 Regular Instructions. Four types of instructions comprise 

the regular instruction class. They are the basic, channel, extracode, and 

special instructions. Basic instructions are the most frequently used in-

structions. The instruction words stored in memory are called basic in-

struction words. As shown in Fig. 2-36, these words contain a three bit 

order code field and a twelve bit address field. The content of the order 

code field defines the instruction and is represented by a single-digit octal 

number with the octal point at the right. The content of the address field 

defines a location and is represented by a four-digit octal number with the 

octal point at the left. An instruction word in' memory therefore may be 

written as a five digit octal number (e.g., 2. 0314). The order code field 

is extended an additional bit when the basic instruction is transferred from 

memory to the central processor. Therefore, the instruction word used in 

the example changes to 02. 0314 in the cent:r~al processor. This additional 

high order bit is always zero for basic ~nstructions. When the LGC is 

switched to the extend mode, the high order bit is one, indicating that an 

extracode or channel instruction will be executed next. 

2-84 



) 

0 , 

15 10 • • 

I- 0110£11 COO[ - .... -----------
FIELD 

I 

ADDllUI "ELD 

o. IASIC INSTllUCTION WOllD IN lil[MOllY 

OCTAL 
l'OINT 

0 2 l 0 :s 
,---.0--... 

11 6 I 15 I 14 I l :S I 12 I II I 10 I • • 7 I 

• 

• 

• 

5 4 :s I 2 I 
l..___ 0110[11 COD[ ---.... ------------~ FIELD ADDllUS FIELD -------------e4 

NOT[ ' l lTS 11 AND 15 All[ ALWAYS [QUAL 

• . IAS IC INSTllUCT ION WOllD IN C[NTllAL 'llOCESSOll 

c. [ XT[ND[D 0110[11 CODE "ELD 

Fig. 2-36. Instruction word. 

2-85 



Computer logic permits the use of the three high order bits (one octal 

digit) of the address field to further lengthen the order code field. A typical 

instruction can then be represented as 02. o numerically. This encroach

ment on the address field limits the use of some instructions to a certain 

portion of memory. The high order bits of the address field may be used 

this way because of the differences between fixed and erasable memory. 

The instructions which apply only to erasable memory do not copy the two 

high order bits of the address field into the address register. However, the 

address register receives the entire address field for those instructions 

which apply to fixed memory. 

The editing or special instructions are address-dependent basic 

instructions which have predefined addresses and order codes where as 

basic instructions have only predefined order codes. The order codes are 

represented as 00. 0006 numerically. Those address-dependent instruc

tions which may be combined with any order code are represented, for 

example, as O. 0021 which is the entire content of the address field. 

The special instructions are used to control certain operations in the 

computer. For example, one special instruction, as mentioned previously, 

is used to switch the computer to the extend mode of operation. This mode 

extends the length of the order code field and converts basic instruction 

words to channel or extra code instruction words. Channel instructions can 

only be used with input/ output channel addresses. Extra code instructions 

perform the more complex and less frequently used arithmetic operations. 

2. 4. 1. 1. 2 Involuntary Instructions. The involuntary instruction class 

contains two types of instructions - interrupt and counter. The interrupt 
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instructions use the basic instruction word format just as the regular 

instructions do. However, the interrupt instructions are not entirely pro

grammable. The contents of the order code field and the address field 

are supplied by computer logic rather than the program. The counter in

structions have no instruction word format. Signals which function as a 

decoded order code specify the counter instruction to be executed and the 

computer logic supplies the address. The address for these instructions 

is limited to one of 2 9 counter locations in memory. 

There are two interrupt instructions. One instruction initializes the 

computer when power is first applied and when certain program traps occur. 

The other interrupt instruction is executed at regular intervals to indicate 

time, receipt of new telemetry or keyboard data, or transmission of data by 

the computer. This interrupt instruction may be programmed to test the 

computer. 

There are several counter instructions. Two instructions will either 

increment or decrement by one the content of a counter location using the 

ONE' s complement number system. Two other instructions perform the 

same function using the TWO's complement number system. Certain counter 

instructions control output rate signals and convert serial telemetry data to 

parallel computer data. 

2. 4. 1. 2 Programs 

The LGC performs such tasks as solving guidance and navigation pro

blems by means of a set of instructions called a program. A program con

sists of a group of program sections that are Classified according to the 

functions they perform. These functions are defined as mission functions, 

auxiliary functions, and utility functions. (See Fig. 2 -3 7. ) 
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Mission functions are performed by program sections that implement 

operations concerned with the major objectives of the mission. These opera

tions include aligning the IMU stable member and computation of spacecraft 

position and velocity during coasting periods of the flight by solution of 

second-order differential equations which describe the motions of a body 

subject to the forces of gravity. 

Auxiliary functions are executed at the occurrence of certain events, 

requests, or commands. These functions are performed by program sec

tions that provide a link between the LGC and other elements of the PGNCS. 

This link enables the LGC to process signals from various devices and to 

send commands for control and display purposes. In addition, the auxiliary 

functions implement many and varied operations within the LGC in support 

of the mission functions. 

Utility functions are performed by program sections that coordinate and 

synchronize LGC activity to guarantee orderly and timely execution of re

quired operations. These functions control the op~ration of the mission func

tions and schedule LGC operations on either a priority or a real-time basis. 

The utility functions also translate interpretive language to basic machine 

language which allows complex mathematical operations such as matrix 

multiplication, vector addition, and dot product computations to be performed 

within the framework of compact routines. In addition, the utility functions 

save the contents of registers A and Q during an interrupt condition and en

able data retrieval and control transfer between isolated banks in the fixed

switchable portion of fixed memory. 
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2. 4. 2 CSS Theory of Operation 

The LGC consists of nine functional sections as illustrated in Fig. 2-38. 

The sequence generator controls data flow. The order code of each instruc

tion is entered into the sequence generator, and the sequence generator 

produces a different sequence of control pulses for each instruction. The 

execution of each instruction sets the conditions for the execution of the next 

instruction. In order to specify the sequence in which instructions are to be 

executed, the instructions are normally stored in successive memory loca

tions. By adding the quantity one to the address of an instruction being 

executed, the location of the instruction to be executed next is derived. 

Execution of an instruction is complete when the order code of the next in

struction is transferred to the sequence generator and the relevant address 

is in the central processor. 

The central processor consists of several flip - flop registers. It per

forms arithmetic operations and data manipulations on information accepted 

from memory, the input registers, and priority control. Arithmetic opera

tions are performed using the ONE's complement number system. Values up 

to 14 bits (excluding sign) can be processed with an additional bit produced 

for overflow or underflow. All operations within the central processor are 

performed under control of pulses generated by the sequence generator (indi

cated by dashed lines in Fig. 2-38). In addition, all words read out of 

memory are checked for correct parity, and a parity bit is generated for 

all words written into memory from the central processor. Odd parity is 

used; therefore, all words stored in memory including the parity bit contain 

an odd number of ONE's. The central processor also supplies data and 
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control signals through the output registers and interface to the various 

spacecraft subsystems. 

Certain data pertaining to the flight of the spacecraft is used to solve 

the guidance and navigation problems. This data, which includes real time, 

acceleration, and IMU gimbal angles, is stored in memory locations, called 

counters. The counters are continuously updated as new data become<; 

available. An incrementing process implemented by priority control changes 

the contents of the counters. Data inputs to priority control are called in 

cremental pulses. Each incremental pulse produces a counter address and 

a priority request. The priority request signal is sent to the sequence 

generator, where it functions as an order code, The control pulses pro

duced by the sequence generator transfer the counter address to memory 

through the write lines of the central processor, In addition, the control 

pulses enter the contents of the addressed counter into the central pro

cessor for incrementing. 

Real time plays a major role in solving guidance and navigation 

problems. Real time is maintained within the LGC in the main time counter 

of memory. The main time counter provides a 745. 65 hour (approximately 

31 days) clock. Incremental pulses are produced in the timer and sent to 

priority control for incrementing the main time counter. The Apollo mission 

requires that the LGC clock be synchronized with the Eastern Test Range 

(ETR) clock. The LGC time is compared with ETR time once every two seconds 

by downlink telemetry. 

Continuous drive pulses originate in the timer as fixed-frequency 

timing and strobe signals. The timing signals strobe the outputs from the 
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output registers and the resulting continuous drive pulses are sent to the 

spacecraft. Rate signals, which are bursts of drive pulses, originate in the 

output section and are sent to the gyros and the ISS portion of the CDU, and 

to the RR portion of the CDU. Rate signals are also used for controlling the 

attitude of the spacecraft. The number of pulses in each burst and occurrence 

of each burst are controlled by a program. The program is dependent on 

incremental pulse feedback to priority control from the IMU. The destinatior 

of the various rate signals, as well as the type of rate signals (incrementing 

or decrementing), are also selected by this program. 

The downlink operation of the LGC is asynchronous to the spacecraft 

telemetry system. The telemetry system supplies all the timing signals 

necessary for the downlink operation. These signals include start, end, and 

bit sync pulses. The end pulse is sent also to priority control. 

A key code is assigned to each DSKY keyboard operation.. When a key

board pushbutton . is pressed, the keycode is produced and sent to an input 

register. The same keycode is sent also to priority control, where it pro

duces both the address of a priority program stored in memory and a 

priority request signal, which is sent to the sequence generator. An inter

rupt request functions as an order code and initiates an instruction for 

interrupting the program in progress and executing the priority program 

stored in memory. A function of this program is to transfer the keycode, 

temporarily stored in the input register, to the central processor, where it 

is decoded and processed. A number of keycodes are required to specify an 

address or a data word. The program initiated by a keyboard also converts 

the information from the DSKY keyboard to a coded display format. The 
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coded display information is transferred by another program to an output 

register and sent to the display portion of the DSKY. The display notifies 

the astronaut that the keycode was received, decoded, and processed properly 

by the LGC. 

2. 4. 2. 1 Timer 

The timer portion of the LGC generates all of the timing signaib 

required for operation of the computer and also supplies timing signals to 

other spacecraft subsystems. The timer is divided into the functional aru.1.::; 

indicated in Fig. 2-39. The oscillator is a crystal controlled modified 

Pierce oscillator design that generates a source frequency of ~. 048 me for 

the clock divider logic. Temperature compensated components in the oscil

lator circuit maintain a high degree of stability and assure an extremely 

accurate output frequency to the divider logic. 

The 2. 048 me input from the oscillator is applied to the mai11 divider 

logic. This circuit divides the input frequency by two and generates the 

following outputs: clear, write, and read control pulses which are applied to 

the central processor to produce the signals necessary to clear, write into, 

and read out the flip-flop registers; 1. 024 me gating pulses which are used 

throughout the LGC; the master clock signal which is used to synchronize 

other spacecraft systems; and a signal which is applied to the oscillator 

alarm circuit in the power supply to indicate oscillator activity. In addition, 

the main divider by further frequency division supplies 512 kc signals to 

drive the ring counter, and signals to the time pulse generator. 

The ring counter generates pulses of 5 microseconds at a 102, 4 kc rate 

which are used for gating and for deriving other timing functions in the LGC. 
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Ring counter outputs also derive the strobe pulses of 2 and 3 microseconds 

at a 102. 4 kc rate. 

The scaler consists of 33 identical divider stages (flip-flops) which are 

cascaded so that frequency division is successive. The outputs include 

timing and gating pulses, and the real time word which indicates time inter

vals up to 23. 3 hours. 

The time pulse generator consists of 12 flip-flops which generate a 

sequence of 12 timing pulses (TOi through ffi). This sequence of timing 

pulses defines one memory cycle within the LGC or a period of 11. 7 

microseconds in which word flow takes place. The STOP signal is used 

during preinstallation testing to inhibit the time pulses from being generated, 

and thereby preventing LGC word flow. 

The ring counter, strobe pulse generator, and the scaler supply inputs 

to the sync and timing logic. These inputs are used to derive gating and 

strobe signals for the input and output channels, pulse outputs for the pro-

. gram time counters in memory, and synchronization signals. 

During standby operation, the oscillator, clock divider logic, and the 

scaler are operative. The only outputs, however, that have functional 

significance at this time are the real time word from the scaler and the 

synchronization signals to, other LM systems. 

2. 4. 2. 2 Sequence Generator 

The sequence generator contains the order code processor, command 

generator, and control pulse generator (see Fig. 2-40). The sequence 

genera tor executes the instructions stored in memory by producing control 

pulses which regulate the data flow of the computer. The order code 
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processor receives signals from the central processor and priority control. 

The order code signals are stored in the order code processor and converted 

to coded signals for the command generator. The instruction commands are 

sent to the control pulse generator to produce a particular sequence of con

trol pulses depending on the instruction being executed. At the completion 

of each instruction, new order code signals are sent to the order code pro

cessor to continue the execution of the program. 

2. 4. 2. 2. 1 Order Code Processor. The register SQ control portion of 

the order code processor is regulated by special purpose control pulses from 

the control pulse generator. These control pulses produce clear and write 

signals for register SQ and initiate a read signal for register B. The clear, 

read, and write signals place the order code content of register B onto the 

write lines and into register SQ. The order code signals from the priority 

control portion to instructions start, interrupt, and transfer control to speci

fied address. These order code signals cause the register SQ control to pro

duce the clear signals. If the order code signal is start or transfer control to 

specified address, no further action occurs because the order code for each of 

these instructions is binary 0 000 000. If the order code is interrupt, register 

SQ is set to 1 000 111. 

Register SQ is a seven-bit register with only six of its bit positions 

(16 and 14 through 10) connected to the central processor write lines. The 

seventh (high order) bit position is the extend bit which is a zero for basic 

instructions and is a one for other instructions. 

The stage counter is a three-state Gray counter. Most instructions 

are several memory cycle times (MCT' s) long. The stage counter controls 
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the length of each instruction. Most instructions use the two low- order bits 

of the stage counter. The stage counter always starts an instruction with 

count 000. Then it may be advanced to 001, 010, or 011 by special purpose 

control pulses STl and ST2 from the control pulse generator. The Gray code 

count is used for the divide instruction. Control pulse DVST advances the 

counter through the states 000, 001, 011, 111, 110, and 100. The control 

pulse ST2 se_ts the stage counter to 010 to complete the divide instruction. 

The content of the stage counter is decoded into the ST code signals. Some 

of the ST code signals reflect the standard binary count from octal 0 through 

3, and others reflect the Gray code count of octal 0, 1, 3, 7, 6, and 4. The 

order code signals from the priority control sets the stage counter to a par

ticular state in a manner similar to that in which the SQ register is set. The 

interrupt order code signal sets the stage counter to 000, the start order code 

signal sets it 001, and the transfer control to specified address signal sets it 

to 011. The outputs of the SQ and stage decoders are 'sent to the command 

generator where they are used to produce subinstructions and instruction 

commands. 

2. 4. 2. 2. 2 Command Generator. The subinstruction coder receives 

SQ and ST code signals from the order code processor. These signals repre

sent the order codes of all machine instructions and are decoded into sub

instruction and instruction commands. 

The instruction decoder receives the coded signals from the order code 

processor in addition to certain subinstruction commands. It produces signals 

called instruction commands. An iristruction command is used for two or more 

subinstructions as compared to a subinstruction command which is used only 

for one subinstruction. 
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The counter control receives instruction signals from the priority 

control. These signals are applied to separate circuits which control the 

individual counter instructions. The instruction signals from the priority 

control pertain to counter locations and the instruction(s) associated with 

the location. 

2. 4. 2. 2. 3 Control Pulse Generator. Subinstruction and instruction 

command outputs of the command generator are used by the control pulse 

generator in conjunction with time pulses TOl through T12 to produce action 

pulses. The crosspoint generator produces an action pulse when a command 

signal and a time pulse are ANDed. This is called the crosspoint operation. 

The branch commands are used to change the action pulse that normally is 

produced at a given time. 

The control pulse gates perform the Boolean NOR function. There is one 

gate for each control pulse. These gates split the action pulses into as many 

control pulses as are required for a particular operation. Some of the control 

pulses produced by the control pulse gates are used by the sequence generator. 

These include the special purpose control pulses which control the operation 

of the order code processor and the test control pulses which are applied to 

the branch control. The other control pulse groups, namely the read, write, 

and direct exchange c·ontrol pulses are used in the central processor and the 

priority control. 

The branch control is connected to the write lines of the central proces 

sor. Data which is placed onto the write lines by read control pulses is tested 

in the branch control. The branch control contains two stages. Branch 1 

normally tests for sign and branch 2 tests for full quantities such as plus or 
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minus zero. Both branches test for positive and negative overflow and have 

the overflow bits written directly into the branch register. Positive over

flow is 01 where branch 1 is the high order bit. Negative overflow is 1 O. 

The branch commands sent to the crosspoint generator affect the action pulses 

at given times. 

2. 4. 2. 3 Central Processor 

All data and arithmetic manipulations within the LGC take place in the 

central processor (see Fig. 2-41). It primarily performs operations indi

cated by the basic instructions of programs stored in memory. Communica

tion within the central processor is accomplished through the write amplifiers. 

Data flows from memory to the flip-flop registers or vice-versa, between 

individual flip-flop registers, or into the central processor from external 

sources. In all instances, data is placed on the write lines and routed to a 

specific register or to another functional area under control of the write, 

clear, and read logic. This logic section accepts control pulses from the 

sequence generator and generates signals to read the content of a register 

onto the write lines, and write this content into another register of the central 

processor or to another functional area of the LGC. The particular memory 

location is specified by the content of the memory address register. The 

address is fed from the write lines into this register, the output of which is 

decoded by the address decoder logic. Data is subsequently transferred from 

memory to the memory buffer register. The deco?ed address outputs are 

also used as gating functions within the LGC. 

The memory buffer register buffers all information read out or written 

into memory. During readout, parity is checked by the parity logic and an 

alarm is generated in case of incorrect parity. During write-in, the parity 
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logic generates a parity bit for information being written into memory. The 

flip-flop registers are used to accomplish the data manipulations and arith

metic operations. Each register is 16 bits or one computer word in length. 

Data flows into and out of each register as dictated by control pulses associ

ated with each register. The control pulses are generated by the write, clear, 

and read control logic, 

External inputs through the write amplifiers include the content of both 

the erasable and fixed memory bank registers, all interrupt addresses from 

priority control, control pulses, which are associated with specific arithmetic 

operations, and the start address for an initial start condition. foformation 

from the input and output channels is placed on the write lines and routed to 

specific destinations either within or external to the central processor. 

2. 4. 2. 4 Memory 

Memory consists of an erasable memory with a storage capacity of 2, 048 

words, and a fixed core rope memory with a storage capacity of 36, 864 words. 

(See Fig. 2-42). Erasable memory is a random-access, destructive-readout 

storage device. Data stored in erasable memory can be altered or updated. 

Fixed memory is a nondestructive storage device. Data stored in fixed mem

ory is unalterable since the data is wired in and readout is nondestructive. 

Both memories contain magnetic-core storage elements. In erasable 

memory the storage elements form a core array; in fixed memory the storage 

elements form three core ropes. Erasable memory has a density of one word 

per 16 cores; fixed memory has a density of 12 words per core. Each word 

is located by an address. 

In fixed memory, addresses are assigned to instruction words to specify 

the sequence in which they are to be executed, and blocks of addresses are 
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reserved for data, such as constants and tables. Information is placed into 

fixed memory permanently by weaving patterns through the magnetic cores. 

The information is written into ·assigned locations in erasable memory with 

the DSKY' s, uplink, or program operation. 

Both memories use a common address register (register S) and an 

address decoder in the central processor. When register S contains an ad

dress pertaining to erasable memory, the erasable memory cycle timing is 

energized. Timing pulses sent to the erasable memory cycle timing then 

produce strobe signals for the read, write, and sense functions. The erasable 

memory selection logic receives an address and a decoded address from the 

central processor and produces selection signals which permits data to be 

written into or read out of a selected sforage location. When a word is read 

out of a storage location in erasable memory, the location is cleared. A word 

is written into erasable memory through the memory buffer register (register 

G) in the central processor by a write strobe operation. A word read from a 

storage location, is applied to the sense amplifiers. The sense amplifiers 

are strobed and the information is entered into register G of the central pro

cessor. Register G receives information from both memories. 

The address in register S energizes the fixed memory cycle timing when 

a location in fixed memory is addressed. The timing pulses sent to the fixed 

memory cycle timing produce the strobe signals for the read and sense func

tions. The selection logic receives an address from the write lines, a decoded 

address, and addresses from register S, and produces selection signals for the 

core rope. The content of a storage location in fixed memory is strobed from 

the fixed memory sense amplifiers to the erasable memory sense amplifiers 

and then entered into register G of the central processor. 
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2. 4. 2. 5 Priority Control 

Priority control is related to the sequence generator in that it controls 

all involuntary or priority instructions. Priority control processes input

output information and issues order code and instruction signals to the se

quence generator and twelve-bit addresses to the central processor. (See 

Fig. 2 - 43.) 

Priority control consists of the start, interrupt, and counter instruction 

control circuits. The start instruction control initializes the computer if the 

program works itself into a trap, if a transient power failure occurs, or if 

the interrupt instruction control is not functioning properly. The computer is 

initialized with the start order code signal, which not only forces the sequence 

generator to execute the start instruction, but also resets many other computer 

circuits. When the start order code signal is being issued, the T12 stop sig

nal is sent to the timer. This signal stops the time pulse generator until all 

essential circuits have been reset and the start instruction has been forced by 

the sequence generator. 

The interrupt instruction control can force the execution of the interrupt 

instruction. This is done with the interrupt order code signal which is sent 

to the sequence generator and the twelve bit address sent to the central pro

cessor. There are ten addresses each of which accounts for a particular 

function that is regulated by the interrupt instruction control. The interrupt 

instruction control links the keyboards, telemetry and time counters to pro

gram operations. The interrupt addresses are transferred to the central 

processor by read control pulses from the sequence generator. The source 

of the keyboard, telemetry, and time counter inputs is the input-output cir

cuits. The interrupt instruction control has a built-in priority chain which 
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allows sequential control of the ten interrupt addresses. The decoded 

interrupt addresses from the central processor are used to control the pri

ority operation. 

The counter instruction control is similar to the interrupt instruction 

control in that it links input-output functions to the program, It also supplies 

twelve-bit addresses to the central processor and instruction signals to the 

sequence generator. The instruction signals cause a delay (not an interrup

tion) in the program by forcing the sequence generator to execute a counter 

instruction. The addresses are transferred to the central processor by read 

control pulses. The counter instruction control also has a built-in priority 

of the 29 addresses it can supply to the central processor. This priority is 

also controlled by decoded counter address signals from the central pro

cessor. The counter instruction control contains an alarm detector which 

produces an alarm if an incremental pulse is not processed properly. 

2. 4. 2. 6 Input-Output 

The input-output section accepts all inputs to, and routes to other 

subsystems all outputs from the computer. Most of the input channels and 

the output channels are flip-flop registers similar to the flip-flop registers 

in the central processor. (See Fig. 2-44. ) Certain discrete inputs are 

applied to individual gating circuits which are part of the input channel struc -

ture. Typical inputs to the channels include keycodes from the DSKY, from 

other PGNCS subsystems, and other spacecraft systems as shown. Input data 

is applied directly to the input channels; there is no write process as in the 

central processor. However, the data is read out to the central processor 

under program control. The input logic circuits accept inputs which cause 

interrupt sequences within the computer. These incremental inputs (such as, 
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acceleration data and RR antenna shaft and trunnion) are applied to the priority 

control circuits and subsequently to associated counters in erasable memory. 

Outputs from the computer are placed in the output channels, and are 

routed to specific systems through the output interface circuits. The opera

tion is identical to that in the central processor. Data is written into an out

put channel from the write lines and read-out to the interface circuits under 

program control. Typically, these outputs include outhits to the reaction 

control system, the DSKY and RRS. The downlink word is also loaded into 

an output channel, and routed to the spacecraft telemetry system by the down

link circuits. 

The output timing logic gates synchronization pulses (fixed outputs) to 

the other PGNCS subsystems and the spacecraft. These are continuous out

puts since the logic is specifically powered during normal operation of the 

computer and during standby. 

2. 4. 2. 7 Display and Keyboard 

The display and keyboard (DSKY) allows the astronaut to exercise control 

of the LGC. The DSKY consists of a keyboard, power supply, decoder, relay 

matrix, status and caution circuits, and displays (see Fig. 2-45). 

The keyboard contains the key controls with which the astronaut operates 

the DSKY. Each of the key controls is lighted by 115 vac, 400 cps. Inputs to 

the LGC initiated from the keyboard are processed by the program. The re

sults are supplied to either the decoder and relay matrix or to the status and 

caution circuits for display. Each key except PRO, when depressed,produces a 5-bit 

code. The keycode enters into the LGC and initiates an interrupt to allow 

the data to be accepted. The key reset signal (+28 vdc) is generated each 

time a key is released, and conditions the LGC to accept another keycode. 
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The reset code and signal (+28 vdc) is used when the astronaut wishes certain 

display indicators to go out. It also checks on whether a particular indicator 

is transient or permanent. The clear code is used when the astronaut wishes 

to dear displayed sign and digit information. Key release turns the 0.ontrol 

of displaying information on the DSKY over to the LGC. The standby signal (PRO 

+2 8vdc) initiates putting the LGC into the standby mode when PO 6 has been 

selected. It also initiates putting the LGC into operate mode when pressed 

a second time. The PRO pushbutton also initiates the proceed with or with

out data signal (this is explained more fully in Section V) . 

The power supply utilizes +28 vdc and + 14 vdc from the LGC power supply 

and an 800 cps sync signal from the timer to generate a 2 50 volt, 800 cps dis -

play voltage. T 11e display voltage is applied to the displays through the 

relay matrix and status and caution circuits. 

The d~coder receives a four bit relay word (bits 12 through 15) from 

channel 10 in the LGC. The decoded relay word, in conjunction with relay bits 

l through 11 from channel 10, energizes specific relays in the matrix. The 

relays are energized by the coincidence of a selection signal from the diode 

matrix in the decoder which produces a row selection signal, and relay bits 

which produce column selection signals. Re lay selection allows the display 

voltage (250 vac) from the power supply to be routed to the proper sign and 

digit indicators. Relay selection also allows the alarm common (O vdd or +5 

vdc from the PGNCS, or from the LM to be routed through the relay to the 

PGNCS or to the LM (caution signals) or to the proper status and caution 

indicators respectively. All relays associated with the relay matrix are the 

latching type. 
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The status and caution circuits receive all LGC status and caution 

signals. Each signal is applied to a driver circuit and to an associated relay. 

When a relay is energized, it allows the voltage from the DSKY power supply 

(250 vac) or + 5 vdc or 0 vdc from the PGNCS or LM to be routed to the 

proper display indicators or equipment. The voltage from the power supply 

is routed through a relay to the computer activity indicator (COMP ACTY). 

The + 5 vdc is routed through relays to the following status and caution indi

cators: UPLINK ACTY, RESTART, OPR ERR, KEY REL, and TEMP. 

The displays consist of sign and digital (operational and data display) and 

status and ·Caution indicators. The sign and digital indicators allow the astro

naut to observe the data entered or requested from the keyboard. The status 

and caution indicators present an indication of any variance from certain 

normal operations. 

2. 4. 3 LGC' Power Supplies 

The LGC power is furnished by the switching regulator power supplies, 

+ 4 volt and+ 14 volt. (See Fig. 2-46.) Primary+ 28 vdc power is applied to 

the power input circuit of the + 4 vdc power supply, filtered, and applied to 

the power output circuit. A second filter supplies output + 28 COM to both the 

LGC and the DSKY. A zener diode regulator in the power input circuit sup

plies + 9. 2 vdc to the voltage regulator. The voltage regulator is a parallel 

regulator which operates on a 50 kc sync signal from the timer. The 50 kc 

signal triggers a multivibrator circuit in the voltage regulator, the output of 

which is of suffici~nt duration to provide 4 vdc to the power output circuit. 

The 4 vdc output is regulated by feedback from the power output circuit. 
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Operation of the +14 volt power supply is identical to the +4 volt power 

supply with the exception that a 100 kc sync signal is used instead of 50 kc. 

Standby operation, which is initiated by the PRO button on the DSKY, 

allows the LGC to conserv~ power by operating in a low power mode. (Re

tention of stored data is maintained during the standby state.) Signal SBYREL 

disables the +4 SW and BPLSSW outputs during the standby mode. 

2. 4. 4 CSS Modes of Operation 

The LM mission is divided into LGC programs. The currently active 

program is displayed as a two-digit, decimal number in the DSKY program 

display. Most major programs are initiated by the crew. A crew start, 

stop, and change the program capability is provided through the DSKY. 

Subprograms which consist of routines or a component of a routine are 

normally performed in succession automatically or semiautomatically. Some 

subroutines may be specifically called for by the crew by selecting the spe

cific keyboard combinations and upon completion of any subroutine, the entire 

routine may be halted by DSKY entry. 

A LGC standby state is entered by pressing the PRO pushbutton on the 

DSKY (see paragraph 2. 4. 3). During this state, the maximum average LGC 

power dissipation drops from 100 watts to 10 watts. 
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2. 4. 5 LGC Monitoring 

2. 4. 5. 1 LGC Alarm Detection Circuits 

The alarm detection circuits perform monitoring and conditioning of 

some key LGC signals. These circuits do not particularly belong to any of 

the functional areas described in paragraph 2. 4. 2, but monitor and provide 

alarm signals to many of these circuits (see Fig. 2-47). 

The voltage alarm circuit monitors (by means of differential amplifiers) 

the +28 COM, +14 vdc and +4 vdc outputs from the LGC power supplies and 

generates a signal VFAIL for an out-of-limits condition or complete failure 

of any one of these power supplies. Signal VFAIL, conditioned by timing 

signals, will generate signal STRT 1 from the logic circuits, provided it is not 

inhibited by interface signal NHVFAL. Signal STRT 1, when applied to pri 

ority control, prevents counter instructions from being executed. Simul

taneously, if the computer is in the standby mode, an input (FILTIN) is issued 

to the warning integrator. This input is controlled by signal STNDBY. 

The oscillator alarm circuit generates signal STRT2 if the LGC 2. 048 

megacycle oscillator should fail or if the LGC is in the low power mode 

(standby). A delay circuit in the oscillator alarm assures signal STRT2 is 

applied to priority control to prevent the counter instructions from being 

executed. This condition remains until the oscillator starts running. Signal 

STRT2 also causes the generation of signal OSCALM from the logic circuits 

to input channel 33, bit position 15. 

There are two scaler alarm circuits in the LGC: scaler alarm and 

double frequency scaler alarm. The scaler alarm provides a check on the 
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timer, scaler stage 17 and generates signal SCAFAL when stage 17 fails to 

produce pulses. Signal SCAFAL generates signals AGCWAR and LGCWAR 

directly from the logic circuits to the input-output channels that interface re

lays in the DSKY. Double frequency scaler alarm generates signal 2FSFAL 

if the 100 pps scaler signal (signal SCASIO from the logic circuits conditioned 

by timer signals) should fail. Signal 2FSFAL provides an input to signal 

FILTIN which causes signals AGCWAR and LGCWAR to be generated. 

The warning integrator initiates the generation of warning signals AGCWAR 

and LGCWAR simultaneously from the logic circuits. Input signal FILTIN, con

ditioned by timing signals, represents restart or counter fail signal (DOFILT), 

voltage fail in the standby mode, alarm test signal (ALTEST) or double fre

quency scaler alarm. 

If either LGC power supply is out of limits or fails completely, or if in 

the standby mode, the MYCLAMP circuit output inhibits access to memory. 

Operation of the MYCLAMP circuit is identical to that of the voltage alarm 

circuit. It employs a differential amplifier that has a threshold voltage ap

plied to it. If the +4 volt input voltage falls below this threshold signal, 

MYCLAMP goes high indicating an alarm condition. 

The incorporation of a +5 vdc source within the alarm detection circuits 

eliminates the need for more semiconductors, and components normally used 

where a reference voltage is required. 

The IMU stable member temperature is also monitored by the alarm cir

cuits. Signal TEMPIN, an indication that the stable member temperature is 

outside its design limits, causes signal TMPCAU to be generated and routed 

to the DSKY for display (TEMP). 
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2. 4. 5. 2 Caution and Warning Indications 

The caution and warning indicators associated with the CSS are the PGNS 

caution on the system engineer's center panel (lights yellow); the LGC warning 

and ISS warning on the commander's center panel (light red); and RESTART, TEMP, 

GIMB~ LOCK, PROGRAM, TRACKER, ALT AND VEL 1on the DSKY. Whenever 

a failure is sensed, one or more of these lights come on, the MASTER ALARM 

light illuminates, and an audible tone is introduced into the headsets of both 

crew members. The tone may be stopped and the MASTER ALARM light ex

tinguished by depressing the MASTER ALARM pushbutton, but the appropriate 

warning light remains on until the trouble is cleared up. 

Each of the caution and warning indicators are actuated by relays con

tained in the DSKY. A generalized logic diagram of LGC and DSKY circuits 

is contained in Fig. 2- 48. Each OR gate immediately preceding an indicator 

is a representation of DSKY relay logic. (Table 2-1 describes some of the 

caution and warning signals.) 

An LGC warning alarm is generated in the event of LGC power failure, 

scaler failure, restart or counter fail during LGC operate, or in response to 

an alarm test program. A scaler fail or prime power fail result in an im

mediate alarm indication whereas other inputs are buffered by a filter so as 

to prevent momentary transient disturbances which recover from causing an 

alarm. 

An ISS warning signal is under LGC program control. This signal is not 

generated when the PGNCS is in the coarse align mode and for 5 seconds 

after. During coarse align the servo errors normally exceed the alarm criteria. 
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When a restart or program alarm are illuminated on the DS~Y, either V05N09 

will automatically appear on the DSKY with a code that specifies the 

source of trouble or by astronaut calling up the code by keying in V05N09E. 
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Table 2-1. Description of caution and warning activation signals. 

Signal Description 

Rupt Lock 

TC Trap 

Occurs if interrupt is too long or too infrequent. The 

criterion for "too long" is phase dependent varying 

from 140 ms to 300 ms. Likewise, the criterion for 

"too infrequent" varies from 140 ms to 300 ms. 

Occurs if too many TC or TCF (transfer control) 

instructions are run or are too infrequent. The criterion 

for "too many" varies from 5 ms to 15 ms duration and 

for "too infrequent" it varies from 5 ms to 15 ms absence. 
Night Watchman Occurs if the computer should fail to access address 

Oscillator Fail 

Standby 

Scafal 

Counter Fail 

Scad bl 

Rev. V 

67 within a period whose duration varies from 0. 64 

seconds to 1. 92 seconds. 
Occurs if LGC 2. 048 me oscillator stops. A 250-

millisecond delay keeps the fail signal present after 

the oscillator starts. 

Turns off the switchable + 4 and + 14 vdc, thus putting 

the LGC into a low power mode where only the scaler, 

timing signals, and a few auxiliary signals are opera

tive. Standby is initiated by first setting the enable 

standby out bit (Channel 13, bit 11 ); and then pressing 

the PRO button on the DSKY for a time, which 

varies from O. 64 seconds to 1. 92 seconds, All LGC 

alarms are inhibited during the standby mode with the 

exception of LGC warning, which can be caused by 

a prime voltage failure or scaler fail; and TEMP caution, 

which can be caused by temperature alarm (TMPCAU). 

Occurs if scaler stage 17 ( 1. 28 sec. period) fails to 

produce pulses. This provides a check on the timing 

for all logic alarms. 

Occurs if counter increments happen too frequently or 

else fail to happen following an increment request. "Too 

frequently" means continuous counter request and / or 

incrementing for from O. 625 ms to 1. 875 ms. 

Occurs if the 100 pps scaler stage operates at a pulse 

rate of 200 pps 01· more. 
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Table 2-1. Description of caution and warning activation signals. (Cont . ) 

Signal 

PIPA Fail 

Parity Fail 

Light Test 

Alarm Reset 

V Fail 

IMU Fail 

ISS CDU Fail 

Description 

Occurs if no pulses arrive from an accelerometer 

during a 312. 5 microsecond period, or if both plus 

and minus pulses occur, or if a long duration (1. 28s 

to 3. 84s) without at least one plus pulse and one minus 

pulse arriving. 

Occurs when parity test fails. LGC uses odd parity 

and tests every word read out of memory above octal 

address 1 O. 

Tests RESTART and STBY lights. 

Furnishes a reset for RESTART and OPR ERR 

indicators. 

Occurs if the LGC voltages (28, 14, 4) are out of limits . 

The following criteria apply for V fail: 

4V supply> 4. 4V 14V supply> 16V 

4V supply < 3. 65V 14V supply< 12. 5V 

28V supply< 22. 6V 

Occurs under the following conditions (but not during 

coarse align or the 5 second interval following coarse 

align. ISS Warning Not generated during this time) 

1) IG Servo Error - Greater than 2. 9 milliradians 
for 2s 

2) MG Servo Error - Greater than 2. 9 milliradians 
for 2s 

3) 00 Servo Error - Greater than 2. 9 milliradians 
for 2s 

4) 3200 cps wheel supply decrease to 50% of nominal 
5) 800 cps wheel supply decrease to 50% of nominal 

level 

Occurs under the following conditions (but not during CDU 

zero moding. ISS Warning Not generated during this time) 

1) CDU fine error in excess of 1. 0 vrm s 

2) CDU coarse error in excess of 2. 5 vrms 
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Table 2-1. Description of caution and warning activation signals (Cont. ) 

Signal Description 

Temp out of 
Limits 

Gimbal Lock 

RDR CDU Fail 

RR Data Fail 
I 

LR Data Fail 

Prime Power · 
Fail 

Rev. V 

3) Read counter limit cycle in excess of 16 0 cps 

4) Cos (8 - l/I) below 2. 0 volts 

5) +14 volt supply decrease to 50% of nominal 
level 

Occurs when stable member temperature is outside 

the range 126. 3 ° F to 134. 3 ° F. 

Occurs when the IMU middle gimbal angle (MGA) ex-

ceeds 70°. (When the MGA exceeds 85°, the LGC is

sues the coarse align discrete which holds the MGA 

at 85° and the NO ATT indicator on the DSKY is acti

vated.) Gimbal lock is defined as a condition in which, 

the IMU middle gimbal has moved to a position such 

as to make the outer and inner gimbal axes colinear. 

Occurs under the following conditions (but not during 

CDU zero moding): 

1) CDU fine error in excess of 1. 0 vrms 

2) CDU coarse error in excess of 2. 5 vrms 

3) Read counter limit cycle in excess of 160 cps 

4) Cos (8 -l/I) below 2. 0 volts 

5) +14 volt supply decrease to 50% of nominal 
level 

Occurs when LGC is unable to obtain coherent data 

from the RR or when the LGC receives the data "no 

good" discrete from the RR. 

Occurs when the LGC is unable to obtain data from an 

enabled landing radar. 

Occurs if +28 vdc prime power 

falls below 23 
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2. 4. 5. 3 Program Alarms 

The program alarm is a program-controlled alarm that is issued when 

some program check has failed. The program alarm lights the PROG alarm 

indicator on the DSKY. 

Upon issuance of the program alarm, the LGC also issues a five-digit 

error code. This error code indicates the specific condition that caused the 

alarm~ and thereby, provides diagnostic data to an information level at which 

the crew can make effective decisions. The alarm codes are listed in Table 

2-2. 

The program alarms can be placed in one of two major catagories, abort 

alarms and non-abort alarms. The abort alarms will cause the program in 

progress to be aborted and depending' on the type of alarm will cause one of two 

things to happen; a software restart or a return to ROO. The alarms that cause 

a software restart are referred to as "Bailout" alarms and are identified in 

) Table 2-2 with an "* ". The alarms that caus·e a return to ROO are referred to 

as "POO DOO" alarms and are identified in Table 2-2 with a "••". 

The non•abort alarms can be identified as "main" or "side" alarms. 

Main alarms will cause V5N9 to flash and the alarm will be displayed. 

Side alarms will cause the "Prog" Lt on the DSKY to Light and the alarm 

code to be stored within the computer. These alarm codes will be displayed 

only by Keying V5N9E • Main or side alarms have no special identification 

in Table 2-~. 

Other information indicated in Table 2-2 is· the alarm description 

and the corrective action (in parenthesis). The letter after the alarm code 

number indicates one or more of the following: 

P - Procedure Caused Alarm 

I - Input Data Caused Alarm 

H - Hardware Status Caused Alarm . 
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The alarm code numbers when displayed automatically or 

requested manually will be displayed in the DSKY registers in 

the following manner: 

Rl First Alarm to Occur 

R2 Second Alarm to Occur 

R3 Last Alarm to Occur 

Alarms preceded by a 2 (as 2XXXX) indicate the alarm is a POODOO 

type. Alarms preceded by a 3, (as 3XXXX) indicate it is a Bailout 

type. 
The three categories listed in the LGC Status column are as 

follows: 

GO An alarm in this category will not degrade the 

reliability of the LGC. 

NO GO An alarm in this category will invalidate the 

LGC for the planned activity with no hope of recovery. 

TEMP NO GO - An alarm in this category will invalidate the 

LGC for the planned activity, pending investigation. 

(i.e., it is possible to get the alarm and still be in 

the ''GO" category). 

The entries in the LGC Status column marked with a # are applicable 

to coasting flight only. 

2. 5 LANDING RADAR SUBSYSTEM 

The Landing Radar, located in the descent stage of the Lunar Module, 

is packaged in two replaceable assemblies. The Antenna Assembly (AA) serves 

to form, direct, transmit and receive four narrow microwave beams. 

To perform this function the AA is composed of two interlaced phase . 
arrays for transmission, and four space-duplexed planar arrays for reception. 

The transmitting arrays form a platform on which are mounte.d four quadrature 

pair balanced microwave mixers1four dual Audio Frequency preamplifiers, two 

solid-state microwave transmitters, an FM modulator, and an antenna pedestal 

tilt mechanism. The Electronic Assembly (EA) contains the circuitry required 

to track, process, convert and scale the Doppler and FM/CW returns which 

provide the velocity and slant range information to the LGC and to the astronaut 

displays. 
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Table 2-2. Program Alarms 

VOS N09 ALARM CODES LGC STATUS 

2 '0105 P **AOT Mark System in use ---------------------- Temp No Go # 
(Reselect PSX) 

00107 P More Than 5 Mark Pairs ---------------------- Go # 
(Continue) 

00111 p 

00112 p 

00113 a· 

00114 H/P 

00115 p 

00206 p 

00207 P/H 

00210 P/H 

00211 H 

Mark Missing--------------------------------- Go # 
(Start Mark Sequence Over) 
Mark or Mark Reject Not Being Accepted _______ Go # 

(Continue) · 
No Inbits ----------------------------------- Go # 

(Continue) 
Mark Made But Not Oesired ------------------- Go # 
(Mark Correct Axis (X or Y)) 

No Marks in Last Pair to Reject ------------- Go # 
(Continue) 

Zero Encode Not Allowed With Coarse --------- Temp No Go # 
Align & Gimbal Lock 

(Coarse Align To O,O,O Then Reselect V40N20) 
ISS Turn on Request Not Present For 90 Sec --- Temp No Go# 
(CB(ll) PGNS: IMU OPR - OPEN & RECLOSE 
If Alarm Recurs and No ISS Warning, Continue) 
IMU Not Operating --------------------------- Go # 
(CB(ll)PGNS: IMU QPR - OPEN & RECLOSE 
Consult MSFN But Continue with V36 and ~ecovery 
Coarse Align Error-------------------~------- Temp No Go# 
(IF P51 or P52 in Progress, Record GYRO 
Torquing Angles and Perform Fine Align 
Check in P52, 
If V41N20 In Progress use V42 

(Continue) 
00212 H PIPA Fail, But PIPA is Not Being Used-------- Temp No Go 

(Go to ISS MALFUNCTION PROCEDURES) 
00213 H IMU Not Operating With Turn-On Request------- Temp No Go# 

(See 00210 Above) 
00214 P/H Computer Using IMU When Turned OFF. --- Temp No Go 

(Exit Routine) 
00217 H Bad Return From ISS Mode Switch Request------ Temp No Go 

.(Reinitiate Current Program 
If Alarm Recurs, ISS Mode 
Switching Failure) 

00220·P IMU Not Aligned----------~------------------- Temp No Go# 
(Align or If Aligned, Set REFSMMAT FLAG) 

00401 I Desired Gimbal Angles Yield Gimbal Lock ------ Go 
(Call N22, MNVR if MGA ~85° or Realign IMU) 

00402 P FINDCDUW Routine (TVC) Not Controlling Attitude -- No Go 
Terminate Thrust or go to AGS. 

00400 I Two Stars Not Available In any Detent-------- Temp No Go# 
00405 i Two Stars Not Available----------------------- Temp No Go# 

(P52/6) 
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00421 I 

2 04'30 ** 
00501 I 

00502 I 

00503 I 

00510 p 

00511 p 

00514 p 
00515 H 
00520 P/H 

00521 I 

00522 p 

00523 p 

00525 I 

00526 I 

00527 I 

· 00530 I 

00600 I 

00601 I 

00602 I 

00603 I 

00604 I 

00605 I 

00606 I 

Rev. V 

Table 2-2. Program Alarms 

W-Matrix Overflow--------------------------------- Temp No Go 

Acceleration overflow in integration ------------- Temp No Go 

RR Antenna Out of Present Mode Limit• ------------ Go 
(See P20/6) 
Bad Radar Girnbal Angle Input---------------------- Go 
(MNVR and Redo V41N72) 
Radar Antenna Designate Fail --------------------- Go # 
(See P20/7) 
Radar Auto Descrete Not Present------------------- Go 

(RNDZ RDR - LGC Continue) 
LR Not in POS 2 or Repositioning------------------ Go 
(LOG ANT - HOVER, (Vl6N66E) Verify R2+00002) 
RR Goes Out Of Auto Mode While In Use (P20/5)----- Go 
RR CDU Fail Discrete Present (P20/7)----------~--- Go 
RADARUPT Not Expected at This Time---------------- Go 

(Continue) 
Could Not Read Radar------------------------------ Go 
(See P20,17) 
LR Position Change-------------------------------- Go 

(Continue) 
LR Ant Not In Position 2 --------·----------------- Go 
(See 511 above) 
SV/RR LOS >3° ------------------------------------ Go 
(See P20/7) 
Range )400 Miles --------------------------------- Temp No Go 
(Terminate P20 (V56) (Recall When R<. 400 miles) 
LOS Not in Mode II Coverage While --------------- ·Temp No Go 
On Lunar Sur.face, or Vehicle Mnvr Required 

' LOS not in mode 2 coverage on lunar 
. surface after 600 seconds 

Imaginary Roots on First Iteration 
(See P32 / 4) 

Temp No Go 

Go 

Perigee Altitude (Post CSI) (JS,000 ft (Lunar---- Go 
Orbit) 

(85 NM (Earth Orbit) 
(See P32/4) 
Perigee Altitude (Post CDH) (35,000 ft (Lunar ____ Go 

Orbit) 
<85 NM (Earth Orbit) 

(S.ee P32/4) 
CSI to CDH Time (10 MIN ------------------------- Go 
(See P32/4) 
CDH to TPI Time < 10 MIN or TIG CDH.>TIG TPI ------ Go 
(See P32/4) 

No Sol In 15 Tries ------------------------------ Go 
(See P32/4.) 

AV Exceeds 1000 fps ------------------------------ Go 
(See P32/4) 

2-128 



('\ 
I 

'-._) 

20607 
00611 I 

00701 I 
00777 H 

01102 H 

Table 2-2 Program Alarms 

**No Solution From Time Theta of Time Radius-- Temp No Go 

No TIG For Elevation Angle------------------- Go 
(See P33/2) (34/3) 
Illegal Option Code Selected (P57 only) ______ Go 
PIPA fail caused the !SS Warning------------- No Go 
(Go to I SS Ml\I,F) 

I 

LGC Self Test Error ------------------------ Temp No Go 
(see PGNS TURN ON And Self TEST/7) I 

'21103 H ** ILLEGAL PROGRAM Branch Executed ------------ No Go 
(Copy NOB, Notify MSFN, Initiate V36 Recovery) 

31104 I *Delay Routine BUSY--------------------------- Temp No Go 
(Reselect Extended Verb) 

(Continue) 
01105 H 

01106 H 

01107 H 

Downlink Too Fast---------------------------- Go 
(If Alarm Recurs, DOWNLINK FAILURE) 
Uplink Too Fast-----------------------~------ Go 
(If Alarm Recurs, UPLINK FAILURE) 

A Restart Failure Caused Fresh Start--------- No Go 
(Perform: 1. V74 LGC DOWNLINK 

2. P27 As Necessary 
3. V4B As Necessary 
4. Reestablish REFSMMAT Via P51 as Necessary 

If FRESH START Recurs, LGC FAILURE) 
3 ' L201 P *Executive Overflow - No Vac. Areas ---------- Temp No Go 

(Reselect Extended Verb and/or Continue Program) 
31202 P *Executive Overflow - No Core Sets----------- Temp No Go 

(See 01201 above) 
3 1203 P/I*Waitlist Overflow - Too Many Tasks----------- Temp No Go 

(See 01201 above) 
2 1204 P/I**Zero Or Negative---------------------------- Temp No Go 

Waitlist Call 
Reselect Program 

2 1206 P **Two Programs Trying To Use PINBALL----------- Temp No Go 
(See 01204 above) 

31207 P *No Vac Area For Marks------------------------ Temp No Go# 
(Reselect P51 or P52) 

31210 P *Two Routines Using Device at Same Time------- Temp No Go 
(Reselect Extended Verb when Device no longer 

in use) 
31211 P *Illegal Interrupt of Extended Verb----------- Temp No Go# 

(Reselect P51 or P52) 
0'1301 I ARCSIN-ARCCOS Input Angle Too Large --------- Temp No Go 

(Copy NOB, Notify MSFN, Continue) 
-21302 I **SQRT Called With Negative Argument----------- Temp No Go 

(See 1103 above) 
0 1406 I **Bad Returns From Rootpsrs (P6X only)-~------- No Go 

(Consult MSFN) 
Bad Return From Rootpsrs (P6X Guidance only)- Go 
(Go MANUAL or ABORT) . 
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01407 p 

Table 2-2. Program Alarms 

VG Increasing ----------------------•--------------- No Go 
(See P40/IGN or P4~/1GN) 

01410 P/I Overflow in Landing Guidance, (P6X only~----------- Go 
(Contact MSFN) 

01412 I Descent Ignition Al gorithm Non-Converging (P63 only~---Temp 
(Contact MSFN) No Go 

21501 P **Illegal Internal Use of PINBALL-------------------- ~Jo Go 
(See01103 above) 

721502 P **Illegal Flashing Display--------------------------- Temp No Go 

01520 p 

01600 H 

01601 H 
01703 p 
01706 p 

(see 01103 above) 
V37 Request Not Permitted at This Time------------- Go 
(Reselect V37) 
Overflow in Drift Te st----------------------------- Go 
This is GND Test Ala rm only 
Bad IMU Torque (s e e 1 600) -------------------------- Go 
TIG Slipped (P 40/2 , 42/3~------------------------- Go 
P40.S~leceed but Staged, P42 Selected but not Staged-- Go 
(8ee P40/l or P42/ l ) 

3~000 P *OAP Still in Progres s At Next TS/RUPT-------------- Temp No Go 
RSET, GUID CONT - AGS Then PGNS; If ALarm 

02001 I 

02002 I 

02003 I 

02004 I 

03777 !l 

04777 H 

07777 H 

10777 H 

13777 H 

14777 H 

Rev. V 

Recurs, Initiate V36 · Recovery 
Jet Failures Have Di s abled Y-Z T~ans--------------- Go 
(Change Thruster Pair ISOL Valve or Use 

Alternate Control Mode) 
Jet Failures Have Disabled X Trans----------------- Go 
(See 02001 Above) 
Jet Failures Have Disabled P Rotation-------------- ~o 
(See 02001 Above) 
Jet Failures Have Disab~ed u-v Rotation------------ Go 
(See 02001 Above) 
ICDU Fail Caused The ISS Warning------------------- No Go 
(Go to ISS MALF) 
ICDU, PIPA Fails Caused the ISS warning------------ No Go 
(Go to ISS MALF) 
IMU Fail Caused The ISS Warninq---------------------· tJo Go 
(Go to ISS MALF) 
IMU, PIPA Fails Caused The ISS Warning------------- No Go 
(Go to ISS MALF) 
IMU, ICDU Fails Caused The ISS Warning------------- No Go 
(Go to ISS MALF) 
IMU, ICDU, PIPA Fails Caused The ISS Warning------- No Go 
(Go to ISS MALF) 
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This data obtained by direct microwave contact with the lunar surface is 

used by the computer and / or the astronauts to achieve a controlled rate 

of descent, a hover at low altitude to permit selection of a landing site, and 

a soft landing at the selected site. To accomplish these goals, the computer 

and/ or astronauts must know the distance from the LM to the lunar surface 

and the velocity of the LM with respect to the lunar surface. 

The cw microwave energy from the velocity sensor solid state transmitter 

is radiated toward the moon by the transmitting antenna. Reflected energy is 

received by three separate receiving antennas. The received doppler shifted 

energy, split in such a manner to form quadrature pairs, is mixed with a 

portion of the transmitted energy by microwave diodes, functioning as balanced 

mixers. The output of the balanced mixers is the difference frequency between 

the received and transmitted signals. The difference is the doppler shift which 

is directly proportional to velocity between the LM and the lunar surface along 

the detected microwave beam. 

The altimeter transmitter is frequency modulated by the Frequency 

Modulator in a sawtooth manner. The repetition rate of the sawtooth is 130 

cps. The altimeter microwave energy is applied to the altimeter transmitting 

antenna. The received energy from the receiving antenna is split to form a 

quadrature pair and is coupled to balanced microwave mixers along with a 

sample of the transmitted signal. The difference frequency at the output of 

the balanced mixers is proportional to the time difference of the transmitted 

and received modulated energy, plus the doppler shift. This doppler shift is 

undesired and must be compensated for in the range computer. 

The quadrature outputs of the three velocity sensors and the altimeter 

balanced mixers are applied to the four Audio Frequency Amplifiers. Each of 
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these amplifiers contains logic that switches the gain of the amplifier from 

85 db to 55 db .as the signal level increases to prevent distortion of the signal. 

The broadband signals at the AF Amplifier outputs are applied to the 

inputs of frequency trackers which are located in the Electronics Assembly. 

The frequency trackers search for the signal over the expected frequency 

range with a narrow band tracking filter, and once acquired, track the signal 

with a high order of accuracy. The tracker output is an average frequency 

equal to the frequency corresponding to the center of power of the doppler or 

doppler and range signal spectrum plus a 614.4 kc reference. The tracker 

also provides a de step voltage to indicate tracker lock. 

The tracker outputs are applied to Velocity and Range Data Converters 

where beam velocity information indicated at the tracker outputs is resolved 

into velocity components. The coordinate system is . referenced to the body 

coordinates of the antenna, or a line drawn at right angles to the face of the 

transmitting arrays (antenna X) which in turn is parallel to the beam group 

center line. The Velocity outputs to the LGC are denoted as V , Vya• and xa 

v . za 

The velocity outputs provided to the displays are called the "Primed 

Coordinate Velocity Outputs." These outputs, denoted as V xa'. V ya' and V za'• 

are referenced to the altimeter beam which is displaced by approx. 24° from 

beam group center, in the XZ plane, towards -z. 

DC analog v?ltages are provided for V ya' and V za', and pulse train 

information is given for range and Vxa' · (range rate) to drive the displays. 

A de discrete signal is provided to indicate the sense of the V xa' pulse train. 

In antenna position number two the velocity components yield true LM axes 

velocities, except fo.r th~ errors introduced io V za and V ya due to the antennas 

6 ° CW rotation around the X axis. 
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The velocity data based on beam group center (to the LGC) are given in 

pulse train form, superimposed on a 153.6 kc reference frequency to facilitate 

indication of the sign of the velocity. These pulse trains, along with the range 

pulse train, are applied to the Signal Data Converter. The Signal Data 

Converter interfaces with the· LM Guidance Computer by accepting strobe 

signals from the computer and using these to assemble and readout the 

range and velocity data in serial binary form. The serial binary radar output 

information is fed to the LGC. 

Radar status signals which include Range Data Good, Velocity Data Good, 

Antenna Position Indication and Range Scale Factor are provided to the LGC 

in the form of discrete relay contact closures. 

The pow.er supply for the Landing Radar is located in the Electronic 

As.sembly. The power supply provides regulated voltages of +25, -25, +4, 

and -2 volts at 1% regulation and with the low ripple over an input voltage 

range of 25 to 31.5 vdc. 

2.5.1 Design Reference Mission Description 

The Landing Radar Heater Circuit Breaker (4CB157 on Panel 11) is placed 

on at KSC launch pad and left on until lunar touchdown. The Landing Radar 

(LR) is first turned on and self-checked for five (5) minutes during LM 

checkout prior to the LM separation from the CSM. The self-check is 

accomplished by first manually activating the LR by closing the power 

circuit breaker 4CB105 on Panel 11, then after a 1 to 2 minute "warm-up" 

period, positioning the "Radar Self Test" switch (17S6) on Panel III to "LOG". 

This will provide a contact closure to the radar, which is used as a BIT 

activate command that permits the generation of internal self-test signals. 
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These self-test signals will represent simulated "known" doppler returns, 

which after processing through the radar are made available to the LGC, and 

presented to the Astronaut's displays, where they are represented as range 

and velocities and may be monitored for presence and accuracy. An additional 
" 

self check is made by positioning the test monitor switch (1788 on Panel 3) 

to the LR "A LT" or "VEL XMTR" position and monitoring the "signal strength 

meter" for a relative output power reading from each transmitter. A half 

scale reading will indicate the minimum power output level. 

If the above self-check is successful, 4CB105 and 1786 are returned to 

their "off" position. 

The LR is again self tested, in the same manner as described above. 

prior to the start of LM powered descent, at an altitude of approximately 

70,000 feet .. 

The Landing Radar is turned "ON" (4CB105) at start of Powered Descent 

(50,000 feet above the lunar surface), and is left "ON" until touch-down 
~ -- . 

approximately 11 minutes later. 

LR beamg #1, 2; anq 4 should "acquire" the lunar surface from an 

altitude of approximately 25,000 feet. When this occurs the astronaut will 

be presented slant range on his "range and range rate display" (meter 9M9). 

Range data will also be available to the LGC from this point thru touchdown. 

The display slant range data is corrected by a cos 15 ° multiplication to give 

the astronaut a better indication of his true altitude to the lunar surface. 

Due to the vehicle altitude, relative beam angles, and presently assumed 

lunar back-scatter coefficient, beam #3 is not required to "acquire" the lunar 

surface until 18,000 feet. When beam #3 "acquires", velocity data is made 

available to the LGC •. and velocities V za and V ya are displayed to the 
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astronauts. At approximately 10-12Kft (Hi Gate) the LR antenna is tilted to 

the second of the two positions. (See Figure 2-49.) This serves the purpose 

of making the antenna group beam center parallel with the Ll\ii X axis. At 

this point the LGC will strobe for and accept the velocity data from the LR 

for updating its calculations. Velocity and range data will be strobed for 

sequentially. 

The Control and Display Assembly, located in the cockpit of the LM Ascent 

Stage, is prominently visible to the astronauts during descent maneuvers. 
I 

The purpose of the assembly is to present to the astronauts in readily 

understandable form the LR operational status, slant range, and velocity 

information. In addition, the assembly will permit the astronauts to turn 

the LR on and off, to self-check the velocity sensors and the altimeter, and 

to place the antenna in either one of two fixed positions. In antenna position 

one, beam group center is displaced in the XZ plane by 24 ° from vehicle - X 

towards -Z. In antenna position two, the beam group is parallel to the LM X 

axis and the computed velocities are therefore LM velocities. Range is always 

the range along the altimeter beam. 

Antenna position No. 1 and beam angles are selected to optimize range 

accuracy at 15,000 ft. Antenna position No. 2 is selected to optimize range 

accuracy and velocity accuracy from 8600 feet thru touchdown. 

When the spacecraft reaches 200 ft. altitude, a final pitch maneuver 

is made to orient the X axis perpendicular to the lunar surface. All 

velocity vectors should be near zero ft./ sec. This is done to permit the 

astronauts to make final, visual selection of the most desirable landing 

site, and to manually control the soft let-down at the selected site. 

During this final and most critical phase of the landing part of the mission, 
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VxA VELOCITY EQUATIONS 

~ (D1+D3) 
V llO • 2 COSA COS( 2 

~ 
(DI - D2) V ya • 4 SIN A 

~ 
(D3-D2> V za • 4 COSA SIN( 

BEAM ANGLES 

AL Tl METER Y GAMMA 19• 45' 00" 

B THETA 24° 33' oo" 
~ 

A LAMBDA 13° 59' 22" 

( XI 20• 22' 48 11 

+PHI 35• 34' 47" 

• PSI 14° 53' 00" 

BEAM CONFIGURATION 
+x +x 

+Y 

ANT. TILT•24• 

BEAM 3 

BEAM I BEAMI 

~NT. POSITION I ANT. POSITION 2 

ANTENNA TILT ANGLES 

Fig. 2-49. LR Antenna Beam Configuration and Tilt Angles 
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'.) the astronauts obtain altitude and velocity data from the LR via the cockpit 

displays. The capability exists for a completely automatic landing or a 

manually controlled landing as selected by the astronaut. 

) 

The displays in addition to being capable of displaying raw LR data also 

have the capability of displaying LR corrected/ modified PGNS data. The LGC 

'" knows" the LR antenna position, and vehicle attitude. This enables the LGC to 

perform the necessary calculations for coordinate transformation i.e. changing 

the landing Radar' s antenna based velocities and slant range to true altitude, 

altitude rate, forward and lateral velocity. 

As this coordinate transformed information is much more directly useable 

to the astronaut, the normal procedure will be to have the PGNS information 

displayed on the cockpit instruments during powered descent, resorting 

only to display of LR raw data as a cross-check, if a problem occurs in the 

PONS coordinate transformation. 

When the. let-down is accomplished, the LR mission is over. The LR is then 

deactivated (all LR circuit breakers off) and left on the lunar surface in 

the LM Descent Stage when the LM Ascent Stage takes off for rendezvous 

with the CSM. 

2.5.2 LR Theory of Operation 

As previously stated, the Landing Radar serves the two primary functions 

of radar velocity sensor and radar altimeter. This section provides a signal 

flow type description of each of these two functions, and a description of the 

circuits which support these primary functions. 
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2.5.2.1 Supporting Circuits 

There are certain circuits in the Landing Radar that serve both the 

Velocity Sensor and Altimeter and therefore do not logically belong to either. 

These separate or supporting functions (circuits) include the following: (See 

figure 2-50) 

a. Antenna Pedestal and tilt mechanism. 

b. Antenna Heating Elements. 

c. Low Voltage DC Power Supply. 

d. Reference oscillator. 

e. Signal Data Converter. 

f. Built-In-Test Circuits. 

g. Cab.ling Subassembly. 

2.5.2.1.1 Antenna Pedestal 

The Antenna Pedestal serves as both electrical and mechanical interface 

between the Antenna Assembly and the spacecraft. In addition it serves to 

position the antenna in either of its two operating positions, position 1 -

Descent (from 50K feet to lOK feet), and Position 2 (Descent from lOK feet 

to touchdown). The antenna positioning is performed by a tilt actuator 

(reversible DC motor) controlled manually by positioning the LDG ANT switch 

17S5 on the astronaut's control panel 3 to the desired position or automatically 

by an LGC command if 17S5 is placed in the Auto position. The Auto position, 

is the normal mission position and will allow the LGC to switch the antenna 

from POS 1 (Descent) to POS 2 (Hover) at approximately lOK feet. A position 

is selected by the application of +28 vdc on the appropriate control line. 

Power is removed from the actuator through the opening of a limit switch 
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when the antenna reaches the selected position. Travel time in either direction is 

approximately 10 seconds. It is not practical to make this time shorter 

because of the relatively high pre-load of 400 lb. used to prevent the 

antenna from vibrating off its stops. Nominal power drain during the 10 

second travel time is 15 watts. 

Antenna position indication is provided by a separate set of switch 

contacts which are located on the Antenna Pedestal. The discrete 

indication provided by the switch is used to generate Antenna Position 1 

and Position 2 discrete indications to the LGC and Instrumentation. 

2.5.2.1.2 Antenna Heater 

The design temperature range of the Landing Radar is from 0 °F to 185 °F. 

The LM surface temperature (where the Antenna is mounted) may vary between 

-260°F and 7260°F during the long trans-lunar and lunar orbital periods. The 

Antenna is partially protected from these extremes by thermal blankets and 

non-absorptive finishes. The low temperature extremes are however not 

adequately compensated for by these means when the radar is non-operating. 

To provide the additional protection needed during non-operate periods heating 

elements (cal-rods) have been imbedded in the transmitting array support 

structure. The heating elements control the antenna non-operating temperature 

between +55 and +70°F, and together with its control circuits represent a 

maximum power drain of 65 watts. Spacecraft power at +28 vdc is supplied to 

the control circuits and heating elements via contacts of a relay which is 

located in the cabling subassembly. This · relay energizes and disables the heaters 

whenever power is applied to the LR Low Voltage DC Power Supply. The heater 

control circuit employs quadruple (X4) redundancy in switch drivers and 

thermistors to assure reliability. These switch driver circuits enable the 
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power amplifier (which acts as a +28 vdc switch) when the internal antenna 

r,....) temperature reaches +55 °F, and disables the power amplifier (Open the 

switch) when the antenna temperature reaches +70°F. 

2.5.2.1.3 Low Voltage D.C. Power Supply 

The Low Voltage DC Power Supply is mechanized in two subassemblies; 

the Inverter Subassembly and the Regulator Subassembly. Independent of 

packaging the power supply consists functionally of an input EMI filter, 

a pre-regulator used to boost input 28 voltage to 33.5 vdc, a 10 kc DC to AC 

converter, a power transformer, rectifiers, post-regulators and a 25 V interlock 

used to insure removal of both the +25 vdc and the -25 vdc if one or the other 

should fail. This interlocking is required in order to prevent excessive back-

biasing of transistor junctions and electroly-iic capacitors. 

Total unregulated input power to the supply is 132 watts, with approximately 

) 86 watts of regulated power delivered to loads, and the remainder, 46 watts, 

dissipated as heat in the power supply. The regulated ·outputs are +25 vdc, 

-25 vdc, +4 vdc and -2 vdc. 

2.5.2.1.4 Reference Oscillator 

The reference oscillator located in the Velocity Converter provides all 

the sub-carriers used in the LR for signal processing, and mathematical 

constants used in velocity coordinate and range computation. These are derived 

by dividing and mixing the output of a 2.4576 me oscillator. F is 614.4 kc and c 

is the basic reference signal. Other signals are usually expressed as a function 

of F , for example, F / 4, F / 32, and F / 64. c c c c 

Landing Radar accuracy is largely dependent on Reference Oscillator 

accuracy. Therefore, the 2.4576 me oscillator is a phase-lock oscillator that 

is synchronized with the 3.2 kc LGC clock reference. 
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2.5.2.1.5 Signal Data Converter 

The basic function of the SOC is to convert the radar outputs into the 15 bit 

format used by the LGC. To accomplish this, the SOC uses a 15 bit counter, 

transfer gates, and a 15 bit shift register. The LGC provides the timing signals 

which sequentially select the PRF input to be counted, determine the counting 

time, and provide the Data Readout Command required to shift out the contents 

of the shift register. The resulting 15 bit range or velocity word is shifted out 

"most-significant-bit-first" (MSBF) on two lines (two twisted shielded pairs). 

This permits a parity check to be made by the LGC, on the transfer functions, 

. since both lines can never simultaneously be high or low. 

2.5.2.1.6 Built-In-Test Circuits 

The BIT (built-in-test) or Self Test circuits generate fixed predetermined 

doppler an.d range signals which are fed to the signal processing channels of the 

Velocity Sensor and the Altimeter and produce known outputs on the display. 

A contact closure in the astronaut's Radar control Panel 3 ("Radar Test Switch" 

to LOG position) gates out F /64 (9.6 kc) to the Velocity Sensor, and F /32 c c 

( 19. 2 kc) to the Altimeter. 

These signals go to phase splitters and scalers located in the V.S. and 

ALT Amp. Subassemblies of the Antenna Assembly. These circuits provide 

sine and cosine functions of the self test signals scaled to a level of 20 db 

above minimum acquisition level. The test signals are then applied to the 

55 db pre-amplifiers and processed through the Velocity Sensor and Altimeter 

as if they were Lunar returns. The Alt/ Alt. Rate Meter and the X-Pointers 

are driven to set pre-determined values. 
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2.5.2.1. 7 Cabling Subassembly 

The Cabling Subassembly contains all of the LR input/ output wiring going 

to the operational connector. The subassembly also contains relays, relay 

drivers and pulse drivers. The relays are those required to obtain the 

" discretes" for LGC and instrumentation. The pulse drivers shape and 

drive the V xa and Range PRF outputs over the 45 ft. cable between the LR EA 

and the Display/ Control Assembly. 

2.5.2.2 LR Velocity Sensor Functions 

The CW Radar Velocity Sensor operates in the X-band (10.51Gc) using a 

single solid state transmitter in conjunction with a three-beam, electronically 

tilted transmitting array antenna. The reflected X-band energy in each beam 

is shifted in frequency in proportion to the relative velocities and beam angles 

of the LM and the reflecting surface. 

2V • 

c Cos <I> 

Where: 

Fd = The doppler shift 

v = Relative velocity (total) 

Ft = Transmitted Frequency 

c = Velocity of Light 

<I> = Angle between velocity vector (total) and center of beam 

A portion of the reflected energy is picked up by the three Velocity Sensor 

receiving arrays, one array for each of the three beams. The receiving 

antennas are broadside array antennas, tilted mechanically for maximum 

efficiency in the direction of the corresponding transmitter beam. 
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' The received energy on each beam is routed through hybrids (signal 

splitting devices) to quadrature pair balanced mixers. In the balanced mixer, 

(Figure 2-51) the received energy is combined with energy directly from the 

solid state transmitter to accomplish a direct RF to AF conversion. Double 

balanced (Quadrature pair) mixers are used after the hybrids to permit 

retention of doppler signal sense. The signal in one channel of the balanced 

mixers leads or lags the signal in the other channel of the balanced mixers 

by 00° depending on the sense of doppler which results from an opening or a 

closing velocity. A closing velocity results in a positive doppler and a 90° 

lead signal. 

The AF output of the balanced mixers is a doppler spectrum resulting 

from the finite width (approximately 4 ° in the fore-aft direction) of the 

transmitted and received beams. This doppler spectrum is amplified and 

processed in a Dual AF Preamplifier, (55 db and 33 db ampl.) then routed to 

a Frequency Tracker. The Preamplifiers employ a switched AGC. At high 

altitudes, where signal strengths are low, the Preaniplifiers use two stages of 

amplification: 55 db and 33 db. The output of each Dual AF Preamplifier is 

sampled by a threshold detector. When the output signal level rises to 

approximately 300 mv (indicating a strong input signal to the preamplifiers) 

a solid state switch is enabled and a low gain indication is given the respective 

Frequency Tracker. When the solid state switch is thus enabled, the 33 db 

amplifier is bypassed, and the doppler signal gets only 55 db of amplification. 

The Frequency Trackers acquire and track th~ center of each doppler 

spectrum. In this process the doppler return is averaged and smoothed to 

obtain the doppler frequency D' representative of the doppler shift corresponding 

to the center of the RF beams. (See Figure 2-52.) The smoothing tends to reduce 
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effects of random noise and flunctuations resulting from uneven or different 

quality of reflecting surfaces. In addition the AF doppler is mixed with a 

614.4 kc subcarrier used in the further processing of the signal in the Velocity 

Data Converter. 

The Doppler Velocity Sensor (DVS) Frequency Trackers consist of two 

functional loops: the Tracking Loop and the Acquisition Loop. The Tracking 

Loop is basically a narrow band AFC circuit. Its purpose is to smooth and 

track the center of the doppler spectrum. Doppler sense is retained. The 

output is a pure sinusoid at the frequency of F c + D' . 

The basic functions of the Acquisition Loop are to sweep the Tracking 

Loop to within its acquisition (pull-in) capability and to prevent the Tracking 

Loop from locking on and tracking a false return. In addition, the Acquisition 

Lqop provides a tracker lock signal (TL) used to determine LR operational 

status. 

Tracker lock, or acquisition, is determined based on a signal to noise 

power comparison in the Doppler Signal Threshold Detector. A S/ N ratio of 

3 db is required before the tracking loop is permitted to lock on, and start 

tracking the doppler return. 

When all three frequency trackers are locked the Data Good Logic issues 

a Velocity Data Good (VDG) discrete to the LGC and to Instrumentation. 

The Velocity Data Converter contains three identical doppler processing 

circuits, referred to here as the Dl, D2 and D3 converter. These circuits 

extract the subcarrier F c' synchronize and multiply the doppler frequency by 

four, indicate doppler sense, and based on doppler sense provide an output to 

the Velocity Data Computer (part of same block as Velocity Converter). 
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In addition to the three converters, the Velocity Data Converter contains 

the Velocity Sensor Bandwidth Control Circuit (VSBCC). This circuit is 

basically a frequency comparator used to switch each DVS Frequency Tracker 

to its Narrow Band-Pass Mode when ( 1) its output frequency becomes less 

than 1.47 kc (D1 < 1.47 kc), and (2) to switch all of the DVS Frequency 

Trackers to the Narrow Band Pass Mode when altitude is less than 2500 ft. 

as indicated by the discrete signal from the Range Computer Altitude Mode 

Switch. (See figure 2-53.) 

The Velocity Data Computer converts the beam doppler products, D1, 

n 2 and n 3 into the antenna velocity coordinate outputs; V xa' V ya' V za 

relationships computed are as follows: 

Antenna Coordinate Outputs to LGC and Displays 

( Dl + 
D3) v = Kl xa 2 

v = (03 02) K2 za 

vya = (D1 02) K3 

The scale factors (K) used in interpreting the above velocity data 

The 

specified as discrete numbers are derived from the appropriate trigonometric 

relationships of the beams associated with each velocity coordinate. 

The three velocity data computers for obtaining LGC data each consists 

of an "adder, subtractor. divider'', and a pulse shaper and driver. (See 

figure 2-54.) The "adder. subtractor, and dividers" form the velocity 

coordinate terms, and then combine this term with an F / 4 subcarrier in . c 

order to retain velocity coordinate sense. The resulting PRF modulated 

pulse train is applied to a pulse shaper and driver. 
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There are also three display coordinate computers (Primed Velocity 

Computers) located in the Velocity Data Computer Sub-assembly. The 

outputs of two of these computers are de voltages directly proportional to the 

measured velocity and are used to drive the X-pointer velocity displays. 

The pulse trains are applied to the "Gate and Averaging Circuit" (Digital to 

Analog Converter). where it is averaged to obtain the analog outputs for 

V ' and V ' . The V ' pulse train is applied directly to the range rate ya . za xa 

meter wlth a sense signal (open relay contact for closing range rate). 

2.5.2.3 LR Altimeter Functions 

The FM/ CW Radar Altimeter is very similar to the Doppler Velocity 

Sensor in circuitry and in ·operation. The Altimeter solid state transmitter 

is very similar to the DVS transmitter, however, it does not contain an 

internal oscillator. Instead it receives an input from the Modulator. This 

input is frequency modulated in a sawtooth manner, at a repetition rate of 130 

cps. The Altimeter X-band (9.58 GC) microwave energy is applied to the 

altimeter transmitting antenna, a single-beam, electrically tilted array antenna. 

A continuous sample is taken of the transmitted energy and mixed with the 

return energy. The resultant difference of the mixing process is called the 

range frequency and is proportional to the sawtooth frequency deviation rate, 

and two times the distance to the reflecting surface. 

fr = _2a __ • __ d_r 
c 

where 

fr = Range Frequency c = Velocity of Light 

a = Distance to the reflecting surface 
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dr = Deviation rate = 

or 

40 mcps 
7000 Msec 

(Hi) 

8 mcps (Lo) 
7000 Msec 

= 2 
59.429 Mc / sec 

= 11.886 Mc / sec
2 

In addition to this frequency difference, (fr), there will be an additional 

frequency component (doppler) due to any relative velocity along the altimeter 

beam. 

This doppler component, (called D 
4

), is proportional to velocity along the 

altimeter beam, and adds to or subtracts from the range frequency (fr) 

depending on opening or closing velocity. A closing velocity results in a 

positive doppler signal. The signal processed by the Altimeter circuits can 

therefore be expressed as: 

+ [ 2v • FT Cos q,] fr+ D4 = [ 2a • 
c c 

Energy from the receiving antenna is split to form a quadrature pair of 

returns. These returns are coupled to microwave mixers along with a 

sample of the transmitted signal. The output is the difference frequency which 

is proportional to the time difference of the transmitted and received modulated 

energy. plus the doppler shift, as expressed above. 

The quadrature pair output, (fr + D 4), is routed to and processed by a 

Dual AF Preamplifier in the same manner as was done in the Velocity Sensor. 

After Amplification, (fr+ D 4> is routed to the Altimeter Frequency Tracker. 

where it is processed in a like manner as previously discussed for the doppler 

signals in the DVS Frequency Trackers. The main difference in operation is 

that the Altimeter Frequency Tracker contains a gate used to disable the 

tracking loop during flyback of the sawtooth modulation. This is accomplished 

with a 700 usec. blanking gate from the Oscillator/Modulator. 
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The Altimeter frequency tracker has two outputs; the tracker lock 

indication (RTL) routed to the Data Good Logic and F c + (fr+ D 4)' which is 

routed to the Range Converter for processing and doppler compensation 

·(removal of the ~erm D 4). 

In the Data Good Logic the term RTL is logically combined with the 

tracker lock indications T Ll and T L2 to provide the Range Data Good (RDG) 

signal used as a discrete indication of radar altimeter operation to the LGC 

and to Instrumentation. 

Processing of the term F c + (fr + D 4 ) ' consists of removing the 

term (F c) and sending the signal to the Adder / Subtractor, where the term D4 

is removed through logical combination with ;~ (D1 + D2). 

The velocity compensated range frequency (fr), a negative going pulse 

train, is routed to a frequency comparator, called the " Reference Signal 

Generator" and to a pulse shaper and gating circuit. 

The Reference Signal Generator circuit functions as a frequency 

comparator, in that it compares (fr) against reference frequencies derived 

from the Reference Oscillator. The reference frequencies are selected so as 

to provide a change in the output logic states (M) and (M) when slant range 

equals 2500 ft. on a descending trajectory, and 2600 ft. on an ascending 

trajectory. The logic state outputs are used as " mode control signals" , and 

as " gating signals" . As mode control signals, (M) (Altitude < 2500 feet) is 

routed to the Velocity Sensor Bandwidth Control circuit, where it is used to 

simultaneously switch all DVS frequency trackers to the Narrow Bandwidth 

Mode whenever slant range is less than 2500 ft. (M) is also used to switch the 

ALT. Frequency Tracker to the Narrow Bandwidth Mode, and to accomplish 
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the Oscillator/ Modulator deviation rate change. Mode Control (M), is also 

called "Range Low Scale Factor", and as such it is routed to a driver and 

relay in the cabling subassembly, where it is converted to a range scale 

discrete signal for use by the LGC. When Mis present, the altitude is 

greater than 2500 feet, a relay is energized to remove the low scale factor 

discrete from the LGC. At 2500 feet M is present and the relay contacts 

close for the discrete indication. 

The range pulse train (fr) is routed to the displays and to the Signal Data 

Converter where it is processed by the 15 BIT counter and Shift Register in 

the same manner as previously described for V , V and V • (See figure xa za ya 

2-55. ) The primary difference is that (fr) is not riding a bias frequency. 
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SECTION 3 

INTERFACE OF THE PGNCS WITH OTHER LM SYSTEMS 

3. 1 STABILIZATION AND CONTROL SYSTEM 

The stabilization and control system (SCS) contains two major functional 

sections: the control electronics section (CES) and the abort guidance sec -

tion (AGS). The SCS maintains two independent loops for flighl control of 

the LM by its interfaces with the PGNCS, the reaction control system (RCS), 

and the propulsion system (PS) . The primary loop which performs all func

tions necessary to complete the LM mission consists of PGNCS, CES, RCS, 

and PS. If a major failure occurs in the PGNCS, the abort guidance loop is 

used. The abort loop is achieved when the AGS is substituted for the PGNCS, 

thereby providing backup guidance, navigation, and control functions for a 

safe rendezvous with the orbiting CSM. The rendezvous radar can then be 

operated independent of PGNCS operation to provide navigation and guidance 

data to the AGS or can be used independent of either guidance system to 

obtain an effective rendezvous with the CSM. 

3. 1. 1 Digital Autopilot Flight Control 

The digital autopilot (DAP) is that segment of the PGNCS (primarily 

LGC and DSKY) which interfaces with the flight control subsystems to per

form an autopilot or augmentation task. The DAP works either in conjunc

tion with the PGNCS guidance loop to provide an integrated guidance and 
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control system, or in conjunction with the Thrust/Translation Controller 

Assy (TTCA) and the Attitude Controller Assy. (ACA) 

The major PGNCS functional interfaces for flight control are between 

the LGC and the CES (see Fig. 3-1 ). During autopilot operation, the LGC 

utilizes its navigation and guidance data to compute the necessary commands 

that must be issued to the CES to obtain proper flight control. 

The LGC generates sixteen discrete (ON -OFF) commands for each of 

the 16 RCS jets to control LM translation, ullage, and rotation. The attitude 

and translation control assembly (ATCA) amplifies these commands to the 

level required by the RCS primary solenoids. A selectable deadband feature 

is associated with the ATCA jet selection logic to provide a wide or narrow 

deadband. The wide deadband is used during coasting phases of the mis

sion to conserve fuel, while the narrow deadband is used when accurate atti

tude control is required. 

For descent or ascent engine control, ON-OFF commands originate from 

either the LGC or the Abort Guidance Section (AGS). Engine off is signalled 

based upon computer guidance program. 

The descent engine can be operated as a continuously-throttleable engine 

throttled from a 10% to 58% of its maximum thrust either automatically or manually 

or it can be operated at fixed throttle setting of 92. 5% of maximum thrust. Auto

matic throttle signals from the LGC are processed by the descent engine control 

assembly (DECA) and are directed to the descent engine. The two signals (increase 

or decrease throttle rate) from the LGC to the descent engine throttle servo 

are transformer coupled 3200 pps pulse trains which indicate increments of thrust 
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of 3 pounds each increment. The automatic throttle can be manually over

riden to increase engine throttle by advancing the TTCA. The crew can also 

select complete manual thrust control. 

The DECA receives four discrete (ON -OFF) rotation commands from 

the LGC and mechanically gimbals the descent engine. The descent engine 

is rotated at a constant angular rate of 0. 2 degrees/ second about the pitch 

or roll axis in the direction commanded for the duration of the ON command. 

Limits of rotation are plus or minus 6 degrees from the center position. 

During descent engine burning, the DA P tries to control the spacecraft 

attitude with the trim gimbal servo in order to save RCS propellants; but if 

the rather slow trim gimbal drive does not keep the attitude error within 

certain bounds, the RCS jets are used as the error is brought within the atti

tude deadband and then control is returned to the trim gimbal servo. The 

yaw control is always handled by RCS jets. 

The LGC also monitors signals for modifica~ion of commands. Two de 

signals from the automatic detection circuitry indicate the status of the 

descent engine from the gimbals to the LGC. With this information, the LGC 

modifies the descent engine gimbal commands appropriately. Monitoring is 

also done of the eight RCS thruster-off signals to choose the best set of Jets 

to use under the combined conditions of rotational commands, translation 

commands, and failed jets. Eight de signals from the THRUSTER PAIR 

switches indicate the status of RCS jet pairs to the LGC. With this informa

tion, the LGC modifies appropriately the jet select program in recognition 

of failed jets. 
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3. 1. 1. 1 Attitude Controller 

Astronaut manual control of vehicle attitude is commanded from either 

of the pistol-grip, right-hand controllers. Each attitude controller is mounted 

whereby the direction of LM rotations corresponds to the direction of the 

astronaut's hand motions. Hand movement to the left commands a left-roll 

and to the right commands a right-roll. Clockwise rotation of the controller 

commands a right-yaw and counterclockwise rotation commands a left-yaw. 

A forward hand movement on the controller commands a down-pitch and 

backward commands an up-pitch. 

A functional diagram of an attitude controller is contained in Fig. 3 - 2. 

When the controller is displaced from the center detent position, a detent 

switch is closed to provide a discrete to the LGC indicating attitude rate 

commands are being generated. The LGC then issues attitude change com-

mands to the jet drivers. These commands are proportional to the controller 

generated rate commands with polarity determined by the phase of the con-

troller rate commands with respect to a PGNCS 800 cps reference. The 

limit switches at the hardover position are hardwired to the secondary RCS 

jet solenoids; thereby, enabling the astronaut to fire the reaction control Jets 

directly, regardless of the flight control mode. 

The ACA 2. 5 ° switches provide inputs to either the secondary jet 

coils (att. control-direct), to the A TCA for pulse signals to the jets 

(att. control-Pulse) or they provide inputs to the LGC for min impulse 
• 

or LPD (att control-Mode control) . 

3. 1. 1. 2 Translation Controller 

Astronaut manual control of LM translation and throttling of the descent 

engine is commanded from either of the tee-handle left-hand controllers. 
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Both controllers always provide translation capability along the LM pitch 

axis (Y-axis) and LM yaw axis (Z -axis ). Each of the translation controllers 

is installed with its longitudinal axis approximately 45 ° from a line parallel 

to the LM roll axis permitting the direction of LM translations to correspond 

to the direction of the astronaut's hand motion. Motion of the controller to 

the left or right commands translations along the LM pitch axis and move

ment forward or backward commands translations along the LM!roll axis. 

When the two-position selector on the controller is set to the JETS 

position, up and down motion of the hand controller commands translations 

along the LM yaw axis (X-axis). With the switch in the THROTTLE position, 

up and down motion results in varying the thrust magnitude of the descent 

engine. Only one of the two controllers has manual throttle capability at any 

one time, depending on the position of the MAN THROT switch which routes 

BOO cps excitation voltage to one of the controller throttle transducers 

Translation command signals generated by a controller are routed to 

the LGC (see Fig. 3-3). A pair of detent switches are located about each 

controller axis so that when the controller is displaced from its neutral pos i

tion discretes are issued to indicate the di'rection and axis of displacement. 

Translation along the roll, pitch, and yaw axis can be commanded indepen

dently or in combination. Thus, the LGC issues translation commands in 

accordance with the controller motion and the resultant on-off jet commands 

originate from the LGC (a pair of limit switches about each controller axis 

provide the ability during abort guidance to manually issue translation com -

mands directly to the jet logic and driver circuitry of the RCS. ) 
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3.1.1.3 Selectable Modes of the DAP 

By means of the DSKY keyboard and the MODE CONTROL switch, the 

astronaut can select the DAP mode of operation. The DAP modes are as 

follows (for all of these modes, except the last, the GUID CONT switch must 

be in the PGNS position). 

Position of 

LM DAP 
Mode Control Switch 

Control Mode AUTO ATT HOLD OFF 

Automatic Maneuvering x 

Attitude Hold x x 
o~ 
~~ Manual Rate Control x 
~o 
if) ~ 

X-axis override x -< ....l 
o~ 
u Minimum Impulse Control x 

Off x 

Automatic Steering x 

Attitude Hold x 
0 
µ.:i~ 

Manual Rate Control x 0:: :r: µ.:io 
8: ~ X-axis override x o....l 
~~ 

Minimum Impulse Control x 

Off x 

TABLE 3-1. DAP Selectable Modes 

Prior to the selection of DPS program (P40), RCS program (P41), or APS 

program (P42), keying in V48E selects the DAP data load routine (R03 ). T his 

routine first flashes VO lN 46 which displays the DAP configuration code 

(ABCDE) in Rl (see Table 3-2). If the DAP configuration is not what is 

desired, V21E is keyed and the correct code is keyed into Rl display. 
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3. 1. 1. 3. 1 Automatic Mode 

The automatic mode is used when the PGNCS rather than the astronaut 

is commanding the orientation of the spacecraft. The LGC guidance equa

tions and steering law communicate with the DAP by periodically placing new 

numbers in the CDU desired registers and by specifying appropriate attitude 

deadbands. Hence, all attitude and translation commands necessary to per-

form a maneuver originate from the LGC. The LGC generates .RCS jet 

Code 

A = 1 

A= 2 

A= 3 

B = O 

B = 1 

B = 2 

c = 0 

c = 1 

D=O 

D = 1 

E=O 

E = 1 

E = 2 

E=3 

Description 

Ascent STAGE only 

Ascent & Descent STAGES 

Ascent and Descent STAGES 
Docked with CSM 

2 Jet Translation (RCS System A) 

2 Jet Translation (RCS System B) 

4 Jet Translation (RCS System A &B) 

Fine scaling ACA (4 deg/ sec) 

Normal scaling ACA (20 deg/ sec) 

Attitude deadband of O. 3 degrees 

Attitude deadband of 5. 0 degrees 

Kalcmanu rate of o. 2 degrees/ second 

Kalcmanu rate of O. 5 degrees / second 

Kalcmanu rate of 2 degrees / second 

Kalcmanu rate of 10 de'grees / second 

Table 3-2. DAP configuration codes. 

commands, descent engine increase and decrease signals, ascent and / or 

descent engine on/ off signals, and descent engine pitch and roll gimbal actuator 

on/ off commands. 

Associated with the automatic attitude maneuver is the V01N46 display, 

bit E, which selects the Kalcmanu rate of the maneuver. Low rates are 

chosen to conserve fuel, while high rates are chosen for expediency. 
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3. 1. 1. 3. 2 Minimum Impulse Command Mode 

This mode of the DA P is sometimes used during the inflight star sighting 

mark procedure. To enter the mode, V76E is keyed. To exit from this mode 

and use the ACA for the usual rate commands, the V77E is keyed. Fresh start 

initializes the ACA for rate commands. The autopilot stays in the selected mode 

(minimum impulse or rate command) until the contrary verb, 76 or 77, is entered. 

The Landing Program, P63, automatically performs an internal equivalent of V'l7. 

The minimum impulse mode is used by the astronaut to control the 

spacecraft with very low rate maneuvers. Each discrete deflection of the 

ACA (2. 5 degrees or more out of detent) will cause the DAP to issue com-

mands to the appropriate jets for minimum impulse. In this mode, the 

astronaut must do his own rate damping, his own attitude steering, and his 

own anticipation. When the crew selects the minimum impulse mode, they 

can perform an economic low rate maneuver to a new orientation of the 

spacecraft. 

During the minimum impulse command mode, the LGC commands one 

minimum impulse for each excursion of the hand controller beyond the limit 

switches (they are mounted 2. 5 degrees to each and every side of the in-

detent position). The ACA must be returned momentarily to the in - detent 

position between each pair of minimum impulses. Thus, no more than one 

pulse will be commanded by the LGC for each deflection of the hand con-

troller. The maximum frequency at which minimum impulses can be com -

manded is about five per second. If the astronaut wants a 
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mode rate change in rate rather than a very small one, he should normally use the 

rate command mode. 

It should be emphasized that no rate damping or attitude hold is exercised by 

the DAP during the minimum impulse command mode: the spacecraft drifts except 

for the minimum impulses commanded by the astronaut. 

3. 1. 1. 3. 3. Rate Command Mode 

In the manual rate command mode, the LM DAP interrogates the hand-controller 

counters that interface with the proportional rate command signals supplied by the 

attitude controller assembly (ACA) . Based upon the contents of these counters, the 

LM DAP computes the corresponding rate commands in pilot axes (wcP' wcQ' wcR). 

The magnitude of each of these commands is a quadratic function of the hand-controller 

deflection. The LM DAP then compares the rate commands with the estimated space-

craft rates and computes a set of rate errors • These errors 

are transformed into the LM DAP control axes and are used as one set of inputs to 

the manual rate control laws. The LM DAP also computes a set of body-axis attitude 

errors, () , by integrating the difference between the command rates and unfiltered 
e 

measurements of the actual vehicle rates. These rate measurements are made by 

back-differencing the CDU measurements over a control-sample period and trans-

forming to pilot axes. The attitude errors are then transformed to control axes and 

used as a second set of inputs to the manual control laws. The manual control logic 

selects one of two control laws - depending on the magnitude of the change in the 

commanded rate, (The direct rate mode, which 

is used when the change in commanded rate is large, ignores attitude errors. The 

pseudo-automatic mode, which is used when the change is small, controls through I the LM - alone or CSM -docked phase-plane logic and requires both rate and attitude 

errors.) Control-law selection occurs in the P, Q, R axes, while control is 

effected in the P, U, V axes. The control laws compute jet on-times that interface 

with the jet selection logic as before. When the hand controller is returned to the 
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center (detent) position, the commands are zeroed and the LM DAP damps the 

spacecraft rates below a threshold value at which time the LM DAP samples the 

CDU's, sets the desired attitude to the present attitude, and reverts to attitude hold. 

If the spacecraft has a sizable pitch and roll rate error, diagonal jets are used. 

The Attitude Controller Assy scale factor per bit is selected via bit C register 

1, display V01N46. A fine scale of 4 deg/ sec permits fine analog rate commanding 

(when C = O) and a normal scaling of 2 0 deg/ sec (when C = 1 ). 

3. 1. 1. 3. 4 Deadband Select Mode 

The astronaut has his choice of two attitude deadbands during attitude hold. 

The wide deadband is used during coasting phases of the mission to conserve fuel, 

while the narrow deadband is used when accurate attitude control is required. 

An attitude deadband of O. 3 degrees is obtained when bit D = 0 and of 5. 0 

degrees when bit D = 1 of V01N46 Rl display. 

3. 1. 1. 3. 5 Two or Four Jet X-Axis Translation Modes 

A selection of two or four jet operation during attitude hold is attained via bit B 

of V01N46 Rl display. 

If one of the four X-axis translation thrusters has failed, the jet selection 

routines in the DAP select the unfailed translation pair. Note that this policy 

allows the astronaut to exercise fuel management via his thruster isolation 

switches. 

3. 1. 1. 4 Manual Controller Capabilities 

An override of the automatic attitude control is accomplished by moving 

the ACA to the hardover position, which commands on/ off four jet operation in 
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any or all axes through the secondary coils of the thruster solenoid values. 

This capability is available at all times. However, the minimum impulse 

command or proportional rate command capabilities are only available to 

the ACA during attitude hold (ATT HOLD position of the MODE CONTROL 

switch). 

The TTCA is actuated during the auto and attitude hold modes. Manual trans 

lation control is accomplished by moving the translation controller out of 

detent. This causes on/ off firing of the jets by LGC generated commands. 

Each thrust / translation controller provides the crew with the translation 

capability along the Y LM and ZLM axes. The X-axis translation capability 

is added to a controller when the arm-switch is set to the JETS position. 

Thrust control of the descent engine is available to one controller when its 

arm-switch is set to THROTTLE position and 800 cps is routed to it through 

the MAN THROT selector (by either CDR or SE position). In addition, for 

manual throttle to be present, the THR CONT switch must be in MAN posi-

tion. 

3. 1. 1. 5 Jet Selection Policy 

The RCS is composed of two parallel independent systems (system A 

and system B) . . Figure 3-4 illustrates the thrust directions of each system's 

jets. The DAP jet selection policy is listed in Table 3-3. The first entry 

is the optimal jet policy for the DAP to use when the specified maneuver is 

requested of the jet select policy by the attitude steering or rate command 

sections. Each of the subsequent entries defines the next most desirable jet 

policy to use when a detected jet failure precludes the use of the policy listed 
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Type of Translation Normal 
Commanded Policy Alternative Disabled - Jet Policy 

+ Y translation 12, 16 If 16 has been disabled, set up the tacking* 
policy of alternating between (12,3) and 
(12,11). 

If 12 has been disabled, set up the tacking 
policy of alternating between (16,15) and 
(16, 7 ). 

-Y translation 4,8 If 8 has been disabled, set up the tacking 
policy of alternating between (4, 3) and (4, 11). 

If 4 has been disabled, set up the tacking 
policy of alternating between (8 , 7) and (8,15). 

+Z translation 7 ,11 If 11 has been disabled, set up the tacking 
policy of alternating between (7,8) and (7,16) . 

If 7 has been disabled, set up the tacking 
policy of alternating between (11,12) and 
(11,4). 

-Z translation 3, 15 If 15 has been disabled, set up the tacking 
policy of alternating between (3,4) and (3,12). 

If 3 has been disabled, set up the tacking 
policy of alternating between (15,8) and 
(15,16) . 

(+Z, + Y) translation 7, 11, If either 11 or 12 has been disabled , use 
[ + U translation] 12, 16 (7 ,16). 

If either 7 or 16 has been disabled, use 
(11,12). 

(-Z, - Y) translation 3,4, If either 8 or 15 has been disabled, use 
[ - U translation] 8, 15 (3,4). 

If either 3 or 4 ha s been disabled, use 
(8,15). 

(+Z, - Y) translation 4,7 If either 4 or 11 has been disabled, use 
[ + V translation] 8,11 (7 ,8). 

If either 7 or 8 has been disabled, use 
(4,11). 

,:, Tacking alternation is done every o. 1 sec. 

TABLE 3-3. Jet Selection Policy 
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Type of Translation or 
Rotation Commanded 

( -Z, +Y) translation 
l -V translation] 

4-jet, +X translation 

2-jet, +X translation 
with fuel system A 

2-jet, +X translation 
with fuel system B 

4-jet, -X translation 

2-j et, - X translation 
with fuel system A 

2-jet, -X translation 
with fuel system B 

2-jet, +U rotation 

1-jet, +U rotation 
(+X translational 
sense desired) 

1-jet, +U rotation 
( - X translational 
sense desired) 

2-jet, -U rotation 

1-jet, -U rotation 
(+X translational 
sense desired) 

Normal 
Policy 

3, 12 
15, 16 

2,6,10, 
14 

2, 10 

6,14 

1,5,9,13 

5, 13 

1,9 

5, 14 

14 

5 

6, 13 

6 

Alternative Disabled-Jet Policy 

If either 15 or 16 has. been disabled, use 
(3, 12). 

If either 3 or 12 has been disabled, use 
(15,16). 

If either 2 or 10 has been disabled, use 
(6,14). 

If either 6 or 14 has been disabled, use 
(2,10). 

If either 2 or 10 has been disabled, use 
(6, 14). 

If either 6 or 14 has been disabled, use 
(2,10). 

If either 5 or 13 has been disabled, use 
( 1, 9 ). 

If either 1 or 9 has been disabled, use 
(5,13). 

If either 5 or 13 has been disabled, use 
(1,9). 

If either 1 or 9 has been disabled, use 
(5,13). 

If 14 has been disabled, use 5 alone. 
If 5 has been disabled, use 14 alone. 

If 14 has been disabled, use 5. 

If 5 has been disabled, use 14. 

If 13 has been disabled, use 6 alone. 
If 6 has been disabled, use 13 alone. 

If 6 has been disabled, use 13. 

TABLE 3-3 (Cont.) Jet Selection Policy 
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Type of Translation or Normal Alternative Disabled-Jet Policy 
Rotation Commanded Policy 

1-jet, -U rotation 13 If 13 has been disabled, use 6. 
( - X translational 
sense desired) 

2-jet, +V rotation l, 10 If 10 has been disabled, use 1 alone. 
If 1 has been disabled, use 10 alone. 

1-jet, + V rotation 10 If 10 has been disabled, use 1. 
(+X translational 
sense desired) 

1- jet, + V rotation 1 If 1 has been disabled, use 10. 
(- X translational 
sense desired) 

2-jet, -V rotation 2,9 If 9 has been disabled, use 2 alone. 
If 2 has been disabled, use 9 alone. 

1 - jet, -V rotation 2 If 2 has been disabled, use 9 
(+X translational 
sense desired) 

1- jet, -V rotation 9 If 9 has been disabled, use 2. 
( - X translational 
sense desired) 

4-jet, + P rotation 4,7,12,15 Normal Policy 

7 ,15 Alternate 2-jet policies 
4, 12 
4,7 
7, 12 
12, 15 
4, 15 

4-jet, -P rotation 3,8, ll, 16 Normal Policy 

8, 16 Alternate 2-jet policies 
3,11 
8,11 
11,16 
3, 16 
3,8 

2-jet, +P rotation Alternate pulses between (4,12) and (7 ,15). 

2-jet, -P rotation Alternate pulses between (3,11) and (8,16). 

Note: All rotations expressed are to be interpreted in terms of the right-hand 
rule. 

TABLE 3-3 (Cont.) Jet Selection Policy 
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above it. Use of these alternate j et policies naturally creates degraded per 

formance of the DAP (which is to be expected after single or multiple jet 

failures). If all of the policies for a particular maneuver cannot be used, 

the program alarm light is lit and an alarm code is stored which will indicate I 
to the astronaut that a translation or rotation failure exists. 

3.1.2 Abort Guidance Flight Control 

The abort guidance section (AGS) is the backup for the PGNCS. Only in 

the event of a malfunction does the AGS actually take the place of the PGNCS. 

The AGS consists of the data entry and display assembly (DEDA), abort 

sensor assembly (ASA); and the abort electronics assembly (AEA); which 

represent, in effect, a backup loop for the DSKY, IMU, and the LGC. 

The ASA uses a strap-down inertial technique instead of the inertial 

platform as used in the !MU. Where the inertial platform relies on a stabi-

lized gimbal system to maintain fixed accelerometer orientation, the strap-

down system measures the accelerometer rotation about a fixed reference 

frame and resolves the acceleration into the fixed reference frame. The ASA 

employs three accelerometers and three gyros. Angular velocity data from 

the gyros is proce ssed to update vehicle attitude and resolve acceleration 

data. 
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The AGS is initially aligned to the PGNCS and operates in an open-loop 

fashion with the primary guidance system. Hence, the crew can sample the 

AGS constantly, calling up critical information and comparing it to the pri-

mary system. 

3. 1. 2. 1 AGS Initialization 

Initialization of the AGS is obtained during the AGS initialization Routine 

(R-47). When the zero CDU discrete is issued from the LGC, it provides 

simultaneous zeroing of the angle counters in the AGS, CDU, and LGC. Hence, 

with removel of the discrete the CDU registers increment up to the present 

IMU gimbal angles while sending the same increments to the LGC and AGS 

counters. The six signals of plus and minus gimbal angles from the CDU 

are then continuously monitored by both the LGC and AGS, providing a common 

reference with which to define LM attitude. 

In addition, R 47 establishes the ground elapsed time of AEA clock zero 

and provides the AEA with the LM and CSM state vectors (position, velocity, 

and time ). At a desired GET, the astronaut simultaneously makes an ENTR 

in both DSKY and DEDA. The LGC stores the GET at this enter and sub-

tracts this time from all state vector reference times used in the AGS initiali-

zation. (There is also the option of loading the AGS initialization obtained 

from an external source.) If in earth orbit the program divides the 

state vectors by four and puts these parameters with the modified time 

reference on a special telemetry down link list which is sent ten consecutive 

times, before the normal downlink format is resumed. During this initializa-

1 tion downlink the AEA rnoni tors the data. The 
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AEA accepts the first sixteen bits of each PGNCS 40- bit downlink word. 

The position, velocity, and time are transmitted within double precision 

words. The most significant part is transmitted prior to the least significant 

part, The bit weights are: 

1. Position: Most significant bit = 222 feet 

2. 12 Velocity: Most significant bit = 2 feet / second 

3. Time: Most significant bit = 217 seconds 

Subsequent AGS initializations do not normally require a new time 

referencing operation involving the simultaneous LGC and AEA enter inputs. 

During AGS initializations following the first, the special initialization down-

link list is prepared by modifying the state vector times by subtracting the 

initial GET r~ference time determined in the first initialization. 

) 3. 2 PGNCS/ AGS SWITCHING 

The controls and dis plays for flight control are functionally illustrated 

in Figs. 3- 5 and 3- 6. 

3. 3 GIMBAL ANGLE SEQUENCE TRANSFORMATION ASSEMBLY (GASTA) 

The Gimbal Angle Sequence Transformation Assembly (GAST A) is used 

to transform the three axis attitude information from the LM inertial 

plat form into three a xis attitude information in a sequence usable by the 

LM attitude indicator. The GASTA must determine the necessary angular 

position of each gimbal in the ball indicator in order that the indicator sphere 

may assume the proper orientation. 
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The stable platform and its gimbal sequence is as shown in Figure 3-7. 

Note that the outer gimbal axis of the platform is parallel to the X axis of the 

lunar module. The middle gimbal axis of the platform is perpendicular 

to the outer gimbal axis, and the inner gimbal axis is perpendicular to the middle 

gimbal axis. Rotation of each gimbal around its particular gimbal axis is 

measured by the output of a synchro resolver which is mounted on the re

spective gimbal. The output signal of each synchro resolver is given by 

two voltages; one proportional to the sine and one proportional to the co-

sine of the gimbal angle. 

The sphere in the ball indicator and its gimbal sequence are as shown 

in Figure 3-7. Note that the outer gimbal axis of the sphere is parallel to the 

Z axis of the lunar module. The middle gimbal axis is perpendicular to 

the outer gimbal axis, and the inner gimbal axis is perpendicular to the 

middle gimbal axis. The indicator sphere is positioned with respect to the LM 

axes by position servo assemblies, which cause the indicator gimbals to 

rotate around their respective gimbal axes. 

The GAST A output signals are voltages proportional to the sine and cosine 

of the required indicator gimbal angles. The roll, yaw, and pitch gimbal axis 

angles of the indicator are designated a, {3, and y respectively. The equations 

which define the conversion of the IMU gimbal angles to the FDAI girnbal angles 

are shown in Figure 3-7. 

3.4 INSTRUMENTATION SUBSYSTEM 

A primary function of the instrumentation subsystem is to monitor data 

pertaining to subsystems performance, and then condition this data to a 

format which can be assembled and digitalized for transmission to earth. 
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The manned space flight network (MSFN) converts this data into intelligible 

formats that permit participation in major decisions to abort or modify the 

missions, assistance in spacecraft management during crew high activity 

phases, and recording a detailed system status and performance history. 

The instrumentation data consists of three types: discrete signals, LGC 

digital downlink data, and coded analog data. (See Fig. 3-8.) The PCM 

(pulse code modulator) encodes the analog data into digital form'. The PCM 

output register receives both serial digital data from the ~GC and parallel 

digital data from the PCM digital multiplexer upon PCM programmer com

mands. This data is then accurately timed and coded into NRZ (non-return-to

zero) serial format for transmission to earth. The PCM programmer also 

generates t~e commands which start, stop and synchronize the flow of LGC 

serial data to the instrumentation subsystem. A master clock signal 

(1024 kpps) is sent from the LGC to the central timing equipment to synchro

nize all spacecraft systems to a common frequency base. 

All of the analog signals and some of the discretes must be converted 

to a common impedance and voltage range (O to 5 vdc) to be acceptable to the 

PCM multiplexer. This is accomplished by the signal conditioning electronics 

assembly (SCEA) and the PGNCS signal conditioner. The PGNCS signal con

ditioner converts PGNCS signals to a compatible PCM form. (See Fig. 3-9.) 

The signal conditioner also provides isolation between the component or circuit 
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( ~) being monitored and the telemetry system. The PCM multiplexer transforms 

the conditioned signals into eight bit telemetry words suitable for the telemetry 

multiplexer and transmission. The PGNCS operational signal conditioner 

consists of four modules: 

1. DAC PIPA temperature and 2. 5 volt bias signal conditioner 

2. IRIG and PIPA signal conditioner 

3. Gimbal resolver signal conditioner 

4. Radar resolver and 120 V PIPA supply signal conditioner 

The signal conditioner receives a 28 volt de, B+ supply voltage from the 

PSA, and a 2. 5 volt DC bias voltage is generated in the signal 

conditioner. The 28 volt de B+ is applied to each module. The 2. 5 volt de 

bias voltage is connected in series with the demodulated outputs of each 

) module and is also monitored directly by the PCM multiplexer. The 2. 5 volt 

de bias high is connected to the . signal low and becomes the reference point 

for the 0 to 5 volt signal outputs of the demodulators. In this manner, a 

zero- phase ac signal, after conditioning, is represented as a de voltage value 

above the 2. 5 volt reference. A pi- phase signal, after conditioning, is repre

sented as a de voltage value below the 2. 5 volt reference. Bipolar de signals 

from PGNCS which may be positive or negative and have a zero volt reference 

after conditioning are represented in a similar manner. Positive voltages are 

represented as a voltage value above the 2. 5 volt reference and negative 

voltages are represented as a voltage value below the 2. 5 volt reference. 

Discrete signals are telemetered as single bits within eight bit words. 

The PGNCS, LGC, a nd ISS discretes are developed to their proper 5 vdc level 

by the SCEA. 
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Table 3-4 contains a complete listing of all PGNCS operational telemetry 

data that is monitored by flight controllers and ground support personnel. 

Also included in this table is reference to figures which will show the source 

of the telemetered signal. 

3. 4. 1 LGC Digital Downlink 

The downlink format is controlled by an LGC program. This program is 

entered on an interrupt caused by an " endpulse " from the telemetry system. 

The program loads the content of the next two 16-bit LGC registers that are 

to be transmitted into channels 34 and 35. The loading is accomplished accord

ing to the format described in the next paragraph. 

Each downlist word consists of 33 significant bits plus seven repetition 

bits. The first bit is a " word order code bit" . The next 16 bits comprise the 

contents of one 16-bit LGC register (15 bits of data followed by an odd parity 

bit ). The final 16 bits are the content of another 16-bit LGC register. Since 

the spacecraft downlink is organized in 8-bit segments, seven "filler bits " 

are transmitted to follow the 33 bits outlined above in order to use all the 

downlink space available. These filler bits are repetitions of the first seven 

bits of the first LGC register transmitted. 

The first word in any list contains the " ID" and synchronization registers 

and has a word order code bit of zero. (All other downlink words have word 

order code bit of one except word 51 on the nominal downlists which has a 

word order code bit of zero to indicate the mid-point of the nominal downlists. ) 

3-30 



Measure- Reference 
ment No. Measurement Description Data Limits s/s Figures 

GGOOOl LGC digital data (40 bit) 50 T able 3-5 

GG1040V 120 vdc PIPA supply DC level 85 - 135 vdc 1 2-14 

GGlllOV 2. 5 vdc TM bias nom 2. 5 vdc 1 3-8 

GG1201V IMU 28v O. 8 kc 1% 0 deg. rms 0 - 31. 1 vrms 1 2-15 

GG1331 V 3. 2 kc 28v supply 0 - 31. 1 vrms 1 2-17 

GG1513X +2 8v IMU standby OFF-ON 10 3-10 

GG1523X +28v LGC operate OFF-ON 10 3-10 

GG2001V X PIPA SG output in phase -2. 5 + 2. 5 vrms 50 2-8 

GG2021 V Y PIPA SG output in phase -2. 5 +2. 5 vrms 50 2-8 

GG2041V Z PIPA SG output in phase -2. 5 +2. 5 vrms 50 2-8 

GG2107V IG servo error in phase -3 +3 vrms 100 2-9 

GG2110C IG torque motor current -o. 5 +o. 5 amps 100 2-9 

) GG2112V 1G· 1x resolver output sin -20. 25 +20. 25 vrms 10 2-10 

GG2113V IG IX resolver output cos -20. 25 +20. 25 vrms 10 2-10 

GG2121V IG lX resolver sin x -5 +5 vrms 100 2-10 

GG2137V MG servo error in phase -3 +3 vrms 100 2-9 

GG2140C MG torque motor current - o. 5 +o. 5 amps 100 2-9 

GG2142V MG lX resolver output sin -21. 5 +21. 5 vrms 10 2-10 

GG2143V MG lX resolver output cos - 21. 5 + 21. 5 vrm s 10 2-10 

GG2151 V MG lX resolver sin x -5 +5 vrms 100 2-10 

GG2167V OG servo error in phase -3 +3 vrms 100 2-9 

GG2170C OG torque motor current -o. 9 +o. 9 amps 100 2-9 

GG2172V OG lX resolver output sin -20.5 +20.5 vrms 10 2-10 

Table 3- 4 •. PGNCS Telemetry Operational Measurement List. 
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Measure- Reference 
ment No. Measurement Description Data Limits S/S Figures 

GG2173V OG lX resolver output cos -20. 5 +20. 5 vrms 10 2-10 

GG2181V OG lX resolver sin x -5 +5 vrms 100 2-10 

GG2219V Pitch attitude error -5 +5 vrms 10 2-10 

GG2249V Yaw attitude error -5 +5 vrms 10 2-10 

GG2279V Roll attitude error -5 +5 vrms 10 2-10 

GG2300T PIPA temperature · 120-140 deg F 1/ 1 2-13 

GG3304V RR shaft lX rslvr out sin -21. 5 +21. 5 vrms 10 2-31 

GG3305V RR shaft lX rslvr out cos -21. 5 +21. 5 vrms 10 2-31 

GG3324V RR trunnion lX rslvr out sin -21. 5 +21. 5 vrms 10 2-31 

GG3325V RR trunnion lX rslvr out cos -21. 5 +21. 5 vrms 10 2-31 

GG6020T PIPA cal temp. oo +150°F 1 2-8 

GG9001X LGC warning GAEC conditioned 1/1 2-48 

GG9002X ISS warning GAEC conditioned 1/ 1 2-48 

Table 3-4. PGNCS Telemetry Operational Measurement List (Cont.). 
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) 

The ID register marks the beginning of a list and identifies the list being trans

mitted. All IDs are made n~gative so that word 1 of each list can always be 

distinguished from word 51 (TIME2/ 1 is always positive). The following IDs 

are used in Luminary. 

Orbital Maneuvers List 

Coast and Align List 

Rendezvous and Prethrust List 

Descent & A scent List 

LUNAR Surface Align List 

A GS Initialization List 

777748 

777778 

777758 

777738 

777728 

777768 

The synchronization (sync) register alw.ays contains the same sixteen bits 

(111 111 011 100 000 0), which are used to synchronize remote site downlink 
I 

processing equipment. Table 3-5 shows the general format of the downlink. 

The nominal LGC downlink lists contain 100 downlink words (200 LGC 
\~~ ~ ';·. 

registers) which are transmitted at a rate of 50 words per second. 

The list switc hing is accomplished as follows: The DOWNLINK program, 

at the beginning of a pass, uses the ID word to trigger selection of the appro-

pr iate list for that pass. Whenever a new. program is entered, it sets up a 

r equest for its list by placing the appropriate value in the register which the 

DOWNLINK will pick up as the ID. When, at the beginning of the next pass, 

the DOWNLINK reads this register, the appropriate list is then initiated (i.e., 

the list is not switched in the middle ·of a pass). This procedure is of course 

not true for the erasable memory dump downlist, which completes its required 

number of passes irrespective of other programs. 

On each of the nominal downlists there are two time-

homogeneous sets of data. Since certain data on the down-

link are only meaningful when considered in multiregister arrays 
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Downlink Contents of 
Word No. Order Code First Register Second Register 

1 0 ID Sync 

2 1 

1 
Snapshot data which may vary 

l with different lists 

1~ 1 

14 1 

} 
Regular data which probably is 

l different for different lists 

44 1 

45 1 

} l DSPTAB registers 

50 1 

51 0 TIME 2 TIME 1 

52 1 

1 l Snapshot data which may vary 

63 1 with different lists 

64 1 

1 J 
Regular data which probably is 

different for different lists 
90 1 

91 1 Channel 11 Channel 12 

92 1 Channel 13 Channel 14 

93 1 Channel 30 Channel 31 

94 1 Channel 32 Channel 33 

95 1 

l l 
Regular data which probably is 

different for different lists 
100 1 

Table 3-5. General LGC Downlink Format 
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(i.e., state vectors) and since the programs which compute these arrays 

are not synchronized with the downlink program, a "snapshot" is taken of 

these registers so that changes in their values will not occur while these arrays 

are being transmitted to the ground. The "snapshot" of the 24 registers that 

make up words 2 through 13 is stored at the time that word 2 is transmitted 

and the next 11 words (22 registers) are read out of this "snapshot" buffer. 

The same is true for words 52 through 63, except that the "snapshot'' is taken 

at the time that word 52 is transmitted. The other words in the downlist are 

read from the appropriate registers at the time of transmission, and therefore 

the only time homogeneity here is between the two registers making up a 

single word. Tables 3-5 A, B, C, D, E, and F are lists of the various 

down list register contents. 

3. 4. 2 Digital Uplink to the LGC 

By means of the LGC uplink the ground can insert data or instruct the 

LGC in the same manner normally performed by the crew using the DSKY 

keyboard. No block uplink switch exists in the LM. The LGC update pro

gram (P27) is normally manually selected by the astronaut by DSKY entry. 

or by the ground by uplink transmission. Update is selected only from POO. 

The LGC updates are of four categories: 

1. To provide an octal increment for the LGC clock only (V73) 

2. To provide an octal increment for the LGC clock and TEPHEM (V70) 

3. To provide load capability for a block of sequential erasable 

locations (locations 1-18 inclusive, whose address is specified)(V71) 

4. To provide load capability for specified erasable locations 1-9 

(V72) 
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Word 
Number 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

1 7. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

Contents 
First Register 

I. D. (77774
8

) 

CSM State Vector (R) 

CSM State Vector (R ) 
y 

CSM State Vector (Rz) 

CSM State Vector (V ) x 
CSM State Vector (V ) y 
CSM State Vector (V z) 

CSM State Vector Time 

TF 

RTARG X 

RTARG Y 

RTARG Z 

Elevation Angle 

Time of Event 

REFSMMAT (R
1 

C
1

) 

REFSMMAT (R
1

C 2) 

REFSMMAT (R1 C 3
) 

REFSMMAT (R
2

C
1

) 

REFSMMAT (R
2

C
2

) 

REFSMMAT (R2C 3) 

CSI Time 

CSI AV X 

CSI AV Y 

CSI AV Z 

VGTIG X 

VGTIG Y 

VGTIG Z 

LR Vel Z 

TPF Time 

REDO COUNTER 

Final CDU Y (THETAD + 1) 

RS BBQ 

Second Register 

Sync (77340
8

) 

CSM State Vector (R ) 
x 

CSM State Vector (R ) 
y 

CSM State Vector (R ) . z 
CSM State Vector (V ) x 
CSM State Vector (V ) y 
CSM State Vector (V z) 

CSM State Vector Time 

TF 

RTARG X 

RTARG Y 

RTARG Z 

Elevation Angle 

Time of Event 

REFSMMAT (R
1

C
1

) 

REFSMMAT (R1 C 2) 

REFSMMAT (R
1

C
3

) 

REFSMMAT (R
2

C
1

) 

REFSMMAT (R
2

C
2

) 

REFSMMAT (R
2

C
3

) 

CSI Time 

CSI AV X j 
CSI AV Y 

CSI AV Z 

VGTIG X 

VGTIG Y 

VGTIG Z 

LR Alt 

TPF Time 

I 
Final CD U X (THET AD) 

Co_rp.ments 

Reference Coor
dinates 

(Time of Flight 
to Conic Target 
Aim Vector) 

Reference Coor
dinates 

REFSMMAT = 
3 x 3 Matrix 
R =row 
C =column 

Reference Coor
dinates 
( DELVEEI'l) 

Reference Coor
dinates 

Raw Data 

Final CDU Z (THETAD + 2) 

RSBBQ + 1 

*Indicat~s two single precision words that are not distinguished otherwise. 

Fig. 3-5A Orbital Maneuvers Downlist (Sheet 1 of 3) 
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Word Contents 
Number Fi r s t Register Second Register Comments 

') 
33, Actual Body Rate X Actual Body Rate Y 

f 

OMEGAP, Q&R 

34, Actual Body Rate Z Garbage In Body Axes 

35, CDUXD CDU YD 

f 

RCS DAP Internal 
CDU's Desired 

36, CDU ZD Garbage 

37. Actual CDU X Actual CDU Y 

38, Actual CDU Z RR TRUNNION cru 
39. Flagword 0 Flagword 1 

40, Flagword 2 Flagword 3 

41, Flagword 4 Flagword 5 

42. Flagword 6 Flagword 7 

43, Flagword 8 Flagword 9 

44, Flagword 10 Flagword 11 

45. DSPTAB + 0 DSPTAB + 1 

46. DSPTAB + 2 DSPTAB + 3 

47, DSPTAB + 4 DSPTAB + 5 

48, DSPTAB + 6 DSPTAB + 7 

49, DSPTAB +SD DSPTAB + 9D 

50, DSPTAB + !OD DSPTAB + llD 

51. Time 2 Time 1 

) 52. LM State Vector (Rx) LM State Vector (R ) 
x 

53. LM State Vector (Ry) LM State Vector (R ) 
y 

54, LM State Vector (Rz) LM State Vector (R ) Reference Coor -z 
dinates 55, LM State Vector (V) LM State Vector (V ) 

x 
56, LM State Vector (V ) LM State Vector (V ) y y 
57. LM State Vector (V z) LM State Vector (V z) 

58, LM State Vector Time LM State Vector Time 

59, Desired Body Rate X Desired Body Rate Y OMEGAPD 

60. Desired Body Rate Z Garbage OMEGAQD 
OMEGARD 
Body Axes 

61, ~ CADRFLSH CADRFLSH + 1 

62, )\ CADRFLSH + 2 FAILRffi 

63, '"/... FAILRffi+l FAILRffi+2 

64, RAD MODES DAPBOOLS 

65, POSTOFKU NEGTORKU 

66. POSTORKV NEGTORKV 

67, Spare Spare 

Fig. 3-SA Orbital Maneuvers Downlist (Sheet 2 of 3) 
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Word Contents 
Number First Register Second Register Comments 

68. CDH Time CDH Time 

69. CDH Delta V CDH Delta V x I DELVEET 2 in x 
70. CDH Delta V CDH Delta V Reference Coor-y y 

dinates 71. CDH Delta V CDH Delta V z z 
72. TPI Time TPI Time 

73. TPI Delta V x TPI Delta V x DELVEET 3 in 
74. TPI Delta V TPI Delta V Reference Coor-

y y dinates 
75. TPI Delta V z TPI Delta V.z 

76. R R Range R R Range Rate J 
77. LR Vel X LR Vel Y Raw 

Data 
78. LR Vel Z LR Alt 

79. CDH Delta Altitude CDH Delta Altitude 

80. LM Mass CSM Mass 

81. !MODES 30 !MODES 33 

82. TIG TIG 

83. Actual Body Rate X Actual Body Rate Y 

l 
OMEGAP 

84. Actual Body Rate Z Garbage OMEGAQ 
OMEGAR 
Body Axes 

85. CDUXD CDU YD 

~ 
RCS DAP Internal 

86. CDU ZD Garbage CDU's Desired 

87. Actual CDU X Actual CDU Y 

88. Actual CDU Z RR TRUNNION CID 

89. Moment Offset Q Moment Offset R 

90. POSTORK P NEGTORK P 

91. Channel 11 Channel 12 

92. Channel 13 Channel 14 

93. Channel 30 Channel 31 

94. Channel 32 Channel 33 

95. PIPTIME 1 PIPTIME 1 

96. DELV X DELV X I Stable Member 

97. DELV Y DELV Y Coordinates 

98. DELV Z DELV Z 

99. Spare Spare 

100. TGO TGO 

Fig. 3-SA Orbital Maneuvers Downlist (Sheet 3 of 3) 
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Word Contents 
Number First Register Second Register Comments 

1. I. D, (77777 
8

) Sync (77340
8

) 

2. CSM State Vector (R ) 
x CSM State Vector (R) 

3, CSM State Vector (R ) CSM State Vector (R ) 
y y 

4. CSM State Vector (R ) CSM State Vector (R
2

) Reference Coor-z 
dinates 5, CSM State Vector (V ) CSM State Vector (V ) x x 

6. CSM State Vector (Vy) CSM State Vector (V ) 
y 

7, CSM State Vector (V ) z CSM State Vector (V 
2

) 

8, CSM State Vector Time CSM State Vector Time 

9, . K Factor K Factor 

10, TALIGN TALIGN 

11. POSTORK U NEGTORK U 

12. POSTORK V NEGTORK V 

13. RR Range RR Range Rate Raw Data 

14. Time of Event Time of Event 

15. REFSMMAT (R
1

C
1

) REFSMMAT (R
1

C
1

) 

16. REFSMMAT (R
1

C 2) REFSMMAT (R
1
C

2
) REFSMMAT= 

17. REFSMMAT (R
1

C
3

) REFSMMAT (R
1

C
3

) 3 X 3 matrix 
R =row 

) 
18. REFSMMAT (R2C 1) REFSMMAT (R2C

1
) C =column 

19. REFSMMAT (R2C 2) REFSMMAT (R2C2) 

20, REFSMMAT (R2C 3) REFSMMAT (R2C
3

) 

21. AOT CODE Garbage 

22. Landing Site Vector X comp. Landing Site Vector X comp. ] 

23, Landing Site Vector Y comp. . . Moon-fixed 
Landmg Site Vector Y comp. C d" t oor ina es 

24, Landing Site Vector r. comp, Landing Site Vector ~ comp. 

25. LR VEL X LR VEL Y Raw Data 

26, LR VEL Z LR Range 

} 2 7, VGTIG x VGTIG x 

I 28, VGTIG y VGTIG y Reference 

29. VGTIG z VGTIG z Coordinates 

30, REDO Counter Final CDU X (THETAD) 

31. Final CDU Y (THETAD + 1) Final CDU Z (THETAD + 2) 

32, * RS BBQ RSBBQ + 1 

33. Actual Body Rate X Actual Body Rate Y I (OMEGAP) (OMEGAQ) 
Body Axes 

34, Actual Body Rate Z Garbage 
(OMEGAR) 

) 
Fig. 3-SB Coast and Align Downlist (Sheet 1 of 3) 
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Word Contents 
Number First Register Second Register Comments 

35. CDUXD CDU YD l Internal 

36. CDU ZD Garbage CDUs Desired 

37. Actual CDU X Actual CDU Y 

38, Actual CDU Z RR TRUNNION CID 

39, Flagword 0 Flagword 1 

40, Flagword 2 Flagword 3 

41. Flagword 4 Flagword 5 

42. Flagword 6 Flagword 7 

43. Flagword 8 Flagword 9 

44. Flagword 10 Flagword 11 

45, DSPTAB + 0 DSPTAB + 1 

46, DSPTAB + 2 DSPTAB + 3 

47, DSPTAB + 4 DSPTAB + 5 

48, DSPTAB + 6 DSPTAB + 7 

49. DSPTAB + 8D DSPTAB + 9D 

50, DSPTAB + lOD DSPTAB + llD 

51. Time 2 Time 1 

52. LM State Vector (Rx) LM State Vector (Rx) 

53, LM State Vector (RY) LM State Vector (Ry) 

54. LM State Vector (Rz) LM State Vector (Rz) Reference Coor-

55, LM State Vector (V ) LM State Vector (V ) dinates 
x x 

5G, LM State Vector (V ) LM State Vector (V ) y y 
57. LM State Vector (V z) LM State Vector (V z) 

58, LM State Vector Time LM State Vector Time 

59. Desired Body Rate X Desired Body Rate Y 

l Body Axes (OMEGAPD) (OMEGAQD) 

60. Desired Body Rate Z Garbage 
(OMEGARD) 

61. ft" CADRFLSH CADRFLSH + 1 

62. jl; CADRFLSH + 2 FAILREG 

63, ·* F AILREG + 1 FAILREG + 2 

64. RAD MODES DAPBOOLS 

65 , OGC OGC 

66, IGC IGC 

67. MGC MGC 

68, STAR I. D. 1 STAR I.D. 2 

Fig. 3-SB Coast and Align Oownlist (Sheet 2 of 3) 
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Word Contents 
Number Firs t Register Second Register Comments -

69, VECTOR lX VECTOR lX 

I 
associated with 

70, VECTORlY VECTOR lY ST AR IDl stable 
member coord, 

71. VECTOR lZ VECTOR lZ 
' 

72, VECTOR2X VECTOR 2X 

I 
associated with Star 

73. VECTOR 2Y VECTOR 2Y ID2 stable member 

74, VECTOR 2Z VECTOR 2Z coordinates. 

75, LR VEL X LR VEL Y } 76. LR VEL Z LR RANGE Raw data 

77. RR SHAFT CIU Actual PIP A X 

78, Actual PIPA Y Actual PIP A Z 

79, RR Trunnion Error Counter RR Shaft Error Counter 

80, LM MASS CSM MASS 

81. !MODES 30 !MODES 33 

82. TIG TIG 

83, Actual Body Rate X Actual Body Rate Y 

j 
Body Axes 

(OMEGAP) (OMEGAQ) 

84, Actual Body Rate Z Garbage 
(OMEGAR) 

85, CDU XD CDUYD } Internal 

86, CDU ZD Garbage CDUs desired 

87, Actual CDU X Actual CDU Y 

88, Actual CDU Z RR TRUNNION CIJU 

89, Moment Offset Q Manent Offset R 

90, POSTORK P NEGTORK P 

91. Channel 11 Channel 12 

92, Channel 13 Channel 14 

93, Channel 30 Channel 31 

94, Channel 32 Channel 33 

95, DSPTAB + 0 DSPTAB + 1 

96. DSPTAB + 2 DSPTAB + 3 

97. DSPTAB + 4 DSPTAB + 5 

98, DSPTAB + 6 DSPTAB + 7 

99, DSPTAB + 8D DSPTAB + 9D 

100, DSPTAB + lOD DSPTAB + llD 

Fig. 3-SB Coast and Align Downlist (Sheet 3 of 3) 
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Word Contents 
Number First Register Second Register Comments 

1. I. D. (77775 8) Sync (773408) 

2. CSM State Vector (R ) 
x 

CSM State Vector (Rx) 

3, CSM State Vector (Ry) CSM State Vector (Ry) 

4, CSM State Vector (Rz) CSM State Vector (R ) 
z 

5, CSM State Vector (V x) CSM State Vector (V x) 

6, CSM State Vector (Vy) CSM State Vector (Vy) 

7, CSM State Vector (V ) CSM State Vector (V ) 
z z 

8. CSM State Vector Time CSM State Vector Time 

9, RR Range (Raw Data) RR Range Rate (Raw Data) 

10. CDU Y (Vehicle) CDU Z (Vehicle) at Marktime 
11. CDU X (Vehicle) Number of Marks 

12. RR TRUNNION CDU RR SHAFT CDU 

13. MARKTIME MARKTIME 

14. TF TF (Time of Flight to 
Conic Target aim 
Vector) 

15, RTARG X RTARG X 
Reference Coor-

16. RTARG Y RTARG Y dinates 

1 7. RTARG Z RTARG Z 

18. P-30 DELVSLV X P-30 DELVSLV X 

19, P-30 DELVSLV Y P-30 DELVSLV Y Local vertical 
coordinates 

20. P-30 DELVSLV Z P-30 DELVSLV Z 

21. CSI Time CSI Time 

22. CSI ~vx CSI ~vx DELVEET 1 

23, CSI ~VY CSI ~VY reference 
coordinates 

24, CSI ~vz CSI ~vz 

25. Spare Spare 

26. TPF Time TPF Time 

27. Delta Beta Delta Beta 

28. Delta Theta Delta Theta 

29, RR Trunnion Error Counter RR Shaft Error Counter 

30. REDO COUNTER Final CDU X (TH"ITAD ) 

31. Final CDU Y (THEI'AD +l) Final CDU Z (THETAD + 2) 

32. * RS BBQ RSBBQ +1 

Fig. 3-SC Rendezvous and Prethrust Downlist (Sheet 1 of 3) 
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Word Contents 
( Number First Register Second Register Comments 

33 . Actual Body Rate X Actual Body Rate Y Body Axes 

(OMEGAP) (OMEGAQ) 

34. Actual Body Rate Z Garbage 
(OMEGAR) 

35. CDU XD CDUYD l Internal 

36. CDU ZD Garbage CDUs Desired 

3 7. Actual CDU X Actual CDU Y ' 

38. Actual CDU Z RR TRUNNION CDU 

39, Flagword 0 Flagword 1 

40, Flagword 2 Flagword 3 

41. Flagword 4 Flagword 5 

42. Flagword 6 Flagword 7 

43, Flagword 8 Flagword 9 

44. Flagword 10 Flagword 11 

45. DSPTAB + 0 DSPTAB + 1 

46. DSPTAB + 2 DSPTAB + 3 

47. DSPTAB + 4 DSPTAB + 5 

48. DSPTAB + 6 DSPTAB + 7 

) 49. DSPTAB + 8D DSPTAB + 9D 

50. DSPTAB + lOD DSPTAB + llD 

51. Time 2 Time 1 

52. LM State Vector (R) LM State Vector (R) 

53. LM State Vector (R ) LM State Vector (R ) 
y . y 

54. LM State Vector (R ) LM State Vector (Rz) Reference Coor -z 
dinates 55. LM State Vector (V ) LM State Vector (V ) x x 

56. LM State Vector (V ) LM State Vector (V ) 
y y 

57. LM State Vector (V z) LM State Vector (V z) 

58, LM State Vector Time LM State Vector Time 

59. Desired Body Rate X Desired Body Rate Y Body Axes 
(OMEGAPD) (OMEGAQD) 

60. Desired Body Rate Z Garbage 
(OMEGARD) 

61. * CADRFLSH CADRFLSH + 1 

62. * CADRFLSH + 2 FAILREG 

63. ~ FAILREG + 1 FAILREG + 2 

Fig. 3-SC Rendezvous and Prethrust Downlist (Sheet 2 of 3) 
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Word Contents 
Number First Register Second Register Comments 

64. RAD MODES DAPBOOLS 

65. POSTORK U NEGTOR.K U 
66. POSTORK V NEGTORK V 

67. Spare Spare 

fiR. CDH Time CDH Time 

69. CDH Delta V x CDH Delta Vx DELVEET 2 
70. CDH Delta V CDH Delta V Reference y y Coordinates 
71. CDH Delta V z CDH Delta V z 
72. TPI Time TPI Time 

73. TPI Delta V TPI Delta V DELVEET 3 x x 
74. TPI Delta V TPI Delta V Reference y y Coordinates 75. TPI Delta V z TPI Delta V z 
76. Elevation Angle Elevation Angle 

77. RR SHAFT CDU Actual PIP A X 

78. Actual PIP A Y Actual PIP A Z 

79. RR Trunnion Error Counter RR Shaft Error Counter 

80. LM Mass CSM Mass 

81. !MODES 30 !MODES 33 

82. TIG TIG 

83. Actual Body Rate X Actual Body Rate Y 

l Body Axes (OMEGAP) (OMEGAQ) 

84 . Actual Body Rate Z Garbage 
(OMEGAR) 

85. CDUXD CDU YD l Internal 

86. CDU ZD Garbage CDUs Desired 

87. Actual CDU X Actual CDU Y 

88. Actual CDU Z RR TRUNNION CDU 

89. Moment Offset Q Moment Offset R 

90. POSTORK P NEGTORK P 

91. Channel 11 Channel 12 

92. Channel 13 Channel 14 

93. Channel 30 Channel 31 

94. Channel 32 Channel 33 

I 95. Spare Spare 

96. Central Angle Central Angle 

97. CDH APSIS Garbage 

98. CDH DELTA Altitude CDH DELTA Altitude 

99. TPF t::i.. V Magnitude TPF AV Magnitude (DELV TPF) 

100. Spare Spare 

Fig. 3-SC Rendezvous and Prethrust Downlist (Sheet 3 of 3) 
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Word Contents 
Number Ji'irst H. 1:o;i.stcr Second Reo;ister Comments 

1. I. D. (777738) Sync (773408) 

2. LR CDU X LR CDU Y 

3. LR CDU Z Garbage 

4. VSELECT Garbage Landing Radar 
Velocity Selector 

5. LR VEL TIME LR VEL TIME 

G. LR VEL LR VEL LR velocity component 

7. L H HANC:E TrME L H HANGE TIME 

8. LR RANGE LR RANGE 

9. RR RANGE (RAW) RR RANGE RATE (RAW) At MARKTIME 

1 o. CDU Y (vehicle) CDU Z (vehicle) CDUs for rrn at 

11. CDU X (vehicle) Number of Marks Marktime when H29 
running or CDUs for 

12. RR Trunnion CDU RR Shaft CDU LR Hange Heading 

13. MARKTIME MARKTIME for H 12 at LR Hange Ti me . 

14. Time of Event Time of Event 

15. Desired Thrust Axis Desired Thrust Axis 
Orientation X Orientation X stable member 

16. Desired Thrust Axis Desired Thrust Axis coordinates 
Orientation Y Orientation Y 

) 1 7. Desired Thrust Axis Desired Thrust Axis 
Orientation Z Orientation Z 

18. VG VEC X VG VEC X I velocity-to-be-

19. VG VEC Y VG VEC Y 
gained in stahle 
member 

20. VG VEC Z VG VEC Z coordinates 

21. TTF/8 TTF/8 

22. DELTA H DELTA H 

23. Landing Site Vector X comp. Landing Site Vector X comp.} moon f;xed 
24. Landing Site Vector Y comp. Landing Site Vector Y comp. coordinates 
25. Landing Site Vector Z comp. Landing Site Vector Z comp. 

I 26. ZDOTD ZDOTD 

27. Delta Beta Delta Beta 

28; Delta Theta Delta Theta 

29. RR Trunnion Error Counter RR Shaft Error Counter 

30. REDO Counter Final Desired CDU X (THETAD) 

31. Final Desirer! CDU Y Final Desired CDU Z (THETAD+2) 
(THETAD+l) 

32. * RS BBQ RSBBQ + 1 

Fig. 3~SD Descent/Ascent Downlist (Sheet 1 of 3) 
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Word Contents 
Number First Re6ister Second Re6ister Comments 

33, Actual Body Rate X Actual Body Rate Y body axes 
(OMEGAP) (OMEGAQ) 

34, Actual Body Rate Z Garbage 
(OMEGAR) 

35, CDUXD CDUYD l Internal 
36 , CDU ZD Garbage CDUs Desired 

37. Actual CDU X Actual CDU Y 

38, Actual CDU Z RR Trunnion CDU 

39 , Flagword 0 Flagword 1 

40 Flagword 2 Flagword 3 

41. Flagword 4 Flagword 5 

42. Flagword 6 Flagword 7 

43 , Flagword 8 Flagword 9 

44 , F lagword 10 Flagword 11 

45 . DSPrAB + 0 DSPrAB + l 

46. DSPrAB + 2 DSPrAB + 3 

47. DSPrAB + 4 DSPrAB + 5 

48 , DSPrAB + 6 DSPrAB + 7 

49 . DSPrAB + 8D DSPI'AB + 9D 

50, DSPI'AB + lOD DSPI'AB + llD 

51. Time 2 Time 1 

52 , LM State Vector (Rx) LM State Vector (R ) 
x 

53, LM State Vector (R ) LM State Vector (R ) 
y y 

54. LM State Vector (Rz) LM State Vector (Rz) 

55, LM State Vector <v ) LM State Vector <v x> Reference Coor-
x dinates 5 6, LM State Vector <v ) LM State Vector (V ) y y 

57. LM State Vector (V z) LM State Vector (V z) 

58, LM State Vector Time LM State Vector Time 

59, Desired Body Rate X Desired Body Rate Y Body Axes 
(OMEGAPD) (OMEGAQD) 

60, Desired Body Rate Z Garbage 
(OMEGARD) 

61. -x- CADRFLSH CADRFLSH + 1 

62 , )I: CADRFLSH + 2 FAILREG 

63, ~ FAILREG + 1 FAILREG + 2 

64, RAD MODES DAPBOOLS 

65. POSTORK U NEGTORK U 

66 . POSTORK V 'tqEGTORK V 

Fi g . 3- SD Descent/Ascent Downlist (Sheet 2 of 3) 
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Word Contents 
r Number First Regi s t er Second Register Comments 

67, LM State Vector (R ) LM State Vector (R ) x x 
68 , LM State Vector (R ) LM State Vector (R ) Guidance 

y y 
69, LM State Vector (R ) z LM State Vector (R ) Coordinates z 
70, LM State Vector (V ) x LM State Vector (V ) x 
71. LM State Ve ctor (V ) LM State Vector (V ) 

y y 
72, LM State Vector (V ) LM State Vector (V ) z z ~ 

73. Position of Landing Site X Position of Landing Site X stable 

74. Position of Landing Site Y Position of Landing Site Y member 

75, Position of Landing Site Z Position of Landing Site Z coordinates 

76 , Computed Vehicle Thrust Computed Vehicle Thrust 
Acceleration Acceleration 

77. T - Land T-Land 

78, Guidance Thrust CMD Garbage 

79. RR Trunnion Error Counter RR Shaft Error Counter 

80 , LM Mas s CSM Mas s 

81. !MODES 30 !MODES 33 

82, TIG TIG 

83, Actual Body Rate X Actual Body Rate Y ! 
(OMEGAP) (OMEGAQ) body axes 

84, Actual Body Rate Z Garbage 
(OMEGAR) 

85, CDU XD CDU YD } Internal 

86, CDU ZD Garbage CDUs Desired 

87. Actual CDU X Actual CDU Y 

88. Actual CDU Z RR Trunnion CDU 

8 9, Moment Offset Q Moment Offset R 

90, POSTORK P NEGTORK P 

91. Channel 11 Channel 12 

92. Channel 13 Channel 14 

93, Channel 30 Channel 31 

94, Channel 32 Channel 33 

95, PIPrIME 1 PIPrIME 1 

96. DELV X DELV X stable 

97, DELV Y DELV Y member 
coordinates 

98, DELV Z DELV Z 

99. CMDS to DECA Garbage 

1 oo. TTOGO TTOGO 

Fig. 3- SD Descent/Ascent Downlist (Sheet 3 of 3) 
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Word 
Number 

l. 

2. 

3. 

4. 

~ . 

6. 

7 . 

8. 

9. 

10 . 

11. 

12. 

13. 

14 . 

1 ~. 

16 . 

17. 

18. 

19 . 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30, 

31. 

32 . ~ 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

Contents 
Firs t Regis ter _Second Reg ister Comments 

I. D. (77772
8

) Sync (773408 ) 

CSM State Vector (Rx) 

CSM State Vector (Ry) 

CSM State Vector (Rz) 

CSM State Vector (Vx) 

CSM State Vector (Vy) 

CSM State Vector (Vz) 

CSM State Vector Time 

RR RANGE (RAW) 

CSM State Vector (Rx) 

CSM State Vector (Ry) 

CSM State Vector (Rz) 

CSM State Vector (Vx) 

CSM State Vector (Vy) 

CSM State Vector (Vz) 

CSM State Vector Time 

RR RANGE RATE (RAW) 

CDU Z (Vehicle) 

Number of Marks 

Coordinates 

at Mark Time 
CDU Y (Vehicle) 

CDU X (Vehicle ) 

RR TRUNNION CDU 

MARKTIME 

TA L IGN 

RR SHAFT CDU 

MARKTIME 

TALIGN 

REFSMMAT (R1 c1) REFSMMAT (R
1 

C
1
) 

REFSMMAT (R1 C 2 ) REFSMMAT (R
1
C 2) 

REFSMMAT (R1 C 3) REFSMMAT (R1c 3) REFSMMAT 

REFSMMAT (R 2 c1) REFSMMAT (R 2 c 1
) 3 x 3 

REFSMMAT (R 2 C 2) REFSMMAT (R 2 C 2) Matrix 

REFSMMAT (R 2 C 3) REFSMMAT (R 2 C 3) R =row, C =Column 

Y NAV Base Vector (lst comp)Y NAV Base Vector (1st comp) 

Y NAV Base Vec tor (2nd comp) Y NAV Base Vector (2nd comp) 

Y NAV Base Vector (3rd comp) Y NAV Base Vector (3rci comp) 

Z NAV Base Vector (1st comp) Z NAV Base Vector (1st comp) 

Z NAV Base Vector (2nd comp) Z NAV Base Vector (2nd comp) 

Z NAV Base Vector(3rdcomp) Z NAV Base Vector(3rdcomp) 

DELTA BETA DELTA BETA 

DELTA THETA DELTA THETA 

RR Trunnion Error Counter RR Shaft Error Counter 

REDO COUNTER Final Desireci CDUX (THET AD) 

with respect 
to lunar -
fixeci 
coordinate 
system 

Final Desired CDU Y (THETAD+l) Final Desired CDU Z (THETAD+2 ) 

RSBBQ RSBBQ +l 

Actual Body Rate X (OMEGAP) Actual body rate Y (OMEGAQ) } 

Actual body rate Z (OMEGAR) GARBAGE body axes 

CDUXD CDUYD } Internal 
CDUZD Garbage CDUs Desired 

Actual CDUX Actual CDUY 

Actual CDUZ 

Flagword 0 

RR TRUNNION C DU 

Flagword 1 

Fig. 3-SE Lunar Surface Align Downlist (Sheet 1 of 3) 
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Word 
Number First Register 

40. Fl · gword 2 

41. 

42. 

43. 

44, 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

Flc.. rword 4 

Flagword 6 

Flagword 8 

Flagword 10 

DSPTAB+O 

DSPTAB+2 

DSPTAB+4 

DSPTAB+6 

DSPTAB+8D 

DSPTAB+lOD 

TIME 2 

LM State Vector (Rx) 

LM State Vector (Ry) 

LM State Vector (Rz) 

LM State Vector (Vx) 

LM State Vector (Vy) 

LM State Vector (Vz) 

Contents 

Second Register 
Flagword 3 

Flagword 5 

Flagword 7 

Flagword 9 

Flagword 11 

DSPTAB+l 

DSPTAB+3 

DSPTAB+5 

DSPTAB+7 

DSPTAB+9D 

DSPTAB+llD 

TIME 1 

LM State Vector (Rx) 

LM State Vector (Ry) 

LM State Vector (Rz) 

LM State Vector (Vx) 

LM State Vector (Vy) 

LM State Vector (Vz) 

Comments 

reference 
coordinates 

58. LM State Vector TIME LM State Vector TIME 

59. Desired body rate X (OMEGAPD) Desired body rate Y (OMEGAQD) 

60. Desired body rate VOMEGARD) Garbage 

61. 1t CADRFLSH CADRFLSH+l 

62. -)(- CADRFLSH +2 FAILRlin 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

?°I FAILREn+ 1 

RADMODES 

OGC 

IGC 

MGC 

STAR ID 1 

VECTOR 1 X 

VECTOR 1 Y 

VECTOR 1 Z 

VECTOR 2 X 

VECTOR 2 Y 

VECTOR 2 Z 

GRAVITY VECTOR X 

GRAVITY VECTOR Y 

GRAVITY VECTOR Z 

K FACTOR 

FAILREn+2 

DAPBOOLS 

OGC 

IGC 

MGC 

STAR ID 2 

VECTOR l X. 

For STAR ID 1 VECTOR lY 

VECTOR 1 Z 

VECTOR 2 X 

VECTOR 2 Y 

VECTOR 2 Z 

GRAVITY VECTOR X 

Stable Member 
Coordinates 

For STAR ID 2 

GRAVITY VECTOR Y 

GRAVITY VECTOR Z 

K FACTOR 

body axes 

Fig. 3-SE Lunar Surface Align Downlist (Sheet 2 of 3) 
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Word 
Number 

79. 

80. 

81. 

82 . 

Contents 

First Register Second Register 

RR Trunnion Error Counter RR Shaft Error Counter 

LM MASS CSM Mass 

!MODES 30 

TIG 

!MODES 33 

TIG 

Comments 

8::!. Actual body rate X (OMEGAP) Actual Body Rate Y (OMEGAQ) 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

9:1. 

04. 

05, 

96. 

97. 

98. 

99 . 

100. 

Actual body rate Z (OMEGAR) GARBAGE 

CDUXD CDUYD } 
CDUZD GARBAGE 

Actual CDUX 

Actual CDUZ 

Moment OFFSET Q 

POSTORK P 

CHANNEL 11 

CHANNEL 13 

CHANNEL:rn 

CHANNEL 32 

PIPTIME 1 

DELVX 

DEL VY 

DELVZ 

SPARE 

SPARE 

Actual CDUY 

RR TRUNNION CDU 

Moment OFFSET R 

NEGTORK P 

CHANNEL 12 

CHANNEL 14 

CHANNEL 31 

CHANNEL 33 

PIPTIME l 

DELVX 

DEL VY 

DELVZ 

SPARE 

SPARE 

Internal 
CDUs Desired 

Stable 
Member 
Coordinates 

Fig. 3-SE Lunar Surface Align Downlist (Sheet 3 of 3) 
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Word Contents 
Number First Register 

1. I. D. (77776
8

) 

2. LM X POS 

3. LM Y POS 

4. 

5: •. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

LM Z POf> 

LM Epoch Time (MSB) 

LM X VEL 

LM YVEL 

LM Z VEL 

LM Epoch Time (LSB) 

CSM X POS 

CSM Y POS 

CSM Z POS 

CSM Epoch Time (MSB) 

CSM X VEL 

CSM Y VEL 

CSM Z VEL 

CSM Epoch Time (LSB) 

COMPNUMB 

UP VERB 

* UPBUFF 

* UPBUFF + 2D 

* UPBUFF + 4D 

* UPBUFF + 6D 

14- UPBUFF + 8D 

!C.. UPBUFF + lOD 

* UPBUFF + 12D 

1t UPBUFF + 14D 

x. UPBUFF + 1 BD 

ll UPBUFF + 18D 

REDO COUNTER 

FINAL CDU Y ( THE'l'AD + 1) 

RS BBQ 

Actual Body Rate X 
(OMEGAP) 

Actual Body Rate Z 
(OMEGAR) 

Second Register 

Sync (77340
8

) 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

Garbage 

UPOLDMOD 

UPCOUNT 

UPBUFF + lD 

UPBUFF + 3D 

UPBUFF + 5D 

UPBUFF + 7D 

UPBUFF + 9D 

UPBUFF + llD 

UPBUFF + 13D 

UPBUFF + 15D 

UPBUFF + 17D 

UPBUFF + 19D 

Comment 

stable 

member 

coordinates 

stable 

member 

coordinates 

stable 

member 

coordinates 

stable 

member 

coordinates 

FINAL CDU X (THE'l'AD) 

FINAL CDU Z (THE'l'AD + 2) 

RSBBQ + 1 

Actual Body Rate Y 
(OMEGAQ) 

Garbage 

body axes 

Fig. 3-SF AGS Initialization Update Downlist (Sheet 1 of 3) 
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Word Contents 
Number First Register Second Register Comments 

35. CDUXD CDUYD l Internal. 

36 . CDUZD Garbage CDUs Desired 

37. Actual CDU X Actual CDU y 

38. Actual CDU Z RR Trunnion CDU 

39, Flagword 0 Flagword 1 

40. Flagword 2 Flagword 3 

41. Flagword 4 Flagword 5 

42. Flagword 6 Flagword 7 

43. Flagword 8 Flagword 9 

44. Flagword 10 Flagword 11 

45. DSPTAB + 0 DSPTAB + 1 

46. DSPTAB + 2 DSPTAB + 3 

47. DSPTAB + 4 DSPTAB + 5 

48. DSPTAB + 6 DSPTAB + 7 

49. DSPTAB + 8D DSPTAB +· 9D 

50. DSPTAB + lOD DSPTAB + llD 

51. TIME 2 TIME 1 

52. LM State Vector (R) LM State Vector (R ~ x 
53. LM State Vector (R ) LM State Vector (Ry) y 
54. LM State Vector (Rz) LM State Vector (Rz) Reference Coor-

55. LM State Vector (V x) LM State Vector (V x) dinates 

56. LM State Vector (V ) LM State Vector (V ) y y 
57, LM State Vector (V ) LM State Vector (V z) z 
58. LM State Vector Time LM State Vector Time 

59. Desired Body Rate X Desired Body Rate Y 

\ 

Body Axes 
(OMEGAPD) (OMEGAQD) 

60. Desired Body Rate Z Garbage 
(OMEGA RD) 

61. * CADRFLSH CADRFLSH + 1 

62. ~ CADRFLSH + 2 FAILREG 

63. * FAILREG + 1 FAILREG + 2 

64. RAD MODES DAPBOOLS 

65. POSTORK U NEGTORK U 

66. POSTORK V NEGTORK V 

67. Spare Spare 

68. Spare Spare 

69. K FACTOR K FACTOR 

70 . ~ UPBUFF UPBUFF + 1 

71. * UPBUFF + 2 UPBUFF + 3 

Fig. 3-SF AGS Initialization Update Downlist (Sheet 2 of 3) 
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Word Contents 
Number First Register Second Register Comments 

72. "' UPBUFF + 4. UPBUFF + 5 

73. ~ UPBUFF + 6. UPBUFF + 7 

74. * UPBUFF + BD UPBUFF + 9D 

75. ~ UPBUFF +!OD UPBUFF + llD 

76. ... UPBUFF + 12D UPBUFF + 13D 

77. ·~ UPBUFF + 14D UPBUFF + 15D 

7S. l<· UPBUFF + 16D UPBUFF + 17D 

79. ~ UPBUFF + lSD UPBUFF + 19D 

so. LM MASS CSM MASS 

Sl. IMODES 30 IMODES 33 

S2. Spare Spare 

S3. Actual Body Rate X Actual Body Rate Y Body Axes 
(OMEGAP) (OMEGAQ) 

S4. Actual Body Rate Z Garbage 
(OMEGAR) 

S5 . CDUXD CDU YD 

} Internal 

S6. CDU ZD Garbage CDUs Desired 

S7. Actual CDU X Actual CDU Y 
) ss. Acutal CDU Z RR Trunnion C:DU 

S9. Moment Offset Q Moment Offset R 

90. POSTORK P NEGTOHK P 

91. Channel 11 Channel 12 

92. Channel 13 Channel 14 

93. Channel 30 Channel 31 

94. Channel 32 Channel 33 

95. DSPTAB + 0 DSPTAB + 1 

96. DSPTAB + 2 DSPTAB + 3 

97. DSPTAB + 4 DSPTAB + 5 

9S. DSPTAB + 6 DSPTAB + 7 

99. DSPTAB +SD DSPTAB + 9D 

100. DSPTAB + lOD DSPTAB + llD 

Fig. 3-SF. AGS Initialization Update Downlist (Sheet 3 of 3) 
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The entry of data may be manual or automatic. During the automatic up

date, the UPLINK ACTY light will be lighted. Manual update is selected by key

ing in V70, V71, V72, or V73 followed by operator keying into Rl by segments 

(XXXXXE) the required data. This is performed with a FL V21 NOl display that 

also displays the calculated machine address in R3. 

3. 5 POWER DISTRIBUTION 

The LM electrical power subsystem supplies two voltages to the PGNCS. 

There are +27. 5 (±5) volts de and 115 (±2. 5) volts, 400 (±10) cps, ac. During 

mission phases in which the PGNCS is in opera.ting modes, the +27. 5 volt has 

minimum instantaneous steady-state of +23. 5 volts. The circuit breaker inter

face of these voltages to the PGNCS subsystems is shown in ' Fig. 3-1 O. The 

LGC negative power return is connected internally to the computer chassis. 

All other de returns are isolated from PGNCS chassis and are grounded by a 

return to the negative de bus. 

During most of the period, while the CSM and LM are docked together, LM 

power is supplied from the service module fuel cell. During this portion of the 

flight, the LGC is turned off and the ISS is in a standby state with only the tem

perature control system being energized {IMU STBY circuit breaker is closed). 

To prepare for LM/ CSM separation, power is switched to the LM , 

the remaining PGNCS circuit breakers are then closed. 

Microsyn excitation {3200 cps power supply) is operated from either the 

IMU OPR or LGC DSKY circuit breakers. This means the microsyn suspension 

system is operated continuously {except for LGC power turn off) after separation. 

Operating the mic,rosyn excitation also from the IMU OPR circuit breaker insures 
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3- 55 

ISS, ~R,COU 

Cl-IAtntEI.~, AND 
SC PS 

--
IS S 

'!2.00,.., ,7. 
POWe.ll SU .. P'I. '( 

c.~s 

oss 

1. llS 



stable IMU operation at any time the IMU is in operation. To prevent the accel

erometers and gyros from being torqued until the suspension systems have cen

tered the floats radially, the pulse torque power supply is inhibited both by the 

00- second delay relay (15ee paragraph 2. 1. 2. 1) and the LGC power on relay. 

This has the advantage of the time delay and not operating the accelerometers 

except when the LGC is turned on. 

Table 3-6 lists the power required by the PGNCS subsystems at 28 volts de. 
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Equipment/State Max Power Average Power Min Power 

!MU/Standby 80 60 40 

IMU /Operate 380 300 200 

LGC/Standby 12 10 8 

LGC/Operate 130 110 90 

AOT 5 5 5 

AOT (a-c power 9.2 - -
at 115 v ac) 

Total 616.2 485 343 

Table 3-6. PGNCS power consumption. 

) 
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3. 6 Computer Input/ Output Channel Interface 

The LGC interfaces with the outside world in three basic ways: 

1. Program Interrupts 

2. Counter Interrupts 

3. Input/ Output Channels 

The Program Interrupts inform the LGC that certain conditions exist which 

demand the interruption of its present course of action according to a pre

determined order of priorities. The Counter Interrupts inform the LGC that 

one of many variables it has stored in its erasable memory requires an in

cremental change. These counter interrupts do not cause an interrupt in 

the program being processed but they do cause a 12 µsec suspension of the 

program during which time the counter interrupt is processed. 

The input/ output channels of the LGC make available to the various pro

grams information about conditions which exist in the spacecraft environment 

and also provide the LGC with a means of communicating with other subsys

tems in the spacecraft environment. There are seven output channels (Nos. 

5, 6, 10, 11, 12, 13, and 14) and six input channels (Nos. 15, 16, 30, 31, 

32, and 33) in the LGC. Each of these channels contains up to 15 bits of in

formation. These bits of information are referred to as discretes. This 

section contains a description of the input and output channels and a series 

of interface drawings showing the path each of these discretes takes to its 

destination or from its source, depending on the case. Also included in these 

drawings are all circuit breakers and switches which play a part in the com

pletion of an action called for by the issuance of a discrete, or the deliver

ence of a discrete to the LGC. 

Computer channel 34 and 35 are associated with the telemetry data and 

were discussed earlier in this section. 
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) 

3. 6. 1 Channel 5 and Channel 6 

These two output channels have eight bit positions each, and are associated 

with the reaction control system (RCS) jets. These channel outputs are used 

to control the translational and rotational motion of the LM. A logic one in 

any of the bit positions will cause the appropriate reaction control system 

jet to be fired (see Fig. 3-11 ). 

3. 6. 2 Channel 10 

This output channel utilizes all 15 bit positions. By varying the discretes 

in the 15 bit positions of channel 10, the LGC has the capability of turning 

on six condition indicators on the DSKY and also turning on a combination I 
of electro-luminescent lamps in each of the 21 display indicator positions 

to form any decimal digit. The three sign indicator positions associated with 

the three registers are also controlled by a combination of bits in this channel 

(see Fig. 3-12). 

3. 6. 3 Channel 11 

This output channel is used primarily to provide the LGC with additional 

interface with the display and keyboard. Bit location 1 is routed to a relay 

in the DSKY but provides an indication of an ISS warning condition to the CWEA. 

(See Fig. 3- 13). Bit positions 2 through 7 and 10 are routed to the DSKY re-

lays and provide the remainder of the inputs to the DSKY conditions indicators 

as well as providing for · the flashing of the verb nouns (see Fig. 3-14). Bit 

positions 13 and 14 of channel 11 provide the interface necessary for control 

of the descent and ascent engines (see Fig. 3-15 ). 

3. 6. 4 Channel 12 

Output cha~el 12 interfaces primarily with the other portions of the 

Guidance Navigation and Control System. Bits 1, 2, 4, 5 and 6 of channel 12 
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interface with the CDU and are utilized by the LGC in controlling the ISS and 

the R.R. operation (see Fig. 3-16). Bit 8 of channel 12 also interfaces with 

the CDU and is used by the LGC to enable the display of information to the 

astronaut (see Fig. 3-1 7). Bit positions 9, 10, 11 and 12 of channel 12 pro-

vide the computer with an interface for controlling the pitch and roll gimbal 

trim of the descent engine (see Fig. 3-18). Bit position 13 of channel 12 en-

ables the computer to change the position of the landing radar antenna (see 

Fig. 3-19). Bit position 14 of channel 12 enables the RR to enter the auto 

track mode of operation (see Fig. 3-20). Bit 15 of channel 12 controls the 

duration of the time delay of the turn on sequence of the IMU (see Fig. 3-21 ). 

3. 6. 5 Channel 13 

All 15 bit positions of this output channel are utilized by the LGC for 

interfacing with the rendezvous and landing radar systems and for internal 

control of the LGC. Using bit positions 1 through 4, the LGC selects the source 

) of the radar data required and controls the readout of this data from the radar 

electronics assemblies (see Fig. 3-22). Bit positions 5, 6, 7, 8 and 9 of 

this channel are used by the LGC to control the processing of data in the inter-

face circuits located in the LGC. Bits 5, 6 and 7 are associated with up-

link and downlink and bits 8 and 9 are associated with rotational hand controller 

input control. Bit positions 10 through 15 of this channel are also used for 

controlling interface circuits internal to the LGC. Bit 10 generates a signal 

which inhibits RESTRT in the ALARM circuit. This allows various caution 

indicators on the DSKY to be tested. A one in bit position 11 enables the stand-

by circuits. Bit positions 12, 13, 14 reset the interface circuits which con

trol the rotation, translation and thruster fail program interrupts. Bit posi

tion 15 of channel 13 is used by the LGC for the generation of a signal, 

T6RUPT, which enables the decrementing of the TIMES counter for reaction 

control program termination. There are no interface drawings for bits 5 to 

15 of channel 13 since they are used internally in the LGC. 
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3. 6. 6 Channel 14 

Channel 14 controls various areas of the LGC for the transfer of data from 

counters in memory to various PGNS and spacecraft systems. Bit position 

1 enables the crosslink control logic which provides a serial data word to the 

crosslink equipment. Bit positions 2 and 3 of this channel control the inter

face logic in the LGC which provides the altitude and altitude rate informa-

tion to the altitude/ range indicator (see Fig. 3-23 ). Bit position 4 is utilized 

by the LGC to enable the gating logic within the LGC associated with throttle 

control of the descent engine (see Fig. 3-24 ). Bit positions 6 through 10 are 

used by the LGC to control the torquing of the gyros during fine alignment 

of the IMU. Bit positions 11 and 12 control the interface circuits in the LGC 

used to drive the RR antenna in shaft and trunnion. Bit positions 13, 14 and 

15 control the interface circuits used to drive the IMU gimbals during 

coarse align. 

3. 6. 7 Channel 15 

This input channel is the interface between the LGC and the DSKY key 

codes. Whenever any key on the DSKY, except the PRO KEY, is depressed 

a five bit key code is sent to the LGC via channel 15, bits 1 through 5. These 

5 bit positions are the only ones used in this channel. 

3. 6.8 Channel 16 

There a.re 5 bit positions utilized in this input channel. Bit positions 3, 

4 and 5 are the input interface between the Mark X, Mark Y and Mark Reject 

buttons on the CCRD and the LGC (see Fig. 3-25 ). Bit positions 6 and 7 

are the inputs from the plus and minus rate of descent switch (see Fig. 3-26 ). 
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3. 6. 9 Channel 30 

This input channel provides the LGC with information pertaining to the 

status of the inertial subsystem, the status of certain display and control panel 

switches and the status of the RR portions of the CDU. Bit 1 is an indication 

to the LGC of the status of the ABORT pushbutton (see Fig. 3-27). Bit 2 pro

vides the LGC with an indication of the status of the descent stage separation 

pyrotechnics (see Fig. 3-28). Bit 3 is an indication to the LGC of the status 

of the engine arm switch (see Fig. 3-29). Bit 4 is an indication to the LGC 

of the status of the ABORT STAGE pushbutton (see Fig. 3-30 ). Bit 5 is an 

indication to the LGC of the status of the Thrust Control switch (see Fig. 3-31 ). 

Bit 6 informs the LGC of the status of the Mode Select Switch (see Fig. 3-32 ). 

Bit 7 is an indication to the LGC of the status of the RR portions of the CDU 

(see Fig. 3-33). Bit 8 is a spare. Bit 9 is the means by which the LGC is 

informed that the IMU has been turned on (see Fig. 3-34 ). Bit 10 informs 

the LGC that the Guidance Control Switch has been placed in the PGNS posi 

tion (see Fig. 3-35). Bit 11 is the means by which the LGC is informed that 

the IMU CAGE switch has been placed to the on position (see Fig. 3-36 ). Bit 

positions 12 and 13 are inputs to the LGC from the IMU and CDU fail detect 

circuitry (see Figs. 3-37 and 3-38). Bit 14 of this channel is the input to the 

LGC that requests a 90 second delay during IMU turn on (see Fig. 3-39). 

Bit 15 of channel 30 is the input to the LGC from the IMU temperature monitor

ing circuit (see Fig. 3-40). 

3. 6. 10 Channel 31 

This channel provides the LGC with translation and rotation information. 

Bit positions 1 through 6 are inputs for minimum impulse commands in pitch, 

3-78 



w 
I 
-J 
co 

(_ 

r·=--- = - o-·= .:. = -· ._ ... _. ·-· .,.. :-= = ,,, = ,,, ·1· 0000 00000000 00000 

[!6 6 6 6°M6fi& O 0 0 "0; 0 f00'6'()"fj 

!'i6(f6 ___ cil"amTmaaY, 

® 

._._., 

PANEL I 
ABORT .... , -, -- -., 

~ 
~ 

• 
-- -- ~ ~ 

~~-1~-I (i ~ --~j 
Iii• 
©~~.. lml ·". ~- "f T . . . , --

--- . :· . . I: -~ -a- : = ... - -~-If--:---

-~··~~~--;i •t-:i~ 

~
=-=--~ @ ==--=~--~ it ~ -· . - . 

--:"- ·- ;i &: 
-~ - 9 -· 

LGC 

J 

I : I 

~-+---~_..,.,___--'----+--+-I -n°+:-J : I I w , , I 
I 1 I 

TO CH 30 
.--- BIT! 

L ____ _J 

ABORT CH 30 BIT I · I 

·28V DC ABORT CH 3C BIT I • 0 

Fig. 3-27. Channel 30 Bit 1 Abort. 



~ 
I 

CXI 
0 

r ·=- ..... " - 0- = .:. " -· ·-· .. -· •: .,.. r= = ': = " ·1 • 0000 00000000 00000 

( - T T T -C~-=~ - __ ";_,:. "':: .=": ~ -'S?":,_W:--"I 
1--0-0-0 o --o-o oo o o o o o o o o o o o I 

~'if=. = " - a.''%:'•: -= ---T-= "1:"' c'~ ca?'I 
~ o m----v-o o o o o o o o o o o o I 

•28V DC 

•28V DC 

@ 

ASC STAGE 
0!~ STAGE -----

INTERSTAGE 
UllBI L IC Al 

CUTTER 

STABILIZATION & 
CONTRDL 

ASSY NO. Z 

Fig. 3-28. Channel 30 Bit 2 Stage Verify. 

TO 
GSE 

LGC 

TD 
CH Jl 
BITZ 

~ CHJlBITZ·D 

STAGED CH Jl BITZ • I 



~ 
I 

ex> 

"""° 

(_ 

r 0 0 0 0 ; 0 0 0 0 "o" 0--0 0 er& 0 0 0 0 'j • 

t & 6 6 6 6""6TI o o owo & o o'i'cf"61 

f'im--~'oflOT606"tfo oj 

® 

-..../ 
) 

• 
I ~--11~=-1~~ --~ 

-~~ D 
f4n110 6'0'0&063636 &ho; 

0\!.[lj 
-cj· -~ Ci--Ci JE),~ 

Ill ~'i~~ ~ 6 6 6 6 6 olf oolfOo 

I J ·~· i t1!-~t:~ ..-I __ ___../~I - ~-: .:_ 9 ~ &: 
--~ ~ 9 ~ -· 

~~ 
•28V DC 

PANEL 11 LGC 

LGC ' DSKY 

(EiiG ARll-0 - -, I I 

I ASC I 
~FFI 
I Dr--4 L ____ _J 

STABILIZATION & 
CONTROL AS.WNO. 2 

p I I ..... ·28VDC I I oJ... 

.zav DC 

.--------------- - -
LGC 

TO 
CH 30 
BIT 3 

ENG ARMED CH 30 BIT 3 • I 

ENG ARMED CH 30 BIT 3 • 0 

Fig. 3-29. Channel 30 Bit 3 Engine Armed. 



c...:> 
I 

CD 
l\:> 

• 

®-{ ·11 '6118 o 5--0{&- .. __ 0 6 '5 () 1S 8 6 ~ ~-~ ·1 

Fig. 3-30. Channel 30 Bit 4 Abort Stage. 

':' 

TO 
CH J> 
BIH 

llBORT STAGE CH J) BIT 4 • I 

llllORT STAGE CH J) BIT 4 • 0 



tA) 
I 

co 
tA) 

l 

PAllEL 11 

•2IV DC 

'---" 

r·=--- = - ; = .. = -· ._ ... _. ·: .... r= = -= = -= .,. 0000 00000000 00000 

16 6 6 a nTI·o a a-so 6 o o'i'O"i'1 

;&oo o ~68060 s t'.j - -tfimT=-=-===----_, 

@ 

PANEL I 

•2IV DC 

J 

• 
1 ----- --1~~ ~ 

II ~S? llllll•Tili 
~ 

©~8 ·-

~-··! 8 -,- -:: _:-·_ 'e"T£~ .. e c c ll-~~ 

~i~1!.-~~-e;~ irk·- c a - .\.D)-
!'/~ i j 9 t= 

LGC 

THR CONT I 
r----.. I I 'W' ' ' I AUTO I I 
I o I 

~llAN I L ____ ...1 

TO 
~ .. CHJI 

BIT 5 

- AUTO THROTTLE CH JI BIT 5 • I 
AUTO THROTTLE CH JI BIT 5 • 0 

Fig. 3- 31. Channel 30 Bit 5 Auto Throttle. 



(,\) 
I 

CD 
~ 

r·=- -= ;·= .:. = -· ·- ·---·-· .,.. -:--= = -= = - ·1· 0000 00000000000000 

@ 

PANEL 2 

PANEL 11 

•2IY DC 

PAllEL I 

llODE SELECT 

:x:R I I r--L~ 
0 I 0 0 I O"'""O PGllS I 

I I 
I A~ L _ _ __ ...J •2IY DC 

• 

ml;~ 
©~,.. i ~ 

""i- : ...::._ 
- ~r==!l.." 

-4lt~ a ~~ 
~ =- t_~ .. ~ 

·- ;.:. Ci Ci ==- \t.Yi ••• &-· - ·- .. ---· 
.------------------- - - -

LGC 

TO 
~---CHJl 

BIH 

DISPLAY lllERTIAL DATA CH JI BIT 6 • I 

DISPLAY lllERTIAI. DATA CH JI BIT 6 • 0 

Fig. 3-32. Channel 30 Bit 6 Display Inertial Data. 



tA) 
I 

00 
U'I 

c -

r ·=- -- = - 0"= ,. = -· -- .. -·--- ·.: -.:--= = : = : ·1 • 0000 00000000000000 

[!6 6 6 66&6 o a o -6 o a o c>'i'cr& l 

ff!! o ~&mTITaao -c;l 

PANEL 11 

lllU 
OPR 

..i... 

cou 

@ 

COS( , ·.) 
-14V DC 

a I o o-~--11--~~ ... ~----+-------------

.za voe 

·Z8V DC 

· Z8V DC 

· Z8V DC 

READ CTR 
UP LINE 

COARSE ' Z 5V (30•) 
ERROR -

FINE ' IV ID)•) 
ERROR __ _ 

Fig. 3-33. Channel 30 Bit 7 RR CDU Fail. 

) 

..-------------- - - - -
LGC 

TO 
"') o CH 30 

RR COU FAIL CH 30 BIT 7 • 0 

RR COU FAIL CH 30 BIT 7 • 1 

BIT 7 



o~~ 
1-0::-

'-' <D ~ ~ ,.... ,.... 
(ii al 
!i;i !i;i 
0:: 0:: 
'-' '-' 

~r 0- 0-
0 0 
::> ::> 
~ ~ 

11 

. 
p;:; 

'-' 
p.. 

"' 0 --' 

::::> 
~ ....... 

OJ 

+> ..... 
p::i 

0 
(VJ 

"'""'" Q) 
s:: 
@ 
..c 
u 
. 

tj< 
(VJ 

I 
(VJ 

biJ ..... 
~ 

::>~ -{ 

::: i~ --' .... 
~ 
0-

3-86 



CA) 

I 
CX> 
~ 

l 

r 0 0 0 ;= i 0 0 0 0 ~f 0 0 0 Cf& 0 0 a 0 ·1 • 

[6 & I I g""ffi o a aw o 6 i ii'i'O"i'1 • 

·ZIV DC 

PAllEL 15 
ATCA 

~~.__ ........ _ __J 

·ZIV DC 

GUIO COllT r -----, 
I PGllS I 

0 
AGS 

PGNS I 
I 

I 
L __ A~_.J 

--

STABILIZATION & 
CONTROL Am 110. 2 

Fig. 3-35. Channel 30 Bit 10 PGNS Control. 

\ 

•-- - ~ liiiiiiiil ---=--=---,. ~ I!!!!!!!!!!!!!! •. 

• 

' ' t -

©~~.,: ¥-
T ·'I!· =..-== ~-a --:-~ 
- --=· --- -~a Le~ 

LGC 

tt' g -~-~ ~ :.~~ ~9-' i -:--5 ==,.. 
J-~~ i t !-· 

TO 
~CHJ! 

BIT 10 

PGNS CONTROL CH Jl BIT 10 • 0 

PGNS CONTROL CH Jl BIT 10 • I 



"' I 
CXl 
CXl 

r ·=- = = c,-·= .:. = -·-·-·" -·-·-· . .,,. -:-=. = = = = 'l .. 0000 00000000000000 

u66 6 6 o o o o;o 6 o o"o'o.fj 

1-wrn~~,c;m .. rm·~rs "01 

PANEL 11 PANEL I 

•28V DC 

@ 

IMU 
CAGE r -----

1 I /1 
I I I 
I I ooN : 

:~ 
I I 
L _____ _J 

~ 
§lr-~~7"1 e· o . 

_ 0- '")j 

CV 

"ii ~=-~ 
~-·-<--~ 

~- ~- ~-
I s:··:::;." &-~ ·~ 
i ~-~ - - .___ -~ 

:l·E-: ~•li ~_:,":.Jij'ti 

~= a-:. ~"i 1:r~"8 • • -§~:_ -~ - - - r ~- - - -~- ··~· 

LGC 
---

TO 
~ .. CH JI 

BIT 11 

lllU CAGE CH JI BIT II • 0 

iMii'CAGE CH JI BIT 11 • I 

Fig. 3-36. Channel 30 Bit 11 IMU Cage. 



l 
----- -==~-·· ---==--

'----' 

r ·=- -- = - ; .. = .:. = -·---... -·-·-· ...,. -:--= = = = = ·1 • 0000 00000000000000 

[T6-66 cr6Tiooo~oifOOO:o"fl 

f!ffi-~'O'ITO·rma·a . oj 

® 

- ~~-- - -

LGC 

_) 

----

TO 
'> oCH30 

BIT 12 

IMU CDU FAIL CH 30 BIT 12 • 0 

IMU CDU FAIL CH 30 BIT 12 • l 

Fig. 3-37. Channel 30 Bit 12 IMU CDU Fail. 



w 
I 

CD 
0 

~· .,,. - = O' = ~ ,. _,--:- -·-·- -.: -:-: = ': = ,,. ·111 
0000 0000~000000000 

[6 6 6 6 66TI o o o o' o 6000'0".&j 

r~6Cfb-~'crm·~666~ra o-.,
1 

@ 

PSA 

•28V DC 

3200 CPS LOSS >50\ 

PANEL II 

MAGNETIC 
SUSPENSION 

POIER 
800 CPS PHB LOSS 

>50\ 

•ZIV DC 

GYRO IHEEL 
POIER 

NNER GlllBAL SERVO ERROR 

lllDDLE GlllBAL SERVO ERROf! 

Fig. 3-38. Channel 30 Bit 13 IMU Fail. 

LGC 

TO 
') .,, CH J) 

BIT 13 

lllU F~IL CH 30 BIT 13 • 0 

1iii'F'm. CH 30 BIT 13 • I 



"" I 
co ..... 

l 

PANEL II 

lllU 
OPR 

__, 

r·=--- = ;·.::: ,. = -·-·-· • .. -·_ ...,, --·-= .::: -= = - ·1· 0000 00000000000000 

[T6 6 6 66TI o 6 a -o o a o <i'i'o.61 

t'irn-08'Ci'TIO·rma·o o1 

@ 

LGC 

....i... I 01 0 

•28V DC 
THIS INPUT SUPPLIED' BY 
lllU TURN ON DELAY 
REQUEST COMPLETE 
DISCRETE ISSUED 90 SEC 
AFTER REOUEST 

0 

Fig. 3-39. Channel 30 Bit 14 ISS Turn On Delay Request. 

"\ 

TO 
CH 30 
BIT 14 

ISS TURN ON DELAY REQUEST CH 30 BIT 14 • 0 

ISS TURN ON DELAY REQUEST CH 30 BIT 14 • I 



CA) 

' co 
N 

r·:-== - '!..··=.:. = ---·-·' -·-·-· .,.,.-g-= =.,,. = .,,.·1• 0000 000000000 00000 

f 6 6 6 ~ 6 .. 6TI o a 8 w0"6 o o"!'ij"6'1 

f 'if=e 6 ·- o a·n a o i mn T1 

•2IY DC 

, ---, 
I TEMP (o) I 
I ALARM 

LO 
I U5.J• 

- I 

r TEiP IL• --, 
I lllDULE Am I 
I _ I 

L _ _ _J' •. 
I 
I 
I , --- -, 

,-..... 
I TEllP 

AlAllll 

I 1:.3. 
I 
L _ 

I 

I 
_ _j 

Lf ___ J 

..---------------------LGC 

TO 
>----Cltll 

lllT 15 

_, TEllP Ill u•TS CH 3Q BIT 15 • 0 

lllU TEm' Ill LllllTS CH Jl BIT 15 • I 

-- -- --

Fig. 3-40. Channel 30 Bit 15 Temperature In Limits. 



) 

roll al\d yaw or landing point designator inputs in elevation and azimuth (see 

Fig. 3-41 °). Bit positions 7 through 12 are inputs to the LGC from the 

thrust/ translation control assembly, for X, Y, and Z axis translation (see 

Fig. 3-42). The last three bits in this channel, bits 13, 14 and 15, provide 

the LGC with the status of the Attitude Mode Control Switch and the Out of 

Detent Switch on the Attitude Controller Assembly (see Fig. 3-43 ). 

3. 6. 11 Channel 32 

The first eight bits of this channel, bits 1 through 8, are switch-actuated 

inputs informing the computer that a specific pair of the RCS thrusters have 

failed (see Fig. 3-44 ). Bit 9 is an indication to the LGC of the status of 

gimbal drive actuators on the descent engine (see Fig. 3-45 ). Bit 10 pro

vides the LGC with an indication of an apparent gimbal failure in the position

ing of the descent engine trim (see Fig. 3-46 ). Bit positions 11, 12 and 13 

are spares and bit position 14 is an indication to the LGC that the PRO button 

on the DSKY has been depressed (see Fig. 3-47). 

3. 6.12 · Channel 33 

Bit location 1 of this channel is a spare. Bit positions 2, 3 and 4 provide 

the LGC with the status of the RR. Bit 2 informs the LGC that the RR is on 

and in the LGC mode. Bit 3 informs the LGC of the scale of the information 

coming from the RR, and bit 4 informs the LGC when the RR data is good 

(see Fig. 3-48 ). Bit positions 5, 6, 7, 8 and 9 provide the LGC with the status 

of the LR. Bit position 5 informs the LGC that the range data from the LR 

is good. Bit positions 6 and 7 indicate to the LGC the position that the landing 

radar antenna is in. Bit position 8 informs the LGC that the velocity data 

is good, and bit 9 informs the LGC of the scale of the range data (see Fig. 

3-49·). The remaining bit locations of channel 33 are associated with circuits 

internal to the LGC. 
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SECTION 4 

PERFORMANCE AND DESIGN DAT A 

4. 1 IMU 

4. 1. 1 Operational Data 

Gyroscopes: Three 25-IRIG 

Drift Rate: 2 meru max (0. 03 sec / sec ) 

Accelerometers: Three 16 - PIP 

Rotation: 72 0 degrees / sec about the outer gimbal axis 
60 degrees / sec about any arbitrary axis in 
passing up to 10 degrees of gimbal lock. 

CDU Error: Maximum range +49. 6 arc sec to - 63. 4 arc sec 
Mean = -6. 9 arc sec, Standard deviation = ±24. 5 arc sec 

4. 1, 2 Limitations and Restrictions 

Gimbal lock is obtained when the middle gimbal has moved to a position 

such as to make the outer and inner gimbal axes nearly colinear and thereby 

producing stabilization loops that are unstable. When this condition is 

attained, the IMU stable member must be realigned. To avoid gimbal lock, 

the inner gimbal axis is normally positioned to the plane of any planned tra -

jectory or attitude turning maneuver prior to thrusting. To assist in gimbal 

lock avoidance, the GIMBAL LOCK indicator is actuated whenever the middle 

gimbal angle exceeds 70°. In addition the ISS is downmoded t0 c<'lar.,e ~ilign 

and the NO ATT and ISS indicators are actuated when the gimbal angle 

ttXceeds 85 °. 
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Another IMU limitation is platform drift. Due to random errors and 

inaccurately corrected systematic bias, over a period of time the stabilized 

platform will have drifted out of alignment enough to cause serious degradation 

in inertial measurement accuracy. Therefore, the IMU alignment must be 

periodically checked and realigned to insure measurement accuracy during 

pending maneuvers. 

Temperature restrictions also exist for the IMU. The system components 

have been designed to operate at specific temperatures which are maintained 

in stand by or operating states as long as prime power is applied. Tempera

ture changes due to power loss or for any other reason may change gyro and 

accelerometer characteristics. Changes in gyro characteristics due to small 

variations in temperature are temporary and revert when the temperature is 

returned to normal. Larger changes in temperature, however, may cause 

permanent changes in gyro characteristics. During those mission phases in 

which only the IMU standby state exists possible power interruptions may occur 

for periods up to three minutes without system degradation. At such times that 

power is lost or the TEMP indicator is activated, the MSFN should be con

tacted to verify system performance. 

4. 2 LGC 

4. 2. 1 Operational Data 

Computer Type: Automatic, electronic, digital, general purpose and control 

Memory: Random access 

Erasable: Coincident current core; capacity = 2048 words 

Fixed: Core-rope; capacity = 36,864 words 
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Word length: 16 bits (or 15 bits plus parity) 

Number System: Binary ones complement 

Circuitry Type: Flat pack NOR micrologic 

Logic: Positive 

Machine Instructions: 56 Total 

Regular: 42 

Involuntary: 9 

Peripheral: 5 

Memory Cycle Time: 12 µ seconds 

Add Time: 24µ seconds 

Double Precision Add: 36µ seconds 

Multiply Time: 48µ seconds 

Double Precision Multiply: 480µ seconds 

Divide Time: 84µ seconds 

Number of Counters: 29 

Basic Clock Oscillator: 2. 048 me 

4. 3 DSKY 

4. 3. 1 Operational Data 

The DSKY utilizes white illuminated markings with incandescent light 

sources. The numeric readouts are green via 24 electroluminescent sections. 

The advisory indicators (including UPLINK ACTY, STBY, NO ATT, KEY REL, 

and OPR ERR) are used to inform the crew numbers of equipment or system status, 

and of the operation of essential equipment or is used to attract attention and im

part information of a routine nature. The component caution indicators (including 
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I TEMP, GIMBAL LOCK, PROG, RESTART, TRACKER, ALT and VEL) ARE 

used to inform crew members of an impending dangerous 

condition requiring attention but not necessarily immediate 

corrective action. 

LIGHTED COLOR: 

Component caution annunciators - Aviation yellow 

Advisory annunciators - Aviation white 

Numerical lights - Aviation green 

BRIGHTNESS: 

Pushbuttons - 0. 5 {±0. 2) ft Lamberts 

Annunciators - 15 ,{±3. 0) ft Lamberts 

PUSHBUTTON FORCE REQUIREMENT TO ACTUATE: 

21 to 26 ounces 

4. 4 AOT 

4. 4. 1 Operational Data 

Power: Unity 

Field of View: 60 Degrees, conical 

Maneuverability: Fixed in Elevation; Adjustable to three detent positions 
in Azimuth. Each detent position maintains the field
of-view approximately 45 degrees from the LM X-axis. 
The 0 detent position centers the field-of-view approxi-

. mately 45 degrees from the X-axis in the LM X, Z plane. 
The other two detent positions offset the center of the 
field-of-view approximately 60 degrees in each direction 
from the X, Z plane. 

4. 4. 2 Limitations and Restrictions 

When a navigation star is not visible within the present ACJ'f viewing posi

tions, the LM attitude must be changed to acquire a navigation star. In addition, 

4-4 
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a second star must be selected which is separated from 60° to 120° from the 

first selected star. 

A star selection routine within the LGC selects the best pair of stars for 

fine alignment of the IMU taking into consideration the amount of propellant 

required for attitude maneuvers. However, this routine does not fully consider 

the possibility of the star being occulted by the Earth, Moon, or Sun. Hence, 

the astronaut must use his own judgment and should check for light flowing from 

the eyepiece before looking into it. 

4. 5 RENDEZVOUS RADAR 

4. 5. 1 Operational Data 

Radiation Frequency: 9832. 8 me 

Receiver Frequency (from Transponder): 9792 me 

Radiation Power: 240 milliwatts nominal 

Receive Signal Level: -18 dbm to -122 dbm 

Beam Width (Transmit and sum receive): 3. 25 ° to 4. 0° 

Antenna Gain (Transmit and sum receive): 32 db(nominal) 

Angular Coverage: 

Mode 1: ± 55 ° Trunnion Angle 
+ 59 to -70 Shaft Angle 

Mode 2: +125° to +.23a
0 Trunnion Angle 

+41° to +155° Shaft Angle 

Antenna Sidelobe level: -15 db adjacent to main lobe 

Receive Noise Figure: 10 db max 

Range: 80 feet to 400 miles 

Range Rate: ± 1 fps to ± 4900 fps 

4-5 



I 

Random Tracking Parameters (3cr) 

1. ~o~tal Tracking Angle Uncertainty 

5mr 

{mr) 
3
.: J 

0 5 200 400 
RANGE IN NAUTICAL MILES 

2. Range Accuracy: lo/o or 80 ft 

3. Range Rate Accuracy: 1. 3% or 1. 3 fps 

Maximum Tracking Biases 

1. Tracking Angle (Constant Bias): 15 mr 

2. Range Bias: 80 feet for ranges< 50.584 nm 
500 feet for ranges >so. 584 nm 

3. Range-Rate Bias: 1 fps 

4. 5. 2 Limitations and Restrictions 

During free-fall tracking, due to uncertainty in the type of rendezvous radar 

(RR) angle bias that will be present, a vehicle attitude restriction must be im

posed for effective RR bias compensation. This attitude restriction involves 

controlling the LM +Z-axis to be within 30° of the tracking line of sight. Thus, 

the first LGC computation for tracking is determination of the line of sight 

(LOS) to the CSM. This is accomplished by taking the vector difference of the 

LM and CSM position vectors propagated to that time. If the range between the 

LM and CSM is greater than 400 nm, an alarm is issued since the RR is unable 

to provide correct range information to the LGC because of the ranging tech

nique used in the radar. After successfully completing the range check, the 

LM Preferred Tracking Attitude Routine is used to align the LM +Z-axis with 

the LOS. At this point, if the astronaut should decide to manually change the 
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attitude such as to roll about the Z-axis, it is essential that he recall the 

Preferred Tracking Attitude Routine (R6 1) to insure that the Z-axis is align

ed with the LOS before proceeding. This is done to insure a sufficient 

period of data taking for estimation of the RR angle biases before the 

angle between the RR antenna and the LM + Z-axis reaches 30 degrees. During 

the RR data taking process, the LM is controlled to hold an approximate 

inertially fixed attitude by use of the 5° limit cycle. The LGC Data Read 

Routine is used to detect when the RR antenna is more than 30 degrees from 

the +Z-axis and causes the +Z-axis to be realigned with the LOS using the 

Preferred Tracking Attit_ude Routine. 

Another limitation of the RR is the possibility of acquisition of the CSM 

with a side lobe producing erroneous data. Hence, when acquisition is first 

obtained, a check should be made for sidelobe acquisition. 

4.6 LANDING RADAR 

4.6.1 Operational Data 

Type of System 

Velocity Sensor 

Rada:r Altimeter 

Weight 

Specified Weight 

Size (L X W X H) 

Antenna Assembly 

Electronic Assembly 

Power Consumption 

CW, 3-beam 

FM/CW 

39 lbs. 

20.011 x 24.6" x 6.5 11 

15.7511 x 6.75" x 7.38" 

132 watts DC max., plus 15 watts for 
Ant. Ped. Act. - Ant. HTR require 34 
watts nom. 
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Altimeter Antenna 

Type 

Gain 

Beamwidth (Two-way) 

Velocity Sensor Antenna 

Type 

Gain (Two-way) 

Beamwidth (Two-way) 

Transmitters 

Type 

Frequency 

Velocity Sensor 

Radar Altimeter 

Output Power 

Velocity Sensor 

Altimeter 

Altimeter Modulation 

Modulation Frequency 

Deviations 

Outputs 

Serial Binary to Computer 

Planar array, space duplexed 

50.4 db 

3.9 degrees E plane Fore-Aft 
7 .5 degrees H plane Port-Stbd 

Planar array, space duplexed 

49.2 db 

3. 7 degrees E plane 
7 .3 degrees H plane 

Solid State 

10.51 gc 

9.58 gc 

200 mw min. SSX output 

17 5 mw min. SSX output 

Sawooth FM 

130 cps 

± 4 me (Lo) Alt > 2500 ft. 
±20 me (Hi) Alt < 2500 ft. 

Parameter Velocity Scale Factor. 

100 ms c_ounting . period 

-0.51519 fps/ count 

Velocity Scale Factor 

80 ms counting period 

-0.6439875 fps/count 
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Parameter Velocity Scale Factor Velocity Scale Factor 

vya 0.96927 fps / count 1.2115875 fps / count 

vza 0.69343 fps / count 0.8667875 fps/count · 

NOTE: Velocity outputs are superimposed on a 153.6 kc nom. bias freq. 

Range > 2500 ft 

Range < 2500 ft 

Display Outputs 

Analog 

Range Scale Factor 

200 ms counting period 

2.158ft/count 

0.4317 ft/count 

vya' (-200to+200fps) 

V ' ( - 200 to +200 fps) za 

25 mv/fps 

25 mv/fps 

Pulse Trains 

V ' (-500 to +500 fps) xa 

Range (2500 - 25,000 ft) 

Range (10 - 2500 ft) 

Radar Scale Factor 

19.439 pps / fps 

2.316 pps/fps 

11.583 pps/ fps 

Displays: (Isolated O;mtact Closures) 

Antenna Pos. 1 Ind. 

V xa' Sense to 9M9 

LGC: (Isolated Contact Closures) 

Range Scale Factor 

Antenna Pos. 1 Ind. 

Antenna Pos. 2 Ind. 

Velocity Data Good 

Range Data Good 

4-9 

Range Scale Factor 

80 ms counting period 

4.99884 ft/count 

1.07 925 ft/ count 

(± 5 volts max.) 

(± 5 volts max.) 

Displ. Scale Factor 

20 pps/fps 

2.32 pps/ft X Cos 15° 

11.6 pps/ft X Cos 15° 
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Instrumentation: (Contact Closures) to Caution & Warning Ind. 

Range Data No Good 

Velocity Data No Good 

LR Power On 
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5. 1 . DSKY OPERATION 

5. 1. 1 Mission Language 

SECTION 5 

PROCEDURAL DATA 

The communication between crew and LGC is via the DSKY by means of 

verbs and nouns. Each verb or noun is represented by a two-character deci

mal number. The verb code indicates the operation to be performed and the 

noun code indicates the operand to which the operation is applied. Verb-noun 

displays from the LGC are provided by the DSKY indicators. Communication 

to the LGC is provided by verb-noun entries on the DSKY keyboard. Descrip 

tions of the standard verbs and nouns are contained in Tables 5-1 and 5-2. 

5. 1. 2 Display Panel 

The 24 electroluminescent sections of the display panel display the active 

LGC program or mode of operation (PROO), the current communicating 

VERB and NOUN, and three data registers (Rl, R2. and R3). (See Fig. 5-1) 

Each section is capable of displaying any decimal character or remaining 

blank, except for the left - most or sign section of each data register. The 

sign section of each data register displays a plus sign, a minus sign, or is 

blank. 
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Fig. 5-1. Display and lceyboard. 
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Verb 
Code 

{'1 00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

Function 

Illegal 

Display 1st component of: 

Display 2nd component of: 

Display 3rd component of: 

Display 1st and 2nd 
component of: 

Display 1st, 2nd and 3rd 
component of: 

Display all components of: 

Double precision decimal 
display: 

Illegal 

Illegal 

Illegal 

Monitor 1st component of: 

Monitor 2nd component of: 

Monitor 3rd component of: 

Description 

Performs octal display of data on R 1. 

Performs octal display of data on R 1. 

Performs octal display of data on R 1. 

Performs octal display of data on R 1, 
and R2. 

Performs octal display of data on R 1, 
R2, and R3. 

Performs decimal display of data on ap
propriate registers. The scale factors, 
types of scale factor routines, and com
ponent information are stored within the 
machine for each noun which it is re
quired to display in decimal. 

Performs a double precision decimal dis -
play of data on R 1 and R2. It does no 
scale factoring. It merely performs a 
10-character, fractional decimal conver
sion of two consecutive, erasable regis
ters, using Rl and R2. The sign is placed 
in the R 1 sign position with the R 2 sign 
position remaining blank. It cannot be 
used with mixed nouns. Its intended use 
is primarily with " machine address to be 
specified" nouns. 

Performs octal display of updated data 
every 1 second on R 1. 

Performs octal display of updated data 
every 1 second on R 1. 

Performs octal display of updated data 
every 1 second on R 1. 

Table 5-1. List of LM verbs. 
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Verb 
Code 

14 

15 

16 

17 

Function 

Monitor 1st and 2nd com
ponent of: 

Monitor 1st. 2nd, and 3rd 
component of: 

Monitor all components of: 

Monitor double precision 
decimal: 

18 Illegal 

19 Illegal 

20 Illegal 

21 

22 

23 

24 

25 

Write 1st component into: 

Write 2nd component into: 

Write 3rd component into: 

Write 1st and 2nd com
ponent into: 

Write 1st. 2nd, and 3rd 
component into: 

Description 

Performs octal display of updated data 
every 1 second on Rl and R2. 

Performs octal display of updated data 
every 1 second on R1, R2, and R3. 

Performs decimal display of updated 
data every 1 second on appropriate 
registers. 

Performs decimal display of updated 
data every 1 second on R1 and R2. 

Performs data loading. Octal quantities 
are unsigned. Decimal quantities are 
preceded by + or - sign. Data is dis -
played on R 1. 

Performs data loading. Octal quantities 
are unsigned. Decimal quantities are 
preceded by + or - sign. Data is dis -
played on R2. 

Performs data loading. Octal quantities 
are unsigned. Decimal quantities are 
preceded by + or - sign. Data is dis
played on R3. 

Performs data loading. Octal quantities 
are unsigned. Decimal quantities are 
preceded by + or - sign. Data is dis
played on R 1 and R2. 

Performs data loading. Octal quantities 
are unsigned. Decimal quantities are 
preceded by + or - sign. Data is dis -
played on Rl, R2, and R3. 

Table 5-1. · List of LM verbs (Cont.) 
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Verb 
Code Function 

26 Illegal 

27 

28 

29 

3 O' 

31 

32 

33 

34 

35 

Fixed memory display: 

Illegal 

Illegal 

Request executive: 

Request waitlist: 

Recycle program: 

Proceed without data: 

Terminate: 

Test lights: 
NOTE-USE ONLY 

DURING POO. 

Description 

This verb is included to permit display
ing the contents of fixed memory in any 
bank. Its intended use is for checking 
program ropes and the banU<.· position of 
program ropes. 

Inserts a manually specified jOb for 
processing. The executive program 
supervises the execution of all re 
quested jobs according to an assigned 
priority scheme. 
Inserts a manually specified task for 
processing. The waitlist program 
schedules the execution of tasks which 
must be executed at a specific time. 

Program recycles within current com 
putational loop. 

Informs routine requesting data to be 
loaded that the operator· chooses not to 
load fresh data, but wishes the routine 
to continue as best it can with old data. 
Final decision for what action should be 
taken is left to requesting routine. 

Informs routine requesting data to be 
loaded that the operator chooses not to 
load fresh data and wishes the routine to 
terminate. Final decision for what ac
tion should be taken is left to requesting 
routine. If monitor is on, it is turned off. 

Illuminates the lights on the display panel. 
Also all S's and +'s are shown on the 
numerical panel. After 5 seconds, all the 
lights go off and the original major code 
number is redisplayed. The numerical 
panel retains S's and +'s for display. 

Table 5-1. List of LM verbs (Cont.) 
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Verb 
Code 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

Function 

Fresh start: 

Change program to: 

Illegal 

Illegal 

Zero: 

Coarse align: 

Fine align IMU: 

Load IMU attitude error 
meters: 

Term.inate continuous 
designate: 

Illegal 

Illegal 

Initialize AGS: 

Load A/ P data: 

Start crew defined 
maneuver: 

I 

Description 

Initializes the program control software 
and the keyboard and display system pro-
gram. 

Change to new program according to the 
program code noun entry. 

Sets the CDU registers to zero. Must 
be used with noun 2 0 (ICDU) or noun 
72 (RR CDU) only. 

Must be used with noun 20 (ICDU) or 
noun 72 (RR CDU) only. 

Calls up programs that perform the in -
dicated ISS procedures. 

Selects AGS initialization routine (R4 7). 
Provides the AGS with the LM and CSM 
state vectors and ground elapsed time. 

Selects digital autopilot load routine 
(R03). 

Selects crew-defined maneuver routine 
(R62). Provides the crew with the abil 
ity to specify a final vehicle attitude for 
an LGC controlled maneuver. 

Table 5- 1. List of LM verbs (Cont. ) 
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Verb 
Code 

50 

Function 

Please perform: 

51 Illegal 

52 

53 

54 

55 

56 

Mark X reticle: 

Mark Y reticle: 

Please mark X or Y 
reticle: 

Increment LGC time 
(decimal): 

Terminate Tracking: 

Description 

This verb is used only by internal 
routines that wish the operator to 
perform a certain task. It should 
never be keyed in by the operator. 
It is usuall1 used with noun 25, 
"checklist' . The coded number for 
the checklist item to be performed 
is displayed in register Rl by the 
requesting routine. 

This verb is used only by internal 
routines that wish the operator to 
mark. It should never be keyed in 
by the operator. It requests the 
operator to obtain an X reticle mark 
of a star. 

This verb is used only by internal 
routines that wish the operator to 
mark. It should never by keyed in 
by the operator. It requests the 
operator to obtain a Y reticle mark 
of star. 

This verb is used by internal rou -
tines that wish the operator to mark. 
It should never by keyed in by the 
operator. It requests the operator 
to obtain either an X or Y reticle 
mark of a star. 

This verb is used to change the 
LGC clock time using increments 
(or decrements) loaded by the 
astronaut. 

Terminates either rendezvous track 
ing program (P20) or preferred track 
ing attitude program (P25). 

Table 5-1. List of LM verbs (Cont. ) 
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Verb 
Code Function 

57 Permit landing radar update 

58 Inhibit landing radar update 

59 Command L-R to Position 2 

60 Display vehicle rates 

61 Display DAP attitude errors 

62 Display total attitude errors 

63 Start RR/ LR self test routine (R04) 

64 Start S-band ant routine (R05) 

65 Disable U, V jets during DPS burns 

66 Vehicles are attached. 
Move this vehicle STATE to 
other vehicle 

67 W matrix RMS error display 

68 Illegal 

69 Cause restart 

70 

71 

72 

73 

74 

Update liftoff time: 

Universal update, block ADR 

Universal update, single ADR 

Update LGC time (Octal) 

Initialize erasable dump via 
downlink: 

75 Enable U, V jets during DPS burns 

I 

Description 

l ' ~' ' I '• 

Provides an increment for the LGC 
c._ock and TEPHEM. 

Provides load capability for a block 
of sequential erasable locations. 

Provides load capability for 1 through 
9 individually specified locations. 

Provides an increment for the LGC 
clock only. 

Entering V74 will initiate the down
link of all erasable information. 

Table 5-1. List of LM verbs (Cont. ) 
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Verb 
Code 

76 

77 

78 

Function 

Minimum impulse command 
mode 

Rate command and att~tude 
hold mode 

Start LR spurious test (R77) 

79 Stop LR spurious test (R 77) 

80 

81 

82 

83 

Update LM state vector 

Update CSM state vector 

Request orbit parameter 
display 

Request rendezvous 
parameter display 

84 Illegal 

85 Display RR LOS azimuth and 
elevation 

86 Illegal 

Description 

A verb 76 entry by the astronaut sets 
A/ P in minimum impulse command 
mode, which is sometimes used during 
inflight star sighting mark procedure . 

A verb 77 entry by the astronaut sets 
A/ P in rate command and attitude hold 
mode . 

Provides for the readout of range and 
velocity data from the landing radar (LR). 
Also puts it on the LGC downlink during 
the spurious return tests . 

During rendezvous navigation pro 
gram (P20) if initial selection of state 
vector to be updated was CS M, an 
entry of V80E will change the option 
to LM state vector to be updated (at 
any time during program). 

During rendezvous navigation pro
gram ( P2 O) if initial selection of 
state vector to be updated was LM, 
an entry of V81E will change the option 
to CSM state vector to be updated (at 
any time during program) . 

Used for entry into orbit parameter 
display routine (R30). 

Used for entry into rendezvous 
parameter display routine (R31). 
Range, range rate, and theta are 
displayed. 

Table 5- 1. List of LM verbs (Cont. ) 
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Verb 
Code Function Description 

87 Illegal 

88 Illegal 

89 Start rendezvous final Entry of V89 provides for calculation 
attitude routine (R63) and display of the final FDAI ball 

angles required to point the LM +Z or 
+X axis at the CSM. Also will call 
the attitude routine (R60) for auto-
matic maneuver capability. 

90 Request rendezvous out of Provides for display, ·at astronaut 
PLANE display routine (R36) request, of LGC calculated rendezvous 

out .c)f plane parameters. 

91 Compute Banksum 

92 Operate IMU performance 
test (P07) 

93 Enable W matrix 
initialization 

94 . Illegal 

95 No update of either 
state vector 

I 
96 Interrupt integration and 

go to POO 

97 Perform engine fail procedure 

98 Illegal 

99 Please enable engine 

Table 5-1. List of LM verbs (Cont.) 
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Noun Scale and 
Code Description Format Units 

00 Not used 

01 Specify address (fractional) .xxxxx Fractional 
.xxxxx 
.xxxxx 

02 Specify address (whole) xxxxx. Integers 
xxxxx . 
xxxxx. 

03 Specify address (degree) xxx.xx . degrees 
xxx.xx 
xxx.xx 

04 Gravity error angle xxx.xx degrees 
Blank 
Blank 

05 Sighting angle difference xxx.xx degrees 
Blank 
Blank 

) 
06 Option code ID Octal only 

Option code Octal only 
(DAT CODE for P57) Blank 

07 Flagword operator EC A DR Octal only 
BIT ID Octal only 
ACTION Octal only 

08 Alarm data AD RES Octal only I BB CON Octal only 
ERCOUNT Octal only 

09 Alarm codes First Octal only 
Second Octal only 
Last Octal only 

10 Channel to be specified Octal only 

11 TIG (CSI) ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

12 Option code ID (used by extended Octal only 
Option code verbs only) Octal only 

Blank 

Table 5-2. List of LM Nouns 
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Noun 
Code 

13 

I 14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

~v. V 

Scale and 
Description Format 

TIG (CDH) ooxxx. 
oooxx. 
oxx.xx 

Checklist (used internally) xxxxx. 
xxxxx. 
xxxxx. 

Increment address Octal only 

Time of event (used by ooxxx. 
extended verbs only) oooxx. 

oxx~xx 

Not used 

Auto maneuver ball angles Roll xxx.xx 
(desired) Pitch xxx.xx 

Yaw xxx.xx 
Not used 

ICDU angles OG xxx.xx 
(present) IG xxx.xx 

MG xxx.xx 

PIPA's x xxxxx. 
y xxxxx. 
z xxxxx. 

ICDU angles (desired) OG xxx.xx 
IG xxx.xx 
MG xxx.xx 

Not used 

Delta time for LGC clock ooxxx. 
oooxx. 
oxx.xx 

Checklist(used with V50) xxxxx. 
(see Table 5-3 for Check- Blank 
list Codes) Blank 

Priority/delay. adres. bbcon Octal only 
Octal only 
Octal only 

Self test switch xxxxx. 

Table 5-2. List of LM Nouns (Cont.) 

s-12 

Units 

hours 
minutes 
seconds 

hours 
minutes 
seconds 

degrees 

degrees 

pulses 

degrees 

hours 
minutes 
seconds 



Noun Scale and 
Code Description Format Units 

28 Not used 

29 Not used 

30 Not used 

31 Not used 

32 Time from perigee ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

33 Time of ignition ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

34, Time of event ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

35 Time to go to event ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

) 36 Time of LGC clock ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

37 TIG of TPI ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

38 SV Integration time (TET) ooxxx. hours I oooxx. minutes 
oxx.xx seconds 

39 Not used 

40 Time from ignition/ cutoff XXBXX min/sec 
VG xxxx.x feet/second 
Delta V (measured) xxxx.x feet/second 

41 NAV BASE azimuth xxx.xx degrees I latitude xx.xxx degrees 

42 Apogee altitude xxxx.x nautical miles 
Perigee altitude xxxx.x nautical miles 
Delta V (required) xxxx.x feet/second 

Table 5-2. List of LM Nouns (Cont.) 
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Noun 
Code 

43 

44 

45 

46 

47 

48 

49 

50 

Description · 

Latitude · · '· ~' 
Longtitude·'.~ 
Altitude :. 

Apogee altitude 
Perigee altitude 
TFF 

Marks 
TFI 
MGA 

Autopilot configuration 

Weight LM 
CSM 

Gimbal pitch trim 
Gimbal roll trim 

Delta R 
Delta V 
SOURCE CODE 
Not used 

Scale and 
Forrp.at 

~ .· ,, . . 

xxx~xx · 
xxx.xx 

,. xxxx.x 

xxxx.x 
xxxx.x 
XXBXX 

xxxxx. 
XXBXX 
xxx.xx 

Units 

degrees 
degrees 
nautical miles 

nautical miles 
nautical miles 
minutes, seconds 

minutes, seconds 
degrees 

ij.l = ABCDE, where 
.· A = 1 Ascent stage only 
A• 2 Ascent & descent stages 
A • 3 Ascent & descent stages 

docked to CSM 
B = 0 Two jet translation 

(RCS system A alone) 
B = 1 Two jet translation 

(RCS system B alone) 
B • 2 Four jet translation 

(RCS system A and B) 
C • 0 Fine scaling ACA 
C • 1 Normal scaling ACA 
D • O Attitude deadband of O. 3 

degrees 
D • 1 Attitude deadband of 5.0 

degrees 
E • 0 Kalcmanu rate of 0.2 

degrees/sec 
E • 1 Kalcmanu rate of 0. 5 

degrees / sec 
E • 2 Kalcmanu rate of 2 

degrees / sec 
E • 3 Kalcmanu rate of 10 

degrees/sec 

xxxxx. 
xxxxx. 
xxx.xx 
xxx.xx 
xxxx.x 
xxxx.x xxxxx. 

pounds 
pounds 

degrees 
degrees 

nautical miles 
feet/second 

~able 5-2. List of LM Nouns (Cont.) 

s-1• 
Rev. III 



Noun Scale and 
Code Description Format Units 

51 S BAND ANT Pitch (alpha) xxx.xx degrees 
S BAND ANT Yaw (beta) xxx.xx degrees 

52 Central angle of active vehicle xxx.xx degrees 

53 Not used 

54 Range xxx.xx nautical miles 
Range rate xxxx.x feet / second 
Theta xxx.xx degrees 

55 Number of apsidal crossings xxxxx. I Elevation angle xxx.xx degrees 
Central angle of passive vehicle xxx.xx degrees 

56 RR LOS azimuth . xxx.xx degrees 
RR LOS elevation xxx.xx degrees 

57 Delta R xxxx.x nautical miles 

58 Perigee altitude (post TPI or SOR) xxxx.x nautical miles 
Delta V TPI or SOR xxxx.x feet / second 
Delta V TPF or SOR final xxxx.x feet / second 

59 Delta velocity LOS xxxx.x feet / second 
xxxx.x feet / second 
xxxx.x feet / second 

60 V (Horiz) xxxx.x feet / second 
H DOT xxxx.x feet / second 
H xxxxx. feet 

61 TG XXBXX min/ sec 
TFI XXBXX min / sec 
Cross range xxxx.x nautical miles 

62 VI xxxx.x feet/second 
TFI XXBXX min/ sec 

. Delta V (measured) xxxx.x feet / second 

63 VI xxxx.x feet / second 
H DOT xxxx.x feet/ second 
H xxxxx. feet 

64 Time left for 
redesignation (TR) /LPD XXBXX sec / deg I H DOT xxxx.x feet/second 
H xxxxx. feet 

Table 5-2. List of LM Nouns (Cont.) 
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Noun Scale and 
Code Description Format Units 

65 Sample LGC time ooxxx. hours 
oooxx. minutes 
oxx.xx seconds 

66 LR range (slant) xxxxx. feet 
LR position + 00001 / + 00002 

67 LRVX xxxx x. feet / second 
LRVY xxxx x. feet / second 
LRVZ xxxx x. feet / second 

68 Slant range to LS xxxx.x nautical miles 
TG XXBXX min/ sec 
LR ALT - comp ALT xxxxx. feet 

69 Not used 

70 AOT detent code / star code Octal only 

71 AOT detent code / star code Octal only 

72 RR trunnion angle xxx.xx degrees 
RR shaft angle xxx.xx degrees 

73 RR trunnion angle (desired) xxx.xx degrees 
RR shaft angle (desired) xxx.xx degrees 

74 TFI XXBXX min/ sec 
Yaw xxx.xx degrees 
Pitch xxx.xx degrees 

75 Delta altitude C DH xxxx.x nautical miles 
Delta time XXBXX min/ sec 
Delta time XXBXX min/ sec 

76 Downrange VEL (VHF) xxxx.x feet/second 
Rad VEL (H Dot F) xxxx.x feet/second 
Cross range ' xxxx.x nautical miles 

77 TG XXBXX min/sec 
Velocity normal to CSM plane xxxx.x feet/ second 

: I 78 RR range xxx.xx nautical miles 
RR range rate xxxx .x feet / second 
TFI XXBXX MIN/SEC 

79 Cursor angle xxx.xx degrees 
Spiral angle xxx.xx degrees 
Position code xxxxx. 

Table 5-2. List of LM Nouns (Cont.) 

Rev. v 5-16 



Noun Scale and 
Code Description Format Units ---, 

80 Data indicator xxxxx. \I Omega xxx.xx degrees 

81 Delta VX (LV) xxxx.x feet / second 
Delta VY (LV) xxxx.x feet / second 
Delta VZ (LV) xxxx.x feet / second 

82 . Delta VX (L V) xxxx.x feet / second 
Delta VY (LV) xxxx.x feet / second 
Delta VZ (LV) xxxx.x feet / second 

83 Delta VX (LM) xxxx.x feet / second 
Delta VY (LM) xxxx.x feet / second 
Delta VZ (LM) xxxx.x feet / second 

84 Delta VX (OV) xxxx.x feet / second 
Delta VY (OV) xxxx.x feet / second 
Delta VZ (OV) xxxx.x feet / second 

85 VGX(LM) xxxx.x feet second 
VGY (LM) xxxx.x feet / second 
VGZ (LM) xxxx.x feet / second 

86 VGX (LV) xxxx.x feet / second 
VGY (LV) xxxx.x feet / second 

) ycz (LV) xxxx.x feet / second 

87 Backup optics LOS azimuth xxx.xx degrees 
Backup optics LOS elevation xxx.xx degrees 

88 Half unit sun or planet .xxxxx 
vector .xxxxx 

.xxxxx 
89 Latitude xx.xxx degrees 

Long/ 2 xx.xxx degrees 
Altitude xxx.xx nautical miles 

90 y (Rendezvous xxx.xx nautical miles 
Y dot out of plane xxxx.x feet / second 
Psi parameters) xxx.xx degrees 

91 Altitude xxxxx. NMXlO 
Velocity xxxxx. feet/second 
Flight Path Angle xxx.xx d~grees 

92 not used 

Table 5-2. List of LM Nouns (Cont.) 
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Noun Scale and 
Code Description Format Units 

93 Delta gyro angles X gyro xx.xxx degrees 
Y gyro xx.xxx degrees 
Z gyro xx.xxx degrees 

94 Not used 

95 Not used 

96 Not used 

·97 System test inputs xxxxx. 
xxxxx. 
xxxxx. 

98 System test results and inputs xxxxx. 
.xxxxx 
xxxxx. 

99 RMS in position xxxxx. ft 
RMS in velocity xxxx.x feet / second 
Bias Error xxxxx. milli radians 

Table 5-2. List of LM Nouns (Cont.) 
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5. 1. 3 Keyboard Operation 

The procedure for keyboard operation is to press a sequence of seven keys 

as follows: 

VERB NOUN ENTR 

Pressing the verb key blanks the verb display on the DSKY and clears the verb 

code register in the LGC . The next two numerical keys pressed comprise the 

verb code, V 1 and V 2. These numerical characters appear in the VERB display 

on the DSKY as they are keyed in. In a similar manner the noun code is keyed 

in by pressing the noun key and two numerical keys . Pressing the ENTR (enter) 

key initiates the performance indicated by the verb-noun combination on the dis 

play panel. No action is taken by the LGC on the verb - noun combination until 

the ENTR key is pressed. Therefore, it is not necessary for the verb to be 

keyed in before the noun. They may be done in reverse order, or an old verb 

or old noun may be used without rekeying it . 

If an error is noticed in either the verb or noun code before pressing the 

ENTR key, it can be corrected by pressing the VERB or NOUN key and keying 

in the correct code. The ENTR key, therefore, should not be pressed until the 

displayed verb and noun have been verified as being correct. 

If the selected verb-noun combination requires data to be loaded by the 

operator, the VERB and NOUN lights start flashing (about once per second) after 

the ENTR key is pressed. Data is loaded in five-character words, and as it is 

keyed in, it is displayed character - by- character in one of the five - position data 

display registers: Rl, R2, or R3. Numerical data is assumed to be octal unless 

the five - character data word is preceded by a plus or minus sign, in which case 
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it is considered to be decimal. Decimal data must be loaded in full five

numerical character words (no zeros may be left out); octal data may be loaded 

with high-order zeros left out. If a decimal is used for any component of a 

multi-component load verb, it must be used for all components of that verb. 

In other words, no mixing of octal and decimal data is permitted for different 

components of the same load verb. If these conditions are violated, the QPR 

ERR light is turned on when the ENTR key is pressed. The ENTR key must 

be pressed after each data word to indicate to the program that a complete 

numerical word has been keyed in. The VERB-NOUN lights stop flashing after 

the ENTR button is pressed for the last time in a loading sequence. 

The CLR button is used to remove errors in loading data as it is displayed 

in Rl, R2, or R3. It does not affect the PROO, NOUN, or VERB lights. (The 

NOUN lights are blanked by the NOUN key, the VERB lights by the VERB key.) 

For single-component load verbs or "machine address to be specified" nouns, 

pressing the CLR button clears the register being loaded, provided the CLR 

button is pressed before the ENTR button. Once the ENTR key is pressed, the 

CLR key does nothing. The only way to correct an error after the data has 

been entered for a single-component load verb is to begin the load verb again. 

For two- or three-component load verbs, there is a CLR backing-up feature. 

The first depression of the CLR key clears the register being loaded. (The 

CLR key may be pressed after any character, but before the ENTR button is 

pressed.) Consecutive CLR button actuations clear the data display register 

above the current one until Rl is cleared. Any attempt to clear beyond Rl is 

simply ignored. The CLR backing-up function operates only on data pertinent 

to the load verb that initiated the loading sequence. For example, if the initiat

ing load verb were a load second component only, no backing-up action is possible. 
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Further signals from the numerical keys, the CLR key, and the sign keys 

are rejected after completion (final entry) of a data display or data load verb. 

At such time, only VERB, NOUN, ENTR, RSET (error reset), or KEY REL (key · 

release) signals are accepted. Thus, the data keys are accepted only after the 

control keys have instructed the program to accept them. Similarly, the + and -

keys are accepted only before the first numerical character of Rl, R2, or R3 

has been keyed in, and at no other time. When loading decimal data 

in register Rl, R2, or R3 it must be preceded by a + or - sign. 

The keyboard and display system program may be used as a subroutine by 

internal computer programs. However, any operator keyboard action (except 

RSET) makes the keyboard and display system program busy to internal routines. 

The astronaut has control of the keyboard and display system until he wishes 

to release it. Thus, he is assured that the data he wishes to observe will not be 

replaced by internally initiated data displays. In general, it is recommended 

that the astronaut release the keyboard and display system for internal use when 

he has temporarily finished with it. This is done by pressing the KEY REL 

pushbutton. 

The RSET key is pressed whenever a DSKY failure indicator comes on. It 

may be used to test for the presence of a continuous alarm rather than a tran

sient alarm. In addition to a keycode, the RSET key initiates a light reset sig

nal which resets the alarm flip-flops in the alarm control section of the output 

section. 
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5. 1. 4 Monitor Verbs 

There is a class of verbs called monitor verbs (11 through 17) which dis

play data every one second. Once a monitor verb is executed, the data on the 

display panel continues to be updated until the monitor is turned off. 

The monitor is turned off by: PRO(proceed/ proceed without data), V34E (ter-

minate), and internal program initiation of the keyboard and display system program 

I with a key release input after start of monitor, or by a fresh start, or restart. 

Monitor action is suspended (but not ended) by the depression of any key, 

except RSET. This turns on the KEY REL light immediately. Monitor action 

continues after the keyboard and display system is released. Thus it is possible 

to suspend a monitor while the operator loads some data. or requests another 

display; and to return to the original monitor when his intervention is concluded. 

After any use of the DSKY, the numerical characters (verb, noun, and data 

words) remain visible until the next use of the DSKY. If a particular use of the 
I 

DSKY involves fewer than three data words. the data display registers (Rl, R2, 

R3) not used remain unchanged, unless blanked by deliberate program action. 

5. 1. 5 Internal LGC Sequences 

The majority of DSKY operations are of the following categories: 

1. Display - To display data to the operator. Display verbs present 

data computed by the mission program. 

2. Load - To request a data load into the data registers 

3. Please perform - To request an action from the operator who then 

notifies the LGC of his compliance. 
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4. Please mark - To request the operator to push the MARK button 

for an AOT sighting. 

LGC initiated verb/ noun combinations are either statically displayed or 

flashed. If static they identify data displayed only for operator information re -

quiring no respon.se from him. If the verb/ noun is flashing, appropriate operator 

response is required as indicated by the verb/noun combination. In this case 

the internal sequence is interrupted until the operator responds appropriately, 

then the verb/ noun flash is terminated and the internal sequence is resumed. 

It is important to respond to a flashing verb/ noun with only one of the proper 

responses or else the internal sequence that called the display may never be re 

sumed. An appropriate operator response to a flashing verb / noun should be 

ENTR, V32E (recycle), PRO (proceed/ proceed without data), or V34E (terminate ). 

The internal sequence response to any one of these operator responses varies 

according to the verb/ noun flashing. 

5. 1. 5. 1 Display - Verb/ Noun Flashing 

The appropriate operator response to a flashing verb/noun combination is: 

1. Correct the data. Perform the appropriate load verb sequence. 

Upon the final ENTR, the internal sequence proceeds normally. 

2. Recycle (V32E). This causes the program to return to a pre 

vious location. 

3. Proceed/ Proceed without data (PRO). This indicates accept

ance of the displayed data, and a desire for the internal sequence 

to continue normally. 
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4. Terminate (V34E). The operator wishes the internal sequence · 

to cease operation. 

5. 1. 5. 2 Please Load~Verb/Noun Flashing 

Whenever any data is to be loaded, theVerb/Noun flashes. The flash occurs 

whether the data load is initiated by LGC or by the operator. The appropriate 

data display register (Rl, R2, or R3) is blanked in anticipation of the data load. 

Data is loaded in five-character words and is displayed character-by-character; 

in one of the five-position data display registers as it is keyed in. 

Numerical data is considered decimal if the five-character data word is 

preceded by a plus or a minus sign; if no sign is supplied it is considered octal. 

T he plus and minus keys are accepted only when they precede the first numeri

cal character of the data word; they are ignored at any other time. Decimal 

data must be ioaded in full five-numerical-character words (no zeros may be 

s uppressed); octal data may be loaded with high order zeros suppressed. If 

decimal is used for any componcrnt of a multicomponent load verb, it must be 

used for all components of that verb. No mixing of octal and decimal data is 

permitted for different components of the same load verb. (If this principle is 

violated, the OPR ERR alarm is turned on. ) 

The ENTR key must be pressed after each data word. This tells the pro

gram that the numerical word being punched in is complete. The flash is turned 

off after the last ENTR of a loading sequence is pressed. 

As data is loaded, it is temporarily stored in intermediate buffers. It is 

not placed into its final destination, as specified by the noun code, until the final 

ENTR of the load sequence is punched in. 
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If an attempt is made to key in more than five numerical characters in 

sequence, the sixth and subsequent characters are simply rejected. If the 8 or 

9 key is punched during octal load (as identified by lack of a sign entry), it is re

jected and the OPR ERR light is turned on. 

In multi - component load situations, the appropriate single component load 

verbs are flashed one at a time. The computer always instructs the operator 

through a loading sequence. The operator (or the internal program) initiates 

the sequences by selecting VERB 2 5, "load three components of:" (any noun will 

do) E. The verb code is changed to 21, "load first component of:" and the flash is 

turned on. VERB 21 continues to be flashed as the operator punches in the first 

word of data. When the ENTR is pressed, the verb code is changed to 22. 

Flashing continues while the operator punches the second data word. When 

ENTR is pressed, the verb code is changed to 23, "load third component", and 

again the flash continues while the third data word is punched in. When ENTR 

is pressed, the flash is turned off, and all three data words are placed in the 

locations specified by the noun. Throughout the changing of the verb codes, the 

noun code was left unchanged. 

The CLR Button is used during data loading to remove errors in Rl, R2, 

or R3. It allows the operator to begin loading the data word again. It does 

nothing to the PROO, noun or verb lights. (The noun lights are blanked by the 

NOUN key; the verb lights, by the VERB key.) In the following discussions, the 

term Clearing Function will be used to mean: blanking the data display register 

of interest and placing +O into the buffer storage register associated with that 

display register. 
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For single component load verbs, the CLR button depression performs the 

clearing function on whichever register is being loaded, provided that the CLR 

is punched before the data ENTR. Once the ENTR is depressed, the CLR does 

nothing. The only way to correct an error after the data ENTR for a single 

component load verb is to begin the load verb again. 

For the two- or three-component load verbs, there is a backing-up feature 

of CLR. The first depression of the CLR key performs the clearing function on 

whichever register is being loaded. (The CLR may be pressed after any charac

ter, but before its ENTR.) Consecutive depressions of CLR perform the clear

ing function on the data display register above the current one, until Rl is 

cleared. Any attempts to back-up beyond Rl are simply ignored. 

The backing-up of CLR operates only on whatever data is pertinent to the 

load verb which initiated the loading sequence. For example, if the initiating 

load verb was a load second component only, no backing-up action is possible. 

The appropriate operator, response to an internally initiated verb/ noun for 

load therefore becomes: 

a) The final ENTR of the loading sequence, after which internal 

sequence proceeds normally. 

b) "Proceed/proceed without data" (PRO). This indicates the 

operator will not load the requested data and desires the internal 

sequence to continue as best it can. 

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

to cease operation. 
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5. 1. 5. 3 Please Perform - Verb/Noun Flashing 

This is always an internally initiated action, as operator response is always 

required to the "please perform" request, the verb-noun is always flashed, and 

the internal sequence is interrupted. The "please perform" verb 50 is usually 

used with the checklist noun 25 with an appropriate checklist code in register 

R 1. Whenever V50N2 5 is displayed on the DSKY. it is a request for the astro 

naut to perform one of the following general tasks: 

1) Change position of console switches 

2) Start or end a task 

3) Key in data on the DSKY 

The specific requested task is denoted by the checklist code display in Rl. 

Table 5 - 3 lists the checklist codes and the action required for the operator to 

accept the request. The appropriate response is: 

1. PRO to indicate that the requested action has been performed. 

The internal sequence continues normally. 

2. ENTR(proceed without data). The operator chooses not to per

form the requested action, but desires the internal sequence to 

proceed as best it can. 

3. V34E (terminate). The operator chooses not to perform the 

requested action and desires the internal program to cease 

operation. 
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Checkli~t 
Codes 

000 13 

000 14 

000 15 

000 62 

.00201 

00203 

0020 5 

00!:'00 

Descriptions Action to Accept 

Note: These codes are displayed only with 
Verb 50 Noun 25 (Please Perform, 
Checklist) 

Key in normal or gyro torque 
coarse align 

Fine alignment option 

Perform star acquisition 

Switch LGC to power down 

Switch RR mode to 
automatic 

Perform auto mode selection 

Perform manual acquisition 
with RR 

Switch LR antenna to position 1 

Key in PRO to coarse align 

Key in PRO, define alignment 

Rotate LM to position pitch 
axis in pref erred direction. 
Rotate LM to acquire two 
navigation stars in AOT FOV. 
Key in PRO. 

Key in PRO. Press PRO 
until STBY light goes on, 
LGC blanks DSKY displays. 
RR ANTENNA MODE SW -
LGC. Key in PRO 

Guidance control sw - PGNS 
Mode control sw - AUTO 
Thrust control sw - AUTO. 
Key in PRO. 

RR SW - SLEW 
TEST Monitor sw - RNDZ 
RADAR - AGC 
SLEW RATE:sw - LO 
Search for CSM manually near 
zero shaft and trunnion angles 
and obtain indication in SIGNAL 
STRENGTH meter. 
Set RR antenna mode switch to 
AUTO TRACK and permit 
acquisition (NO TRACK lt goes 
out). Check for sidelobe. 
Key in PRO. 

Momentarily put LOG Ant switch 
to "DES" then put in "AUTO'~ 
Key in PRO. 

Table 5-3. List of checklist codes 
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When a Verb 04 Noun 12, or a Verb 05 Noun 06, I 
or w l\enever V04 N06 is displayed on the DSKY, it is a request for the astro-

naut to load an option into the DSKY between two or more alternatives. An op-

tion code, which describes the decision to be made is displayed in Rl of the 

DSKY. An LGC assumed option is automatically displayed in R2 . If the 

astronaut accepts the LGC assumed option, he keys in PRO. However, if he 

rejects the LGC assumed option, he keys in V22E and loads the desired option . 

Table 5-4 lists the option codes and the associate options. 

5. 1.5.4 Please Mark 

The "please mark" verbs (52, 53, and 54) are flashed during the in-flight 

sighting mark routine (R53). Verb 54 requests an AOT star mark via the com

puter control and reticle dimmer assembly for either the X or Y reticle. Verb 

52 requests an X reticle mark and verb 53 requests a Y reticle 

) mark. 

5. 1. 6 Mission Program Initialization or Termination 

Programs may be initiated by manual keyboard entry or by LGC uplink 

command. In certain cases, program initiation is automatically done by a 

previous program. Typical manual entry into a program is made from the 

LGC idling program (POO) or final automatic request terminate routine (ROO). 

This is accomplished by keying in V37E and then the number of the required 

program and another E. 

Once an automatic LGC sequence has been initiated, the astronaut always 

has the capability to end it at any time. This is accomplished by selection of 

a new program. For example, LGC idling program (POO) selection is made 

by V37E OOE. An active program can also be terminated by V34E or V56E. 

The verb 56 is generally used to terminate coasting programs (P20, P25, P22) 
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Option 
Code 

00001 

00002 

00003 

00004 

00005 

00006 

00010 * 

00012 

Rev. V 

Purpose Input for R2 

Note: These codes are displayed with 
Verb 04 Noun 06 or Verb 04 Noun 12 
(*) displayed with Verb 05 Noun 06 

Specify IMU orientation 1 = PREF'ERRED 
2 •Nominal 

Specify vehicle 

Specify tracking attitude 

Specify Radar 

Specify SOR Phase 

Specify RR coarse align 
option 

Specify alignment mode 

Specify CSM 
Orbit option 

3 = REFSMMAT 
4 :ii Landing site - orientation 

1 = This 
2 =Other 

1 = Pref erred 
2 •Other 

1 •RR 
2 •LR 

1 = First 
2 • Second 

1 • Lock on 
2 = Continuous designate 

0 •Anytime 
1 :11 REFSMMAT + G 
2 = Two bodies 
3 = One body + G 

1 z No orbit change 
2 • Change orbit to 

pass over LM 

Table 5-4. List of LM option codes. 
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and verb 34 is used to terminate other programs. 

5. 1. 7 Operator Alarm 

The OPR ERR light is turned on when the operator performs some im

proper sequence of key depressions. 

Illegal Verbs, Nouns, and Combinations 

The simplest alarm situation is an attempt to use an undefined (or spare) 

verb code or noun code. The alarm light is turned on when the ENTR is 

pressed that attempts to execute the verb/noun combination. No further action 

is taken. 

It is possible to choose a verb that is defined and a noun that is defined, 

but have the combination of verb and noun be illegal (for example, the "decimal 

display" verb used with a noun which is restricted to be "octal only"). The 

alarm light is turned on at the ENTR that attempts to execute the verb/noun 

combination. No further action is taken. 

Violation of the following principles causes the OPR ERR to be turned on. 

No further action is taken. 

1. An undefined (or spare) verb must not be used. 

2. An undefined (or spare) noun must not be used. 

3. In octal display and monitor verbs and all load verbs, the component 

number of the verb must not exceed the number of components in the noun. 

(Note, all "machine address to be specified" nouns are considered one com

ponent, except noun 01, 02 and 03, which may be used with any verb.) 

4. The octal display and monitor verbs must not be used with a "decimal 

only" noun. 

5. The decimal display and monitor verbs must not be used with an 

"octal only" noun. 

6. The dp decimal display and monitor verbs (07, 17) must not be used 

with mixed nouns (codes 40-99). 

7. No load verb may be used with a noun restricted to be "no load". 

All nouns having split MIN/SEC scale for any component are "no load" for 

the entire noun. 
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8. An input code other than those which are defined is received from 

the keyboard. 

Many legal Verb/Noun combinations require the loading of additional data 

(either numerical or machine address). It is possible that the data supplied may 

itself be improper for the noun selected. Examples are: (1) the numerical data 

exceeds the maximum value allowed by the scale factor associated with the noun, 

and (2) decimal data is loaded into an "octal only" noun. 

In general the offense is detected at the final ENTR of the loading sequence. 

The alarm is turned on and a recycle is performed back to the beginning of the 

loading sequence. The flash is left on, and the data display register associated 

with the first data word in the sequence is blanked again. It is necessary for 

the operator only to supply the data again; he need not attempt to re-execute the 

verb/ noun combination. (Note, if decimal data is supplied for the address of a 
I 

"machine address to be specified" noun, the alarm and recycle are performed 

at the ENTR immediately following the address word. ) 

Violation of the following principles causes the OPR ERR to be turned on, 

and a recycle to be performed. 

1. The address keyed in for a "machine address to be specified" 

noun must be octal. 

2. In multi- component load verbs, no mixing of octal and decimal data 

is permitted. All the data words loaded for a given noun must 

either be all octal or all decimal. 
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3. Octal data must not be loaded into a "decimal only" noun. 

4. Decimal data must not be loaded into an "octal only" noun. 

5. Decimal data loaded must not numerically exceed the maximum 

permitted by the scale factor associated with the appropriate 

component of the noun. 

6. All 3 words must be loaded for the hours, minutes, seconds scale. 

7. When loading .with the hours, minutes, seconds scale, the minutes 

must not exceed 59; the seconds must not exceed 59. 99; and the 

total hours must not exceed 745. 

8. Two numerical characters must be supplied for the PROG Code 

under V37. 

There are 4 situations which cause the Operator Error light to be 

1 turned on and the offending key depression to be simply rejected. These 

are: 

1. An attempt to ENTR a decimal data word having fewer than 

five numerical characters. The ENTR is simply rejected. The 

flash is left on and the verb code is not advanced. Thus, it is 

possible to supply the remaining characters and to press the 

ENTR again for the same data word. Or the CLR key may be 

used if the operator wishes to begin loading the offending data 

word again. 

2. An 8 or 9 is punched while loading a word which was not preceded 

by a plus or minus sign. The 8 or 9 is simply rejected. The re

maining characters may then be supplied or the offending word 

removed and its loading begun again. 
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3. Certain program controlled cases. 

4. An attempt to call one extended verb on top of another without allowing 

proper termination of the first. 

5.1.8 Program Alarm 

A program alarm is a program-controlled alarm that is issued when some 

program check is failed, The program alarm lights the PROG alarm indicator 

on the DSKY. 

The program alarms can be identified as "Bailout", "PooDoo", "Main" 

and "Side" alarms, depending on the cause of the alarm and the result. Section 

2.4.5.3 describes each of these categories and Table 2-2 lists all of the alarms 

associated with Luminary. Upon issuance of a program alarm, the associated 

alarm routine may cause V05 N09 to be flashed and a five-digit error to be 

displayed. This error code indicates the specific condition that causes the 

alar1n, and thereby, provides din.gnostic data for crew decisions. 

Occasionally more than one error code will be displayed (up to three). 

In which case, R2 and R3 are used as required. If no error code is present 

and V05 N09 is not flashed, keying in V05 N09E will call up the error code 

for display. The PROG alarm indicator on the DSKY will remain on until the 

RSET pushbutton is pressed. 
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5. 2 LGC SEQUENCING AND CONTROL 

5. 2. 1 Time Sharing 

The building blocks of operational tasks within the LGC consist of the 

programs and routines. Due to the random time sequencing of many LGC 

tasks, the design of the building block sequences permits use of the same 

task at various times and in varied circumstances. The LGC is a time 

shared computer; whereby, priorities are internally assigned to each pro

cessing task required. This time-sharing is implemented by counter inter

rupts, program interrupts, and program controlled processing. 

Counter interrupts have the highest priority. Whenever counter input 

pulses are present, the processing of any other task is temporarily suspended 

to permit processing of the counter pulses. Control is returned to the inter

rupted program upon completion of processing the counter pulses. The pro

cessing of LGC counter input pulses required approximately twelve micro

seconds. This involves such things as IMU gimbal angles, velocity 

accumulation, RR antenna angles, and LGC output pulses required to 

re-position the IMU stable member. 

Program interrupts are caused by the occurrence of a particular event. 

They have the next highest priority to counter interrupts. A program inter

rupt can occur when it is time to process such things as input/ output data, 

uplink data, downlink data, radar inputs, controller inputs, and AOT marks. 

The lower priority is given to program controlled processing. These 

include the mission programs and routines in memory which utilize most of 

the LGC processing time. Mission programs and routines are not only in

terrupted by counter interrupts and program interrupts, but also by other 

mission programs and routines. An executive routine schedules the various 

programs and routines, and interrupts a current job for any of higher 

priority, but re-schedules the interrupted job. 
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5. 2. 2 Mission Program Classification 

By means of the auxiliary and utility programs, the LGC maintains an 

awareness of its environment and synchronizes the LGC activities. Except 

for a few alarm situations, ordinarily the auxiliary and utility programs pro

vide no direct interface to the astronaut. Direct astronaut/ LGC interface is 

provided through the mission programs. The mission program that is cur

rently in control of the LGC is displayed by the DSKY PROG numerical 

indication. The categories of LGC mission programs are designated by two 

digit number as follows: 

OX - Service Programs . BX - Descent :Programs 

2X - Coast Programs · 7X - Aborts & Backup Programs 

3X - Prethrust Programs 

4X - Thrust Programs 

5X - IMU Align Programs 

The service programs include LGC idling (POO), and PGNCS power down 

(P06). 

The rendezvous navigation program (P20) is used throughout most 

coasting phases of the flight. tit obtains CSM or LM vector updates by means 

of RR data. During thrusting phase or IMU re-alignment, the update capa

bility is removed by internal LGC sequencing. Upon completion of such 

nonupdate phases, vector update within P20 is automatically returned. If 

the rendezvous radar malfunctions, the preferred tracking attitude program 

( P25) is selected to maintain the LM in attitude that permits CSM tracking 

of the LM beacon. The ground track determination program (P21) provides 

ground track capability without MSFN assistance. If LGC update or thrust

ing information is desired from a LM external source, the LGC update 

program (P27) is utilized. 

The IMU alignment programs are IMU orientation determination (P51) 

and IMU realign (P52). The orientation determination program is used 
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after IMU turn on to obtain IMU inertial orientation with respect to 

celestial coordinates. Establishing a known stable member 

orientation provides a means for the LGC to identify stable member orienta

tion with respect to the spacecraft. From this known orientation called 

REFSMMAT any spacecraft orientation changes are reflected as gimbal move

ments about the stable member and CDU read counter outputs to the LGC. 

Hence, the computer maintains its awareness of spacecraft attitude. To 

re - align the stable member to a desired thrusting orientation (a preferred 

orientation), or to local vertical (a nominal orientation), or to re - establish . . 
known accuracy, P52 is selected. For each of these realignment orientations, 

the REFSMMAT is re - defined to be coincident . 

J)uring a concentric rendezvous sequence, the prethrusting programs 

(P32, P33, P34, and P35) are performed sequentially with each followed 

by a thrusting program. In each of these prethrust programs, the LM is 

designated the active vehicle. By utilization of the position and velocity 

vectors of the active and passive vehicles and maneuver time inputs from 

the astronaut, the LGC computes maneuver parameters. If ground control 

of thrusting maneuvers or if the passive vehicle computes the thrust para 

meters, the external delta V program (P30) is used for rendezvous. 

The actual PGNCS autopilot, thrust control programs are descent pro

pulsion system program (P40), reaction control system program (P41), 

ascent propulsion program (P42). Prior to a PGNCS th r usting maneuver, 

the digital autopilot data load routine (R03) must be selected to obtain the 

desired digital autopilot moding. For monitoring LM acceleration during a 

thrusting maneuver that is not PGNCS controlled, program P47 is selected. 
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5. 2. 3 Program Descriptions and Flow 

The programs and routines described in this section are those that 

have astronaut interface (the mission programs). The flow charts that 

accompany the program descriptions summarize the overall sequential com

puter flow. Not all internal LGC operations are shown in these diagrams. 

Most major discretes and flags that affect the sequential flow are shown. 

For purposes of this discussion. a discrete is a two-state signal (either 

yes or no) that informs the LGC of an external equipment operational state 

or is a command from the LGC to external equipment. Auxiliary and utility 

routines periodically review the status of these signals. 

A flag is an exclusively internal signal which provides memory with 

the capability of checking program functional states; whereby. the sequential 

program flow is properly maintained. For convenience. a flag is usually 

described as set or reset to identify its status. 

Interfacing astronaut action and displays via the DSKY are shown within 

the diagrams on interconnecting lines. The flow begins at the top of each 

diagram and flows toward the bottom. The flow diagram symbols used are 

shown in Fig. 5- 2. 

5.2.3.1 LGC Idling Program (POO) 

The LGC idling program (Fig. 5-3) maintains the LGC in a condition of 

readiness for entry into any other program which does not need to be preceded 

by another specific program. It provides a program that does not require crew 

coordination and maintains the PGNCS in a state whereby random manual attitude 

maneuvers can be made with minimum concern for the PGNCS. During this 
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Fig. 5-2. Flow diagram symbol s . 
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fig. 5-3. LGC idling program (POO). 
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program the coasting integration routine will periodically update the LM & 

CSM state vectors to approximately the present time. 

The program is entered manually by the astronaut (V37EOOE) or auto

matically from extended verb 96. If entered from V96, W-matrix extrapolation 

may be incorrect. Before idling is started, routine ROO is performed. During 

POO operation, the LGC erasable storage may be initialized by keying V36E. 

However, this action is only performed at initial PGNCS startup or when the 

contents of erasable storage are in question. 

If crew manual maneuvers are made during POO operation, care must be 

taken to avoid gimbal lock .. The IMU gimbal angles may be monitored by keying 

Vl 6 N20E (ICDU monitoring) or by monitoring the FDAI ball. 

5. 2. 3. 2 LGC Power Down Program (P06) 

To transfer the LGC from an operate to a standby state, the LGC power 

down program is selected. (See Fig. 5-4.) During LGC standby, PGNCS 

caution and warning indication with the exception of LGC warning are inhibited. 

The ISS shall not be powered down below standby (IMU STBY circuit breaker 

shall not be opened, except in extreme emergency) because removal of heater 

power can affect rss performance. 

5. 2. 3. 3 Powered Ascent Program (P12) 

Prior to ascent engine ignition, certain LGC-stored parameters associated 

with the powered ascent are displayed to the crew by this program for possible 

modification (See Fig. 5-5) . Also displayed to the crew prior to ignition are 

FDAI ball readings associated with early phases of ignition. This program also 

controls the countdown, ignition, thrusting and thrust termination of a PGNCS 

controlled APS powered ascent from the Lunar surface. 
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Fig. 5-4. LGC Power Down Program IP061 
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Fig. 5-5. Powered ascent program fP12HSheet I of 51. 
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5.2 .3.4 Rendezvous Navigation Program (P20) 

The rendezvous navigation program is used to control rendezvous radar 

operation and use of radar derived data during PGNCS operation. It provides 

control to point the radar at the CSM and provides ability to update either the 

LM or CSM state vector within the LGC on the basis of the RR tracking data. 

Entry into the program is made by Keying V37E 20E. (See Fig. 5-6.) 

Previous to this, the radar has been energized and checked out. 

The rendezvous navigation program maintains estimates of the CSM 

or LM state vectors during free-fall phases of the mission. During thrusting 

phases, the update flag is reset to terminate the state vector update process. 

Radar range, range rate, and tracking angle data are used by the LGC to up

date the selected vehicle state vector. 

One of the two vehicle state vectors can be updated by the tracking 

measurements. The decision of which to update is based primarily upon 

which vehicle has the most accurate initial state vector estimate, and which 

vehicle is controlling the rendezvous maneuvers. During rendezvous man

euvers, the LM state vector is the one usually updated in the LGC since the 

CSM orbit is normally well known and the LM is normally the active vehicle. 

However, the state vector to be updated can. be changed at any time during 

P20 operation by keying in V80E or V81E. 

The vehicle st~te vectors are updated by a powered flight navigation 

routine (average G routine) on the vehicle actively controlling and performing 

the rendezvous maneuvers. The passive vehicle estimate of the active vehi

cle state vector is updated by astronaut DSKY inputs of the active vehicle 

maneuvers received over the vehicle voice link. The passive vehicle then 

continues to process tracking data to update this state vector after the ma

neuver is made. This procedure is desired in order to maintain the most 

accurate estimate of vehicle state vectors at all times during a rendezvous 

phase. 
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Normally, the RR antenna mode selector is put into the LGC position for 

target acquisition. However, the astronaut may elect to use the manual mode 

(SLEW position) for acquisition. In either selection, the LGC will aid acquisition 

by computing the preferred attitude via R61. 

The preferred tracking attitude routine (R61) is used to compute the LM 

attitude, which enables RR tracking of the CSM and CSM tracking of the LM 

beacon. The first step in LGC control of the RR is determination of the LOS to 

the CSM. This is accomplished by taking the vector difference of the LM and 

CSM position vectors propagated to that time. If the range between the LM and 

CSM is greater than 400 nautical miles, an alarm is issued since the RR is unable 

to provide correct range information to the LGC (because of the ranging technique 

used in the radar). After successfully completing the range check, R61 is used to 

align the LM +Z-axis with the LOS. This routine re-computes the LOS and then 

calls the attitude maneuver routine to align the LM +Z-axis along the LOS. At 

this point, if the astronaut should decide to manually change the attitude, such as 

to roll about the Z-axis, it is essential that he recall R61 to insure that the Z-axis 

is aligned with the LOS before proceeding with the next step. This is done to insure 

a sufficient period of data taking for estimation of the RR angle biases before the 

angle between the RR antenna and the LM +Z-axis· reaches 30 degrees. During 

the RR data taking process, the LM is controlled to hold an approximately inertially 

fixed attitude by use of the 5 ° limit cycle. The data read routine (R22) is used to 

detect when the RR antenna is more than 30 degrees from the +Z-axis and causes 

. the +Z-axis to be re-aligned with the LOS, using R61. In addition to meeting the 

requirements for estimating RR angle biases, it is also essential that the attitude 

constraints be used because of the limited radiation coverage of the LM optical 

beacon which must be directed towards the CSM so as to enable the astronaut in 

the CSM to optically sight upon it. The beacon is centered with respect to the 

LM +Z-axis and has a beam width of approximately 60 degrees. 
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Having completed R61, the LGC checks to see if the RR auto mode discrete is 

being received from the RR. This discrete signifies that the RR is on and has 

been placed under LGC control (RR antenna mode selector to LGC position). The 

LGC then checks to see if the manual or search flag is present. The manual flag 

is set when R23 is selected and the search flag is set by R24 .. 

The designate routine points the RR for acquisition and upon acquisition the 

data read routine (R22) is entered for updating. The updating process involves 

computirig an estimated tracking measurement based on the difference between the 

current state vector estimates. This estimated measurement is then compared 

with the actual tracking measurement to form the measurement deviation. A 

statistical weighting vector is generated from a priori statistical knowledge of 

nominal trajectory uncertainties and tracking performance, plus a geometry 

vector, determined by the type of measurement being made . The weighting vector, 

is defined such that a statistical optimum linear estimate of the state deviation 

from the estimated trajectory is obtained when the weighting vector is multiplied 

by the measurement deviation. 

5.2.3.4.1 Power Up and Testing 

The initialization of P20 sets the controls to G&N basic with the following 

exceptions: 

CB RNDZ RDR (AC) - closed 

CB RNDZ RDR - closed 

CB SIG STR DISP - closed 

RA DAR TEST - RNDZ 

RNDZ RADAR MODE - AUTO TRACK 

The RR has then been switched from a standby to an operate state and the 

test circuit is actuated permitting testing of the radar without the presence of 

I \ 

-._.,! a cooperating transponder. The test circuit permits a check of transmitter power, 
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phase-lock at minimum signal level, angle error detection, AGC action, range 

and range rate measurement. Insertion of single values of range and range-rate 

permit quantitative checking via the displays. 

The self-check circuit is disabled when the radar is in the LGC antenna mode. 

When the RADAR TEST selector is set to the RNDZ position, a discrete is sent to 

the RR. This discrete is ANDed with another derived from the RNDZ RADAR MODE 

selector in either the AUTO TRACK or SLEW positions. This ANDing produces the 

self-test enable which activates the test oscillator. Modulation tones are super

imposed on the oscillator output. The carrier is frequency multiplied and the tones 

are phase shifted to simulate returned energy. 

To observe the test values on the SIGNAL STRENGTH meter, the TEST MONITOR 

switch is set to the following positions: 

a) RNDZ RADAR - AGC 

Displays fixed value 

b) RNDZ RA DAR - XMTR PWR 

Displays fixed value 

c) RNDZ RADAR - SHAFT ERR 

Displays amplitude equal to that displayed in TRUN ERR 

position. 

d) RNDZ RA DAR - TRUN ERR 

Displays amplitude equal to that displayed in SHAFT ERR 

position. 

Upon conclusion of testing, the RA DAR T ES'r switch is set to the OFF position, 

and the RNDZ RADAR MODE switch is set to the LGC position. 

5.2.3.4.2 Display Switching 

To provide radar monitoring displays during the RR operating state, controls 

have been set as follows: 
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SHFT /TRUN ~ switch - ±50° 

RATE / ERR MON switch - RNDZ RADAR 

RA DAR TEST switch - OFF 

TEST MONITOR RNDZ RA DAR switch - A GC 

X - POINT ER SCA LE switch - HI MULT 

ALT / RNG MON switch - RNG/RNG RT 

MODE SEL switch - PGNS 

Assuming an acquired CSM, the range and range rate are displayed by the RANGE 

and RANGE RA TE meters on the commander• s center panel. The X-pointer meters 

displays shaft rate on the ELEV RT FWD VEL scale and trunnion rate on the AZ RT 

LAT VEL scale. With the X-POINTER SCALE switch in the HI MULT position; the 

rates displayed are ±20 m radians / second. In the LO MULT position, it provides a 

display scale of ±2 m radians / second. 

Shaft and trunnion angles are displayed on the FDA! pitch and yaw error needles 

respectively. Fifty degrees or greater provides full deflection. Less than full 

deflection needle positions are linearly proportional to shaft and trunnion angles. 

If the SHFT /TRUN <switch is positioned to ±5°, full deflection will represent 5° 

or greater. 

5. 2. 3. 5 Ground Track Determination Program ( P21) 

To provide latitude, longitude, and altitude of the LM or CSM at a specific 

time (T Lat Long) without ground communication, the ground track determina-

tion program is called. (See Fig. 5-7 .) The output is the estimated location 

of the ~M or CSM by state vedtor extrapolation. Ten ~inut8 intervals 

of LM or C~M position from the ini~ial display are a~so availahle . 

5.2.3.6 LUNAR Surface Navigation Program (P22) 

The LUNAR Surface Navigation Program (P22) provides control of the RR to 

acquire and track the CSM while the LM is on the LUNAR Surface, to update the 

) CSM STA TE Vector on the basis of RR Tracking data, and to track the CSM without 

updating either vehicle state vector. (See Fig. 5-8.) This program is selected 
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Fig. 5-7. Ground track determination (P21) . 

5-56 

SET T LAT LONG . 
=PRESENT TIME 



KEY V31E22E 

IS SURFACE FLAG SET? 

NO 

SET UPDATE FLAG TO CSM 
SET LGC ASSUMED OPTION 
"()(XX)l 

SET VEHICLE UPDATE 
FLAG TO LM 

NO 
V22E 
LOAD 
DESIRED 
OPTION 

CALCULATE NEW CSM 
ORBIT AND UPDATE CSM 
STATE VECTOR 

DO IMU STATUS 
CHECK R-02 

SET RENDEZVOUS FLAG 
SET TRACK FLAG 
SET UPDATE FLAG 
RESET MANUAL ACQUIRE FLAG 
RESET SEARCH FLAG 
RESET THE R04 R.AG 
RESET THE NO RR MONITOR 
MONITOR FLAG 
RESET LOSCM FLAG 
RESET DESIGNATE FLAG 

FL V04N06 
00012 - OPTION CODE ID 
OOOOX - ASSUMED OPTION 
BLANK 

IS LGC ASSUMED 
OPTION • 00001 

YES NO 

FL V06N33 
Rl ·Tl G-HRS 
R2 • TIG-MIN 
R3 •Tl G-SEC 

V25E.. 
LOAD DESI RED 
TIG 

RESET CONTINUOUS DESIGNATE FLAG 
DISABLE RR ERROR COUNTERS 

-----~ l TO SHEET 2. 
Fig. 5-8. Lunar Surface Navigation IP2211Sheet l of 31. 

5-57 

I 

I 
Rev. V 



I 
IS TRACK 
FLAG SET? 

NO 

G 

GOTO 

ENTER 
HERE 
FROM 
R22 
OR 
R21 

YES 

TO SHEET 
3 

ENTER FROM SHEET 1 

HERE A i--------, 
FROM 
RR SEARCH 
ROUTINE R-24 

ZERO RR TRACKING MARK COUNTER 
ExTRAP<l.ATE LM AND CSM STATE 
VECTORS TO PRESENT TIME 

CALCULATE LOS VECTOR 
FROM LM TO CSM -
IS RANGE >GI NM? 

NO YES 

FL V05N09 
00526 

PROG LT ON 

FLAG SET? 

YES 

IS RR AUTO MODE 
DISCRETE PRESENT? 

YES NO 

KEY V32f' 
WAIT AS 
DESIRED 

c V34E 
OR V56E 

ENTER 
HERE 
FROM 

I 
SHEET 3 R-22 

DO TERMINATE 
TRACKING ROUTINE 

IR561 & EXIT 
P20/P22 

~ev. , v 

IS P20 OR P22 THE 
ON.. Y PROGRAM 

RUNNING? 

YES 

3 ,.._ ..... 

TO SHEET 
3 

DO TERMINATE 
TRACKING ROUTINE 

IR-561 & EXIT P2J>/P221 

NO 

PUT 
RR ANT . 
MODE 
SWITCH 
TOLGC 
KEY PRO 

FROM 
SHEET 
·3 

Fig. 5-8. Lunar surfKt navlgltlon (P22HShllt 2 of 31. 
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Fig. 5-8. Lunar surface navigation (P22l (Sheet 3 ~ 3} 
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by the astronaut by DSKY entry. 

5.2 .3. 7 Preferred Tracking Attitude Program (P25) 

If the rendezvous radar malfunctions to preclude proper operation of P20, the 

preferred tracking attitude program is selected to maneuver the LM to the preferred 

tracking attitude and to maintain the LM in attitude permitting CSM tracking of the 

LM optical beacon. (See Fig~ 5-9.) The desired attitude is defined by R61 to be 

the +Z - axis along the LOS to the CSM. The LM optical beacon FOV is a 30 degree 

half angle cone with the cone axis parallel to the LM +Z - axis. The program con

tinues to maintain the preferred tracking attitude until the astronaut selects termina

tion by V56E. 

5.2.3.8 LGC Update Program (P27) 

To insert update data into the LGC by digital uplink transmission or by DSKY 

Keyboard entry, the LGC update program is selected. Four categories of LGC 

update exist: ,. 
1) Increment LGC clock and TEPHEM (V70) 

2) Octal increment of LGC clock only (V73) 

3) Load capability for a block of sequentia~ erasable locations ( 1-18 inclusive 

locations whose address is specified) (V71) 

4) Load capability for 1 through 9 inclusive individually specified erasable 

locations (V72). 

Figure 5-10 ·illustrates the LGC logic for the manual entries. Automatic 

update has similar flow within the LGC, but astronaut actions are performed by 

uplink loading from the ground that maintains DSKY codes identical to DSKY Key

board originated codes. 

State vector updates for either the CSM or LM are made by the V71E. 
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Fig. 5-9. Preferred tracking attitude (P25). 
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Fig. 5-10. LGC update program (P27) (sheet. 1 of.~). 
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Fig. 5-10. LGC update program (P27) (sheet 2 of 3). 
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Fig. 5-10. LGC update program (P27)(sheet 3 of 3). 
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If a load is verified as correct, a V33E is keyed and the LGC transfers the 

load for computation. If the contents of one or more registers are in error, V34E 

may be keyed to terminate or the octal identifier of the register in error may be 

keyed in and its contents reloaded. This latter procedure may be repeated any 

number of times until all registers are correctly loaded and then PRO is keyed. 

With automatic update, the procedure is the same, except load verification is made 

via the digital downlink. 

To foad the LGC for an external delta V maneuver, the V71 entry is made. 

5.2.3.9 External Delta V Program (P30) 

To accept targeting parameters from a source external to the LGC, the 

external delta V program is selected. (See Fig. 5 - 11 .) It converts the impulsive 

change-in-velocity required for a maneuver to inertial components and computes 

perigee and apogee. The targeting parameters inserted into the LGC are impulsive 

delta V along LM local vertical axes at TIG and the time of IGNITION (TIG). 

These targeting parameters may be inserted into the LGC via digital uplink ( P2 7 

selection) or by DSKY Key in. 

5.2.3.10 Lambert Aim Point Guidance Program (P31) 

The purpose of the Lambert aim point guidance program (Fig. 5 - 12.) is to 

accept targeting parameters from a source outside the LGC and calculate from them 

the required velocity and other initial conditions for execution of the desired Lambert 

steering maneuver. The parameters loaded are the time of ignition, target vector, 

and time from ignition until target is reached . These are loaded from the ground by 

a prior performance of P2 7. From these par ameters the LGC computes and displays 

apogee and pe r igee altitudes, number of marks processed by R2 2, time to ignition, 

and IMU middle gimbal angle at ignition. 

5- 65 



I 

I 
Rev. v 

V25E 
RELOAD 
GET I 

RESET UPDATE FLAG 

COMPUTE NECESSARY 
DEPENDENT VARI ABLES 
FOR EVALUATION 
OF THRUSTING 
MANEUVER 

SET UPDATE FLAG 
SET EX'.rERNAL 
DELTA V FLAG 

V37Ell V37E OOC 

V71E. 

GO TO P27 

*NOTE: 
IN ROUTINE ROO SELECT 
A PROPULSION SYSTEM: 

1. DPS: P40 
OR 2. RCS: P41 

V37E n: 

SET TRACK FLAG. 
SET UPDATE FLAG. 

FL V06 N42 
HA, Hp, 
DELTA V 

CONSULT 
MSFN. ARE 
DISPLAYED 

PARAMETERS 
ACCEPTABLE? 

ARE 
DELTA V 

COMPO~NTS 
SAT ISFACTORY? 

V25E 
RELOAD 
DELTA V 

V37E XXE 
IS REFSMMAT FLAG SET? 

YES NO 

i eoMPUTE°IMTiGIMBAL ANGLE 
. AT IGNITION FOR THRUST 
~ALON~ LM +x AXIS. 

Fl Vl6 N45 
MARK CTR. 
TF GET I 
MGA 

PRO 

GO TO ROO. 

SET MGA DI SPLAY 
IN R3 TO -<XXJ02. 

OR 3. APS: P42 
Fig. 5-11. Externa l delta V program (P30). 

5-66 



-~ 

) 

V37EOOE 

V71E 

SHALL I 
UPDATE PARAM

ETERS? 

V37E 31E 

GOTO 
SELECTED 

PROGRAM. 

V37E 31E 

SET TRACK AND 
UPDATE FLAGS. 

FL V06 N33 
GET I 

PRO 

RESET UPDATE FLAG 
COMPUTE MANEUVER
DEPENDENT VARI ABLES . . 
RESET EXTERNAL 
DELTA V FLAG 

FL V06 N81 
AV fl.VJ 

PRO 
FL V06 N42 

APO ALT 
PER ALT 
AV 

•CONSULT WITH MSFN, 

YES 

COMPUTE IMU GIMBAL ANGLE 
AT IGNITION FOR THRUST 
ALONG LM +x AXIS •. 

IF AVAILABLE. IF NOT, 
WAIT UNTIL AVAILABLE 
OR CONTINUE WITHOUT 
GROUND VERIFICATION. 

NO 

SET MGA DISPLAY 
IN R3 TO -00002. 

FL Vl6 N45 
MARK CTR. 
TF GET I 
MGA 

PRO 

GO TO ROO. 

Fig. 5-12. Lambert aim point guidance program (P31). 
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5. 2. 3 .11 Co-elliptic Sequence Initiation Program ( P32) 

The co-elliptic sequence initiation program calculates all the required param

eters associated with all the concentric flight plan maneuvers, including the co-

elliptic sequence initiation (CSI), the constant delta altitude (CDH), and the transfer 

phase initiation (TPI). 

Upon entry into P32, the astronaut loads the parameters associated with con-

centric flight plan. (See Fig. 5-13 .) The LGC then computes the associated maneuver 

parameters. They are computed with the following restrictions: 

1) At a selected TPI time, the LOS from the LM to the CSM is selected to be 

a prescribed angle from the horizontal plane deftned at the active position. 

2) The perigee altitude of the orbit following CSI and CDH must be greater 

than 85 nautical miles (Earth Orbit) or 35,000 ft (Lunar Orbit). 

3;The time from CSI to CDH must not be less than 10 minutes. 

4) The time from CDH to TPI must not be less than 10 minutes. 

5) The CSI and CDH maneuvers are assumed to be parallel to the plane of 

the CSM orbit. 

6) The first maneuver (CSI) must be such that the impulsive t::,. V is in the LM 

horizontal plane defined at initiation of CSI. 

7) CDH delta V is selected to minimize the variation of the altitude difference 

between the orbits. 

If the restrictive conditions are not fully met, an alarm is issued and the flight 

plan maneuvers must be re-loaded. If they are met, the computed target parameters , 
are put on downlink and are also displayed on the DSKY. Upon approval of the target 

parameters, a decision is made on whether to incorporate present state vector (if P20 

is in process), and the final computation cycle is entered. The target parameters are 

re-computed and again inserted on the downlink. Approval of the final computed 

target parameters provides to memory the CSI target parameters for the selected 

thrusting program. 
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Fig . 5-13. Co-elliptic sequence initiation program (P32) (sheet 2 of 2). 
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5.2.3.12 Constant Delta Altitude Program (P33) 

The constant delta altitude program calculates all the required parameters 

associated with the concentric flight plan maneuvers, except CSI. . (See Fig. 5-14 .) 

Functionally, the procedural flow is similar to P32; and unless the inputs to P33 are 

changes from those values inserted in P32, the calculated parameters for the 

remaining maneuvers of the concentric flight plan will vary only slightly from those 

originally calculated and displayed due to the continuous radar updating. 

5.2 .3 .13 Transfer Phase Initiation Program ( P34) 

The transfer phase initiation program calculates the required delta V and 

other initial parameters required by the LGC for LM execution of the TPI 

maneuver. (See Fig. 5-15.) Functionally, the procedural flow is similar to P32; 

and unless the inputs to P34 are changed from the values inserted in P32 and/ or 

P33, the calculated parameters for the remaining maneuvers of the concentric 

flight plan will vary only slightly from those originally calculated and displayed due 

to the continuous radar updating. 

5.2 .3 .14. Transfer Phase (Midcourse) Program ( P35) 

Computation of the required delta V and other initial conditions required for 

LM execution of the next possible midcourse correction is performed by the trans

fer phase program. (See Fig. 5-16.) If the time to intercept (TF Int) is less than 

10 minutes, P35 is manually exited to P47 for monitoring of the manual maneuver . 

Program P35 resets the external delta V flag: thereby settina the 

conditions for lambert steering. Lambert steering computes the velocity required 

to travel from position one to position two given a fixed trajectory time of flight . 

5.2 . 3.15 DELETED 
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Fig. 5-14. Constant delta altitude program (P33) (sheet 1 of 2). 
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Fig. 5-14. Constant delta altitude program (PJJ) (shut 2 of 2). 
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Fig. S-15. Transfer phase initiation program (Pl•l(shHt 1 of 3). 
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Fig. 5-15. Transfer phase initiation program (P34) (sheet 2 of 3). 
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COMPUTE TRANSFER TRAJECTORY 
INITIAL CONDITIONS AND OTHER 
VARIABLES FOR TPI MANEUVER. 

RESET EXT 

IS FINAL FLAG SET? 

YES 

RESET NEW TARGET R.AG. 
SET UPDATE FLAG. 

HAS NEW DATA BEEN LOADED? 

NO YES 

SET NEW TARGET R.AG 

IS NEW TARGET R.AG SET? 

.NO YES 

CALCll.ATE NEW TARGET VECTOR 

Fl V06 N59 
4V lOSI 

PRO 

;;f- TO SHEET 2 

V25E 
LOAD DESI RED 
VALUES 

Fig. 5-15. Transfer phase initiation program (P34) (shHt 3 of 3): 
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Fig. 5-16 . Transfer phase midcourse program (P35)(sheet 1 of 2). 
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Fig. 5-16. Transfer phase midcourse program (P35)(sheet 2 of 2) . 
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5.2.3.16 DELETED 

5.2.3.17 DPS Program (P40) 

The DPS program provides PGNCS control during a descent propulsion 

system maneuver, including countdown, thrusting, and thrust termination. It 

computes a preferred IMU orientation and a pref erred LM attitude for the 

thrusting maneuver. It also calculates and displays the IMU gimbal angles which 

would result from the present · IMU orientation if the vehicle is maneuvered to 

the preferred LM attitude for thrusting. The. IMU has been in the operate state for 

at least 15 min. and the target paramete.rs have been calculated and stored by 

prior execution of a prethrusting program ( P3X). The required steering equa

tions have been identified by this prethrust program as either the lambert or 

external delta V steering. 
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Associated with any of the thrusting programs are the powered flight 

guidance routines. The objective of these guidance routines is to keep track 

of the vehicle state vector during thrusting maneuvers, and to control or steer 

the thrust direction such that the desired cut-off conditions are achieved. The 

powered flight navigation program used to maintain an estimate of the vehicle 

state vector during all thrusting conditions is ref erred to as the average G 

routine. The basic powered flight guidance concept used is a velocity-to-be

gained concept with cross product steering. All powered maneuvers controlled 

by the PGNCS autopilot are controlled by one of two major powered flight 

guidance programs which use the cross-product steering concept. The first 

of these major powered flight programs is the rendezvous intercept maneuver 

routine which is targeted from a lambert routine and is used to control TPI 

and the rendezvous midcourse correction maneuvers. The second is the ex

ternal delta V maneuver routine which is used for all other PGNCS controlled 

maneuvers. 

Program P40 is selected at least five minutes before ignition time. (See 

Fig. 5-19.) The update flag is reset via ROO to temporarily stop P~O 

state vector update process. For the initial thrust direction and value 

of VG, the preferred IMU orientation is computed. The IMU gimbal angles with 

the present inertial orientation and preferred vehicle altitude are then computed, 

and if the gimbal angles are unsuitable for thrusting, an exit is made to P52 to 

realign the IMU. If the gimbal angles are satisfactory for thrusting, the one degree 

deadband is set and a LM attitude maneuver is performed. The final LM attitude 

is computed to point the SCAXIS TO UNITX. 

Ullage is performed 7. 5 seconds before DPS ignition. 
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V37E«E 

DOES APS FLAG 
INDICATE 

THAT THE DPS HAS 
BEEN STAGED? 

NO YES 

DO IMU STATUS 
CHECK R02 

RESET NO THROffiE FLAG. 
COMPUTE INITIAL THRUST 
DIRECTION AND VG VECTOR. 
COMPUTE PREFERRED 
IMU ORIENTATION. 

SET PREFERRED ORIENTATION FLAG. 
ZERO AITITUDE ERROR AND SET l 
DEG DEAD BAND IN RCS OAP. 

DO 
AITITUDE MANEUVER 

IR601 

HAVE PGNS CONTROL & AUTO ATTITUDE 
CONTROL MODES BEEN SELECTED 

I I S THE AP S FLAG SET? 

YES NO 

HAS THE AUTO THROffiE 
MODE BEEN SELECTED 

YES. NO 

NO 
PRO 

no 

.__~,....--J FL V50N25 

l TO SHEET 2. 

00203 

GUID CONT - PGNS 
ATT CONT -AUTO 
THROTn.E 

SWITCH -AUTO 
PRO 

FL VOS N09 
01706 
PROG LT- ON 

yes 

Fit. 5-lt. DPS """"' ••Shlll 1 fl • 
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COMMAND DPS OFF, ZERO 
DPS AUTO THROmE 

DISPLAY 
V06~ 
TF GET I 
VG 
DELTAVM 

SET TDECl • TFI - J> SEC 

DO STATE 
VECTOR INTEGRATION 

ROUTINE IR411 'Jt{ 

NO TIG 
TIG ._S_L_I P ____ .... 

SLIP 

WAIT TILL 
TFI • - 35 SEC 

DEFINE TIG TO BE THE TIME 
TO WHICH R41 INTEGRATED THE 
LM STATE VECTOR PLUS J> SEC. 

AT TFI -35 SEC BLANK nsKY 
AT TFI -30 SEC RETURN DISPLAY 

PRESENT 
P .ROGRAft P 4 2? 

CALL AVE G ON 
AT TfI - J> SEC 

no 

NO 

AT TFI • ~ 7.5 SEC 
COMMAND 
+ X TRANSLATION 

Fig. 5-19. DPS prog111m IP«>) IShlll 2 ti .,, 
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FROM F ____ _., ,_w_ A_l_T_UN_T_IL ..... T_F_I ·_-_5_S_Ec_ 

R40 

RESET IGNITION FLAG 
RESET ASTRONAUT FLAG 
CALCULATE DURATION OF BU RN 
RESET IMPULSE FLAG 
IS TGO LES S THAN 6 SEC? 

NO 

IS TGO LESS THAN 95 SEC 
BASED ON ASSUMED l~ DP S 
THRUST 

SET IMPULSE FLAG 

NO 

SET ASTRONAUT FLAG 
IS IGNITION FLAG SET? 

NO 

COMMAND DPS ON . 

.___---11~ DI SPLAY 
V06 N~ 

TFC 
VG 
DaTA VM 

3 TO SHEET 
4 

SET NO THROffiE FLAG TO 
INHIBIT THROffiE COMMAND 
TO MAXIMUM ATTIG+ X SEC 

FL V99 N~ 
TFI 
VG 
DVM 

WAlT FOR INDlCATlON OF 
SUFFICIENT ULLAGE. 

SHALL I 
USE RCS FOR THIS 

MANEUVER? 

DO ROO 
EX IT P~ 

TO 
SHEET 4 

Fig. 5-19. DPS program IP~)(Sheet 3 of 41. 
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SEE DPS/APS . 
THRUST FAIL 

ROUTINE 
R40 

FROM 
SHEET 3 

NOTE: DURING THRUSTING 
Rl TFC DEC REAS I NG 
R2 VG DECREASING 

IDENTIFY 
EARLY, NORMAL 
OR LATE CUTOFF 

FROM OSKY DIS-
PLAYS 

NORMAL 

DISARM DPS 

FL Vl6 N40 

R3 DELTA VM INCREASE 

FROM 4 SHEET 3 

VG TFC l 
DEL.TA VM FINAL VALUES 

PRO 

ZERO ATIITUDE ERRORS, SET 0.3 
DEGREE DEADBAND LIMITS IN RCS OAP 

FL Vl6 N85 
VG X, Y &Z 

KEY PRO 

RESTORE SELECTED 
OAP DEAD BAND, ZERO 
RENDEZVOUS TRACK-
1 NG MARK COUNTER 

DO ROO 
EXIT 
P40 

Fig. 5 ~19. DPS program (P~I (Sheet 4 of 41. 
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5. 2. 3. 18 RCS Program (P41) 

The RCS program computes a preferred IMU orientation and a preferred 

LM attitude for an RCS thrusting maneuver. It will perform the vehicle man-

euver to the thrusting position or will provide suitable displays for manual 

execution in attitude hold. It also calculates and displays the gimbal angles 

which would result from the present IMU orientation if the vehicle is man

euvered to the preferred LM attitude for thrusting. The IMU has been in the 

operate state for at least one hour, and the target parameters have been cal

culated and stored in the LGC by prior execution of a prethrusting program 

( P3X). The required steering equations have been identified by this prethrust 

program as either lambert or external delta V steering. 

Program P41 is selected at least five minutes before ignition time. (See 

Fig. 5- 2 O.) 

5. 2. 3. 19 APS Program (P42) 

The APS program provides PGNCS control during an ascent propulsion 

system maneuver, including countdown, thrusting, and thrust termination. It 

computes a preferred IMU orientation and a preferred LM attitude for the 

thrusting maneuver. It also calculates and displays the IMU gimbal angles which 

would result from the present IMU orientation as the vehicle is maneuvered to 

the preferred LM attitude for thrusting. The IMU has been in the operate state 

for at least one hour, and the target parameters have been calculated and 

stored by prior execution of a prethrusting (P3X) program. The required 

steering equations have been identified by this prethrust program as either 

lambert or external delta V steering. 

Program P42 is selected at least five minutes before ignition time. (See 
-

Fig. 5-21.) Upon entry, the update flag is reset by ROO to temporarily terminate 

the P20 state vector update process. For the initial thrust direction, the 
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KEY V37E 41E 

COMPUTE INITIAL THRUST 
DIRECTION OF VG VECTOR. 
COMPUTE PREFERRED IMU 
ORIENTATION. SET PRE· 
FERREO.ATTITUDE COMPUTED 
FLAG ZERO ATTITUDE ERROR. 
SET 0.3 DEGREE RCS OAP 
DEAD BAND. 

DO ATTITUDE MANEUVER ROUTINE R60 

DI SPLAY 
V 16 N85 

VQ X.Y Z tLM\ 

SET TDECl • TIG - 30 SEC 

DO STATE 
VECTOR INTEGRATION 

ROUTINE R4l''A" 

WAIT UNTIL 
TFI = - 35 SEC 

ATTIG -35SEC 
BLANK DISPLAY 
FOR 5 SEC 

ATTIG = 30 SEC 
RETURN DSKY 
DISPLAYS AND 
CALL AVE G 

TO 
SHEET 2 

DEFINE TIG TO BE THE TIME 
TO WHICH R41 INTEGRATED 
LM STATE VECTOR PLUS 30 SEC. 

Fig. 5-20. RCS program (P4l)(sheet 1 of 2). 
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FROM 
SHEET 1 

WAIT UNTIL TIG-5 SEC. 
RESET IGNITION FLAG. 
RESET ASTRONAUT FLAG. 

WAIT UNTIL TIG-0 SEC. 
SET IGNITION FLAG. 
IS ASTRONAUT FLAG SET? 

NO 

FL Vl6 N85 
VGX (LM) 
VGY (LM) 
VGZ (LM) 

COMMAND 
MANUAL ROTATIONS 
AND TRANSLATIONS 

TO NULL VG COM· 
PON ENTS 

WHEN MANEUVER 
IS COMPLETED 
KEY PRO 

RESTORE ASTRONAUT· 
SPECIFIED OAP LIMITS. 
ZERO RENDEZVOUS 
MARK COUNTER. 

DO ROO 
EXIT P41 

NOTE: 

IN P41 ANSWER IS 
ALWAYS NO BECAUSE 
ASTRONAUT HAS NO 
V99 TO RESPOND TO 

Fig. 5-20. RCS program (P41) (sheet 2 of 2). 
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preferred IMU orientation is computed. The IMU gimbal angles with the present 

inertial orientation and preferred vehicle attitude are then computed, and if the 

gimbal angles are unsuitable for thrusting, an exit is made to P52 to re-align 

the IMU. If the gimbal angles are satisfactory for thrusting, the powered 

flight deadband of 1 ° is used and a LM attitude maneuver is performed. 

Ullage is performed 3. 5 seconds before A PS ignition. 

5. 2. 3. 20 Thrust Monitor Program (P47) 

If a thrust maneuver is performed without PGNCS control, P4 7 can be selected 

to monitor vehicle acceleration. It also displays delta V applied to the LM 

during thrusting. Monitoring for gimbal lock avoidance must be performed by 

the astronaut during this program. Program P47 is normally selected during 

the rendezvous final phase before the thrusting maneuver that is not PGNCS 

controlled. (See Fig. 5-22 .) Range, range rate, and theta may be displayed 

during this program by Keying V83E to call the rendezvous parameter display 

routine (R31.) 

5. 2, 3. 21 IMU Orientation Determination Program (P51) 

The IMU Orientation Determination Program is used to determine the 

orientation of the IMU. This program is performed after !SS start up or upon : I loss of REFSMMAT (known orientation). 

Upon entry into the program, the AOT is energized for R53 performance and 

a check is made of the ISS Operate flag to insure the IMU is energized. (See 

Fig. 5-23). Ordinarily, the astronaut would then decide upon one of two logic 

flows. Subsequent IMU alignment decisions are greatly simplified if P51 is 

performed in a manner that provides an inertially stabilized IMU at an orienta

tion facilitating future LGC programs. Hence, time and RCS fuel may be saved 
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V37E 42E 

IS THE APS FLAG SET? 

YES NO 

DO IMU 
STATUS CHECK 

COMPUTE INITIAL THRUST 
DIRECTION OF VG VECTOR. 
COMPUTE PREFERRED IMU 
ORIENTATION. SET PRE
FERREDATT-COMP FLG. 
ZERO ATIITUDE ERRORS. 

----.11.i R. V05 N09 
01706 

bo I 
WISH TO 
CONTINUE 

YES 

PRO 

IS PR~SENT 
PROGRAM P42? 

SET 1 DEGREE RCS OAP DB. 
RESET 3AXIS FLAG. ..._......__. NO 

D 
ATIITUDE MANEUVER 

ROUTINE R60 

HAVE PGNS CONTROL & AUTO ATIITUDE CONTROL 
~~ODES BEEN SELECTED 

IS THE APS FLAG SET 

YES NO 

HAS THE AUTO THROffiE 
MODE BEEN SELECTED 

YES 

SET: 
GUI D CONT - PGNS 
ATT CONT - AUTO 
PRO 

YES 

Fig. 5-21 APS PROGRAM (P42) (Sheet 1 of 4) 
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BLANK DSKY DI SPLAYS 

AT Tl'l ·JI SEC RETURN V06 N«J 
DISPLAYS. 

COMMAND 
APS OFF 

DISPLAY 
V06 N40 

TFI 
VG 
DaTAVM 

SET TDECl • 
Tfl- JI SEC 

DO STATE 
VECTOR INTEGRATION 

ROUTINE R41 X 
NO 
TIG SLIP 

WAIT UNTIL 
TFI • - 35 SEC 

CALL AVEG I IS PRESENT 
PROGRAM P42 TION ON AT T Fl- 30 SECONDS. 

YES 

DEFINE Tfl TO BE THE 
TIME TO WHICH Ml INTEGRATED 
THE LM STATE VECTOR + 30 SEC 

SET APS 

FLAG 

WAIT TILL TFI • - 5 SEC illl. 1-· -------

Rev. V 

RESET IGNITION FLAG & 
ASTRONAUT FLAG & IMPULSE 
FLAG. WILL ACTIVE STEERING 
BE ATTEMPTED DURING THIS 
MA~UVER? 

YES NO 

SET IMPULSE FLAG . 

2 TO SHEET 3 

FROM 
RC» DOES DaTAVM 

EXCEED 0.5 FPS? 

GO TO BACKUP 
PROCEDURES 

Fig. 5-21 APS PROGRAM (P42) (Sheet 2. of 4 ) 
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CHANGE VERB BUT RETAIN OTHER DI SPLAYS. 

FL V99 N40 
TF GET I 
VG 
DELTA VM 

ATTFI ·- 3.5SEC 
COMMAND + X 
TRANSLATION 

AT TFJ 40 SET IGNITION FLAG 

IS ASTRONAUT FLAG SET ? 

SET ASTRONAUT FilAG 

IS IGNITION FLAG SET ? 

YES 

SHALL I 
TRY TO 

COMPLETE 
MANEUVER 

WITH RCS 

NO YES 

YES 
ENTER 

'--~~-."'f 5 tO SHEET 

~--

COMMAND APS ON 
RESET PULSES FLAG 

V06 N40 
TFC 
VG 
DELTA VM . 

PRO 
IS IMPULSE FLAG SET 

YES 
PRO 

RESET IGNITION 
ASTRONAUT ·, AND IDLE 
FLAGS . RESET ULLAGE 
FLAG IN ~ SECOND 

RESET IGNITION, ASTRONAUT 
IMPULSE FLAGS. WAIT ~ SEC. 

RESET ULLAGE FLAG. 

Fig . 5- 21 APS PROGRAM (P42) (Sheet 3 of 4) 

NO 
V34E 

4 

RESET ULLAGE 
FLAG 

DO ROO 
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EARLY • 
CUTOFF 

FROM SHEET 3 

\PUSH • 
STOP 1B!J";r1TPN 
GO TO BACK-
UP PROCED'-
' U~ES • . 

CO'MMAN'D ZiRO ATTITCTDE AATE'S 
SET IDLE FLAG. · 
WAIT UNTI~ . CO~PU_T1ED. TIME OF 
OF CUTOFF. ' c-,' ... ' . . . : . \ 

FROM 
SHEET 

3 

COMMAND ENGINE OFFc , 
. COMMAN_D ZEf9 RATE~ 
SET DEADBAND • . 

' \.. 'MAINTAIN VG CALCULATIONS 
i' • ' 

FL Vl6N40 
TFC 

t l . LVG i' ·'1 , 

l : DELTA VM 
PRO 

SET 0.3 ~EGREE DB 

I , 

FL Vl6N85 
VG 
, I 

PRO 

ZERO RENDE'zvous ·'T· ' · CK ING 
MARK COUNTER\ ' SET DEADBAND 
EQUAL TO CONTENTS OF R03. 

'DO i RQQ : 

FROM 
SHEET 

3 

COMMAND ZERO RATES 
SET DB=CONTENTS OF R03 
RESET ULLAGE FLAG 

Fig. 5- 21 APS PROGRAM (P42) (Sheet 4of 4) 
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PROCEED 
TO ROO 

V37E 47E 

DO ST EV CTOR INT 
ROUTINE IR411 

NOTE: ENTR AT "B II 

START AVERAGE 
G INTEGRATION 

FL Vl6 N83 

6. VX, Y .. z (LM) 

PERFORM THRUSTING 
MANEUVERS AS DESIRED 

MONITOR FOAi TO 
AVOID GIMBAL LOCK 

PRO 

YES 
V32E 

NOTE: Rl, R2, AND R3 READ 
OCXXX> INITIALLY. 
THEY ARE UPDATED 
EVERY 2 SECONDS. 

Fig. 5-22. Thru s t monitor program (P47) 
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SHALL I 
COARSE ALIGN 
IMU TO 0, 0, 0 

GIMBAL 
ANGLES? 

ENTR 

V4l N22 

COMMAND ISS TO 
COARSE ALIGN MOOE 
RESET REFSM FLAG 

NO ATT LT ON 

COARSE ALIGN . 
COMMAND ISS TO 
RESUME ATTITUDE 
HOLD MOOE 

SHALL I 
MANEUVER LM 
TO POSITION 
IMU IGA IN A 
PREFERREn 
DIRECTION? 

V37E 5 lE 

IS ISS TURNEO 
ON? 

USE kHC 
TO ROTATE 

LM UNTIL PITCH 
AXIS IS IN 

PREFERRED 
DIRECTION 

USE RHC 
TO ROTATE 

LM UNTIL TWO 
STARS ARE 

VISIBLE 

NOATTLTOFF 

PROG 
LT. ON 

PERF:JRM R53 
FOR STAR NO. I 

PERFORM R53 
FOR STAR NO. 2 

EXIT "B" 

PERFORM 
R54 

EXIT 
"A" 

CALCULATE IMU INERTIAL 
ORIENTATION AS DEFINED 
BY STAR NO. 1 ANO NO. 2. 
STORE AS REFSMMAT 

SET REFSMMAT 
FLAG 

Fig. 5-23. IMU orientation determination program (P51 ) flow diagram. 
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if a preferred direction can be obtained with two stars visible in AQT· FOV. In 

which case, a coarse alignment would probably be performed to obtain 0, 0, 0, 

gimbal angles at this perferred direction. The coarse alignment, thereby, 

provides an inertially fixed platform in an orientation advantageous to future 

maneuvers and reading of the FDA! ball. 

The alternate logic flow normally taken is when a preferred direction is not 

known or is not desired. A maneuver is then made to obtain two stars in the 

AOT FOV and coarse alignment is probably not performed. 

In any logic flow case, sighting marks are then taken on two stars and the 

star vectors are used to calculate the !MU inertial orientation which is stored as 

refsmmat. 

5. 2. 3. 22 !MU Realign Program (P52) 

Alignment of the !MU from a known alignment to one of four orientations 

selected is accomplished within the !MU realign program. The four orientations 

are preferred, nominal, REFSMMAT or landing site. 

The preferred orientation is an optimum orientation for a previously calcu-

lated maneuver. The !MU stable member axes are inertially stabilized at an 

orientation closely aligned to the LM axes (that is, Xsm - XLM' Ysm - Y , 
- - LM 

and Zsm: ZLM). Within the thrus~ing programs P40, P41, and P42, the pre-

ferred orientation is calculated and the preferred flag set. The advantage of the 

preferred orientation is that the maneuver can be performed without excessive 

MGA and thereby avoid gimbal lock. 

The nominal orientation is an alignment of the stable member to local vertical 

providing a heads up alignment often more suitable for manual control. The Xsm 

axis is aligned to the geocentric radius vector, and the Ysm axis is aligned to the 

cross product of the geocentric ~adius vector and the inertial velocity vector. 
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It is assumed that some time prior to entry into P52 that the ISS in on and 

orientation determination (P51) has previously been performed. The present 

IMU orientation may differ from what it was aligned to due to gyro drift. 

Hence, P52 may also be selected for realignment. 

Upon entry into P52, the update and track flags are reset in ROO to tem

porarily terminate P20. (See Fig. 5-24.) In response to the IMU orientation 

selection request (FL V04 NOB, option code 00001), the astronaut loads the IMU 

orientation desired. If the preferred orientation is selected, the appropriate 

flag except for preferred, must be previously set by a thrusting program. If 

the REFSMMAT orientation is selected, coarse align routine (R50) is not 

performed as the system varies from the previous alignment only by gyro drift. 

With preferred or nominal orientation selected, coarse alignment is performed 

to inertially stabilize the platform at the selected orientation. The REFSMMAT 

flag is then also set as the preferred or nominal orientations are known 

orientations. 

A maneuver is then made to acquire the suitable stars for the fine alignment 

routine (R51). An internal star selection routine aids the selection of the best pair 

of stars for fine alignment taking into consideration the amount of propellant 

required for the attitude maneuver. The routine first selects a suitable star 

not acculted by the earth, moon, or sun which is closest to the center of the 

AOT FOV. The remaining stars, also not acculted by the earth, moon, or sun, 

are then checked to see if one is available which is separated from the first 

star by 50 ° to 100 °. If two stars are unavailable, a program alarm is flashed. 

If they are available, the star codes are flashed in the beginning of fine alignment 

by the automatic optics positioning routine (R52). 
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STORE T(LAND) 
IN T(ALIGN) 

Rev. III 

TO 
SHEET 

2 

V37E 52E 

PERFORM 
R02. 

IS PREFERRED Alli -
TUDE FLAG SET? 

YES 

SET OPTION CODE 
IN R2 TO lmll. 

NO 

SET OPTION CODE 
IN R2 TO lml2. 

FL V04 N06 
lmll 
ASSUMJ:D OPTION• 

V22E 
RELOAD 
OPTION 
CODE 

•OPTION CODES 

00000 
00004 

CHECK STORED OPTION· 

lmll 

lmll •PREFERRED 
lml2 • NOMINAL 
lml3 • REFSMMAT 
00004 •LANDI NG SITE 

____ _, lml2 lml3 
'------~ 3 TO SHEET 3 

STORE IXXXlO FOR 
DISPLAY AST ALIGN 

V06 N34 
T IALI GN) 

"-------' 

2 TO SHEET 2 

V25 E 
LOAD 
DESIRED 
T (ALIGN> 

Fig. 5-24. IMU l'llllgn progl'lm IP52Hshllt l ri 3). 
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FROM 
SHEET 1 

IS T(ALIGN) DEFINED 
ZERO OR NEGATIVE? IS NOMINAL ORIENTATION 

OPTION CODE 1000021 STORED? 
YES 

DEFINE T(ALIGN) 
= T PRESENT 

2 t----. 

FROM 
SHEET 1 

NO 
YES 

STORE T(ALIGN) 
IN T (LAND) 

COMPUTE GIMBAL ANGLES 
AT DESIRED IMU ORIENTATION 
AND PRESENT VEHICLE 
ATIITUDE 

COMPUTE GIMBAL ANGLES 
AT SELECTED ORIENTATION 
AND PRESENT LM ATIITUDE. 

DO 

FL V06 N22 
OG 
IG 
MG 

I WISH TO 
MANEUVER 

VEH I CLE TO AN 
ATI WHICH Will 
IMPROVEMGA 

TO SHEET 3 

V25£ 
RELOAD 
LANDING 
SITE 
DATA 

NO 

FL V06 N89 
LAT (LSI 
LONG /2 (L SI 
ALT (LSI 

ARE 
LANDING SITE 
COO RD I NA TES 

CORRECT? 

.___ ___ ,NO 
YES 
PRO 

COMPUTE LANDING SITE 
ORIENTATION AT DESIG
NATED TIAL I GNI. SELECT 
THIS ORIENTATION FOR 
GIMBAL ANGLE COMPUTATION. 

TO 
SHEET 3 

fig. 5-24. IMU realign program IP52)(sheet 2 of 31. 
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FROM 
SHEET 2 

SET REFS MMAT FLAG 
RESET PREFERRED ATT 
COMPUTED FLAG 

DO FINE ALIGN 
ROUTINE IR5U 

FROM 
SHEET 2 

COMPUTE TORQUING ANGLES 
FOR NEW ORIENTATION. 
RESET REFSMMAT FLAG 
RESET DRIFT FLAG 

PULSE IRIGS THROUGH 
TORQUING ANGLES. 

DI SPLAY 
Vl6 N20 

OG 
lG 
MG 

DEFINE REFSMM.AT. SET PREFEBRED 
ATT-COMPUTED FLAG . SET REFSMMAT, 
AND DRIFT FLAGS. 

FL V50N25 
----- 00014 

DO I 
WISH TO 
FINE ALIGN 

? . 

DO ROO 

Fig. 5- 24 IMU REALIGN PROGRAM (P52) (Sheet 3 of3) 
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5. 2. 3. 23 Lunar Surface Align Program (P57) 

While on the surface of the moon it will be necessary to align or realign the IMU 

to one of two types of orientation; landing site orientation or preferred orientation. 

There are several methods available to the crew for completing an IMU alignment. 

The resultant accuracy of the IMU to the specified desired orientation is dependent upon 

the mode of alignment which the crew selects. 

This program is selected by DSKY entry. It will normally be selected to perform 

an alignment of the IMU immediately after landing on the Lunar surface. (See Fig. 5-25: 

5. 2. 3. 24 Braking Phase Program (P63) 

The braking phase program calculates the required time of DPS ignition and the 

initial conditions required by the LGC for a PGNS Controlled, DPS Executed, Braking 

phase of the Powered Landing Maneuver. (See Fig. 5-26). This program also controls 

the PGNS during countdown, ignition and thrusting of the powered landing maneuver to 

obtain the desired aim conditions for the Braking Phase, and indicates the successful 

accomplishment of the braking phase to the crew by automatic selection of the approach 

phase program (P64). 

5. 2. 3. 25 Approach Phase Program (P64) 

This program controls the PGNS during the thrusting of the landing maneuver from 

the period immediately after completion of the braking phase aim conditions (HI GATE) 

until the completion of the approach phase aim conditions (LO GATE). Control of the 

DPS thrust and attitude to provide the crew with landing site visibility and to provide 

the crew with the capability to redesignate the landing site are also functions performed 

by this program. (See Fig. 5-27). 

Successful accomplishment of the LO GATE conditions is indicated by automatic 

selection of the Auto Landing Program (P65). 

This program (P64) is automatically selected at the completion of the HI GATE 

aim conditions ( P6 3 ). 
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V22E 
LOAD 
DESIRED 
OPTION 

DEFINE DESIRED 
IMU ORIENTATION 
TO BE REFSMMAT 

TO 
SHEET 2 

1 

SET CB AOT LAMP - CLOSED 
V37E 57E 

!SISSON? 

YES 

SET IMUSE FLAG 

SET LGC ASSUMED OPTION 
CODE FOR IMU ORIENTATION 
= 00003 (REFSMMAT) 

IS 
THIS THE 

DESIRED IMU 
ORIENTATION 

YES 
PRO 

IS LGC ASSUMED 
OPTION = 00002 

NO YES '-----.... 
IS ASSUMED OPTION = 00003 

YES 

DO 
I WISH TO 
ALIGN TO 

ORIENTATION 
DEFINED BY 

YES TIALIGNI 

PRO 

TO SHEET 
2 

YES 

V25E 
LOAD DESI RED 

TIALIGNI IN 
Rl, R2, R3 

PROG LT ON 

FL 
V06N34 
GET(ALIGN) 

Rev. III 

Fig. 5-25. Lunar surface align program (P57)(sheet 1 of 5). 
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IS HALIGNI 
DEFINED TO BE 
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IS T(ALIGN) TO BE 
> PRESENT TIME? 

NO YES 
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--~-

V22E 
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SET OPTION CODE 
TO 00000 
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00010 OPTION CODE ID 
OOOXX OPTION CODE 
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LOAD DESIRED 
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I S OPTION <XXX>2 
OR IXXl03 

NO 

V34E 
RSET 

TO SHEET 
3 

FROM SHEET l 
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SHEET l 
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3 TO SHEET 
3 
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00000} LM ATIITUDE 
<XXXll WITH RESPECT 

TO LUNAR 
SURFACE OR 
REFSMMAT IS 
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<XXXl2 TWO CELE S Tl AL 
BODIES ARE 
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DO ROO 
EXIT P57 Fig. 5-25. Lunar surface align program (P57)(sheet 2 of 5) . 
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2 
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3 
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SHEET 
2 

COMPUTE & STORE 
LM ATT. - SET 
ATT FLAG 

SET INITIAL 
ALIGN FLAG. 
I S OPTION CODE 
OIXXll or 00003 

NO YES 

COARSE AL I GN I MU. TO 
OG•+42 IG·-42 
MG • +3S. 2 5 DEGREES 
DETERMINE GRAVITY VECTOR 
AND STORE 

COARSE AL I G~ I MU 
THROUGH 180 ABOUT 
GRAVITY VECTOR 

DETERMINE NEW GRAVITY 
VECTOR & STORE -
DEFINE UNIT LUNAR GRAVITY 
VECTOR TO BE UNITIZED 
SUM OF G1 & G2 

TO SHEET 
4 

FL V06 004 DIFFERENCE BETWEEN 
:~~~ ~w & a.o GRAVITY VECTORS 

BLANK 

DO 
I WISH 

TO COMPLm 
ALIGNMENT? 

PRO 

Fig. 5-25. Lunar surface align program (P57)(sheet 3 of 5). 

5-106 



) 

FROM 
SHEET 
3 

IS THE ATI FLAG SET? 

FROM 
SHEET 
5 

YES NO 
,------1 8 FROM 

7 1---..... 

OBTAIN IMU 

RESET INITIAL 
ALIGN FLAG 
IS OPTION CODE 
00002? 

NO 
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FOR OPTION 0000 
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00003? 

YES 

OBTAIN IMU 
ALIGNMENT 
VECTORS FOR 
00001 

TRANSFORM VECTORS 
TO DESI RED IMU 
COO RD I NA TES 

DO SIGHTING 
DATA DI SPLAY 
ROUTINE (R541 

YES 

DO LUNAR 
SURFACE 
SIGHTING MARK 
ROUTINE R-59 
OBTAIN IMU 
ALIGNMENT 
VECTORS FOR 00003 

EXIT "B" EXIT "A" 

IS INIT-
IAL FLG SET? 

YES FLV06N93 

SHEET 
5 

DO LUNAR SURFACE 
SIGHTING MARK ROUTINE 
R-59 FOR lST & 2ND 
CaESTIAL BODY 
OBTAIN IMU ALIGNMENT 
VECTORS FOR OPTION 
00002 

INITIAL 
FLAG 
SET ? 

X, Y, Z GYRO NO YES 
FL V06N22 

OG 

6 TO 
SHEET 
5 

.___...,.ANY TORQUING ANGLES 
>THAN 5 DEGREES? 

NO YES 

PULSE IRIGS 
TO DES I RED ANGLES 

COARSE ALIGN 
IMU TO DESIRED 
GIMBAL ANGLES 

TO 
SHEET 
5 

Fig. 5-25. Lunar surface align program (P57)(sheet 4 of 5). 
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TO 
ABOVE 

SHEET 
4 

Rev. III 
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SHEET 

4 

STORE NEW REFMMAT 
AND SET REFMFLAG 

IS OPTION CODE 
00000? 

NO 

IS INITIAL 
ALIGN FLAG SET? 

NO YES 

COMPUTE AND 
STORE PRESENT 
LM ATI IN 
MOONFIXED 
COORDINATES 

SET ATI FLAG 
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IXX>l4 

DO 
I WANT TO 
TRY THE 

ALIGNMENT 
AGAIN OR 
CHECK THE 
It.I ALIGN 

FROM 
BELOW 

IS OPTION CODE = 00002 

NO 

DO ROO 
EXIT P57 

YES 

CALCULATE 
PRESENT LM 
LUNAR SURF!i.CE 
POSITION VECTOR 

r----------..... FL V06N 89 
LAT 

V25E 
LOAD 
NEW 
DATA 

IS OPTION CODE__, 

IS 
DISPLAY 

ACCEPT 
ABLE ? 

LONG/2 
ALT 

YES 
PRO 

CALCULATE AND 
STORE NEW VALUE 
OF R-LS IN MOON 

FIXED COORDINATE 

r-~~~~~-'YES 

RESET INITIAL 
ALIGN FLAG ' 

TO SHEET 4 

TO SHEET 

• 
Fig. 5-25. Lunar surface align program (P57)(sheet 5 of 5). 
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V37E63E 

~-) DO R02. SET DPS DELTA V THRESHOLD FOR USE BY R40. SET DELTA 

) 

V COUNTER = 4 . REMOVE RR TRACK ENABLE . RESET NO THROTTLE, RE 
DESIGNATION, AND LR BYPASS FLAGS . SET MUNFLAG. RESET P25, AND 
RENDEZVOUS FLAGS. 

CALL IGNITION ALGORITHM 

NO 

PRO 

SELECT REFSMMAT 
AS FINAL DESIRED 
IMU ORIENTATION 

DO INFLIGHT 
IMU ALIGN 
ROUTINE (R5ll 

SET STILLBADH AND 
STILLBADV REGISTERS 
= 2 . SET L, M, R, 
AND S COUNTERS= O. 

TO 
SHEET 2 

GOOD 
EXIT 

FLV06N6l 
TG 
TF GET I 
CROSS RANGE 

PRO 

ALARM 
EXIT 

PROG LT - ON 

RESET EVENT TIMER WITH TFI 
FLV50N25 

00014 

[~et l DEGREE DEADBAND 

DO ATI MANEUVER) 
ROUT I NE (R -60) 

IS THE LAND I NG RADAR 
IN DESCENT POSITION (fl) 

NO 
PUT LGC 

NO 
FLV50N25 

00500 

ANT SWITCH 
TO "DES" THEN 
TO "AUTO" 
PRO 

Fig . 5-26. Braking phase program (P63)(sheet l of 4). 
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FROM SHEET 1 

HAVE PGNS CONTROL ~ 
AUTO ATI CONTROL 
MODES BERN 
SELECTED ? 

NO YES 

GUI D CONT - PGNS 
MODE CONT - AUTO 
THR. CONT - AUTO 
PRO 

ENTR 

COMMAND DPS OFF 
ZERO DPS AUTO 
THROffiE 
DO R4l"A' 

IS APS FLAG SET? 

NO YES 
.--~~~~~~~. 

HAS AUTO THROffiE 
MODE BEEN SELECTED? 

NO YES 

V06N62 
VI 

AT TIG -35 SEC 
BLANK DSKY FOR 
5 SEC 

ATTIG • -30 SEC 
RETURN V06N62 DI SPLAY 
CALL AVEG AT TFl~-Z9 SEC 

TO SHEET 
3 

TF GET I 
DaTA VM 

IS 
THRUST 

COMMANDED 
INDICATOR 
AT~ 

ND I CATION?, 

UPDATE EVENT TIMER 
SET TfTCA TO Ml N THRUST POSITION 
ARM DPS 

GO TO BACKUP 
PROCEDURES 

F ig . 5-26. Braking phase program (P63)(sheet 2 of 4). 
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ATTFI · -7.5SEC 
COMMAND 
+X TRANSLATION 

AT TFI •5SEC 

FROM SHEET 2 

F t--------

FR0~11 

R40 
RESET IGNITION AND 
ASTRONAUT FLAGS. 

WAIT UNTIL TFI - 0 

SET IGNITION FLAG 

IS ASTRONAUT FLAG SET ? 

YES NO 

FL V99N62 

YES 
PRO 

SET ASTRONAUT 
FLAG 

IS IGNITION 
FLAG SET ? 

YES 

COMMAND , DPS ON . 
RESET P.ULSES FLAG. 

TO SHEET 4 

NO 

RESET ULLAGE 
FLAG 

DO ROO 

Fig . 5 - 26. Braking Phase Program (P63) (SHEET 3 of 4) 
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3· FROM SHEET 3 

V06N63 
VI 
HDOT 
H 

• 

SET ABORT ENABLE AND LANDING 
ANALOG DISPLAYS FLAGS . RESET 

1
PULSES, . IDLE, IGNITION AND 
ASTRON:AUII' FLAGS . RESET ULLAGE 
FLAG IN 0 . 5 SECOND . 

, . 
AT 'TIG + "ZOOMTIME" COMMAND 
MAXIMUM THROTTLE . 

I CALL Rl3 I 

COMMENCE POWERED LANDING 
GUIDANCE. 

1 

WAIT UNTIL TG IS LESS THAN 
"TENDBRAK" . 

1 

TERMINATE P63 AND GO TO 
APPROACH PHASE PROGRAM (P64) . 

Fig. 5 - 26. Braking Pha s e P r ogram (P63) (She et 4 of 4) 
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SET REDES -· 
I GNAT ION 
FLAG. 

HAVE ANY MANUAL 
LPD COMMANDS 
BEEN ISSUED 
SINCE LAST PASS? 

CALCULATE NEW 
AIM POINT. 
TRANSFER 
AIM CONDITIONS TO 
NEW AIM POINT 

DISPLAY P64 

AUTOMATICALLY SELECTED BY P6 3. 
·sET 0.3 DEGREE DEADBAND. 
RESET HH.:T-;ESEIGNA'. ' ION FLAG . 

COMMENCE POWERED LANDING GUIDANCE 
USING LO-GATE AIM CONDITIONS 
CALCULATE LPD FOR THE DESIGNATED 
LANDING SITE 

YES 

FLV06N64 
TR/LPD 
H DOT 
H 

DO 
I WISH TO 

EXE RC I SE THE 
LPD 

CAPABILITY? 

PRO 

NO 

XXBXX 

CONTINUE POWERED LAND I NG 
GUI DANCE, CALCULATE 
LPD FOR THE PRESENTLY 
DESIGNATED SITE 

DISPLAY 
V06N64 
TG/LPD 
H DOT 
H 

IS TR 
= ZF.RO 

NO YES 

Fig. 5-27. Approach phase program (P64). 
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5. 2. 3. 26 Landing Phase (AUTO) Program (P65) 

Control of the PGNCS during the thrusting of the powered landing maneuver from 

the period immediately after completion of the approach phase aim conditions (LO 

GA TE ) until touchdown on the Lunar surface is the function of the Landing Phase 

(AUTO) Program (P65). (See Fig. 5- 28). 

This program is automatically selected by the approach phase program (P64) at 

the completion of the LO GATE aim conditions. 

5. 2. 3. 27 Landing Phase (ROD) Program (P66) 

The purpose of this program is to provide the capability to modify the rate of de-

scent of the LM in response to astronaut originated inputs via the LM Rate of Descent 

switch. (See Fig. 5-29). Modification of the spacecraft attitude in response to astro-

naut originated inputs if the attitude control switch is in the attitude hold position is also 

provided by this program. In the absence of manual control inputs P66 maintains a 

constant rate of descent and the LlVi inertial attitude. 

This program is automatically selected by the landing auto modes monitor routine 

(R13) during powered landing when either attitude control is first transferred to man-

ual, if the throttle control remains AUTO or any time auto throttle control is selected 

during Landing (manual) Program (P67). 

5. 2. 3. 28 Landing Phase (MANUAL) Program (P67) 

This program (P67) updates the LM state vector with vehicle acceleration and land-

ing radar data during a non-PGNCS controlled landing maneuver. It also provides for 

the display of the LM Horizontal Velocity (V) with respect to the presently designated 

landing site, the present rate of change of altitude. (H dot) and the present altitude of 

the LM above the Lunar radius at the designated landing site, during a non- PGNCS con

trolled landing maneuver. (See Fig. 5-30). 

This program is automatically selected by the landing auto modes monitor routine 

(R13) at any time during the powered landing maneuver when the throttle is manual 

(Throttle switch put to manual position). 
-

5-114 



) 
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------·-·-----~ 

A UT OMA Tl CALLY SELECTED BY 
APPROACH PHASE PROGRAM 
AT COMPLETION OF LO GATE 
AIM CONDITIONS 

CHANGE PROGRAM DI SPLAY TO 65 

REMOVE INHIBIT OF X-AXIS 
OVERRIDE OPTION IN THE OAP 

,------- V06 N60 
V IHORI Z) 
H DOT 1 

I 

COMMAND 
ZERO ATT 
ERRORS AND 
RATES. 

I 
I 

H 

START AUTOMATIC DESCENT. 
MAINTAIN LM +x AXIS PARAL
LEL TO LM POSITION VECTOR 
AND THE RATE OF DES CENT 
AT 3FT/SEC 

MONITOR DSKY 
WHEN H" FT 
OBSERVE TRACKER 
FAIL LIGHTTO 
COME ON INDICA
TING THATLR IS 
NO LONGER RE
TURNING GOOD 
DATA 
when H :::: 4,4 ft. Lunar 
CONTACT LIGHT COMES 
ON. PUSH ENGINE STOP 
SWITCH WHEN LANDING 
HAS BEEN COMPLETED 

L--------NOTE: A PRO 1 

OR ENTER 
AT THIS 
POINT 
CAUSES 
RECYCLE 

FINISHFD 
WITH THIS 
DISPLAY 

? YES 
V37E68E 

DO ROO 
EXIT P65 

Fig. 5-28. Landing Phase Program (P65). 
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AUTOMATICALLY SELECTED 
BY LANO I NG AUTO MODES 
MONITOR ROUTINE (Rl31 
(A) IF ATT CONTROL SWITCH 

IS PUT IN ATT HOLD POSI
TION ANO THE THROffiE 
SWITCH REMAINS IN AUTO 

(8) ANY TIME AUTO THROffiE 
IS SELECTED OURI NG MANUAL 
LANDING PROGRAM (P67) 

DO STOPRATE. 
REMOVE INHIBIT OF X-AX I S 
OVERRIDE OPTION IN THE OAP. 
SET DES I RED H DOT •ACTUAL H DOT. 

DISPLAY 
V06 N60 
V HORIZ •. 
H DOT 
H 

RETA RO 
THRUST/CONTROLLER 
TO Ml N. GRAOUALL Y 

MONITOR THRUST 
I NO I CATOR TO 

I NS URE CONSTANT 
THRUST/CHAMBER 

PRESSURE. 

MONITOR RATE OF DESCENT 
INPUTS TO LGC. COMPUTE 
REQUIRED CHANGE IN 
THROffiE SETTING FOR . 
PRESENTLY DES I RED ROD 
COMMAND REQUIRED 
THROffiE SETTING 

WHEN H •. FT. 
TRACKER LT ON 
WHEN H .. 4.4 FT 
LUNAR CONTACT LT ON 
PUSH ENGINE STOP SWITCH 
WHEN LANO I NG IS COMPLETE 

V37E 68E 

DO ROO 
EXIT P66 

Fig. 5-29. Landing phase rate of descent program (P66) 
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AUTOMATICALLY SELECTED 
BY LANDING AUTO MODES 
MONITOR ROUTINE (Rl31 WHEN 
THROffiE SWITCH IS PLACED 
IN MANUAL POSITION. ONCE 
THIS PROGRAM IS SELECTED 
COMPLETa Y AUTOMATIC LANDI NG 
PROGRAMS CANNOT BE RETURNED TO. 

REMOVE INHIBIT OF X-AXIS . 
OVER RI DE OPTION IN THE OAP. 
DO STOPRATE. 

V06 N60 
V HORIZ 
H DOT · 
H 

WHEN LGC CALCULATED 
ALTITUDE IS< 

WHEN H • 
JRACKER LT ON 
WHEN H "' 4. 4 FT 
LUNAR CONTACT LT ON 
PUSH ENGINE STOP SWITCH 
WHEN LAND I NG IS COMPLETE 

V37E 68E 

DO ROD 
EXIT P67 

Fig. 5-30. Landing phase (manual) program (P67) 
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5.2 .3 .29 Landing Confirmation Program (P68)1 

This program (P68) terminates the Landing Programs and DAP functions, and 

initializes the LGC for Lunar Surface Operation. This program is selected by the 

astronaut by DSKY entry and is to be selected only after the LM has landed on the 

Lunar Surface (See Fig. 5-31). 

5.2 .3 .3 0 DPS Abort Program (P70) 

The DPS Abort Program (P70) controls the PGNCS during the attitude 

maneuver, DPS engine ignition, thrusting, thrust termination from 

the powered landing maneuver or from a manually initiated and 

controlled DPS ABORT. (See Fig. 5-32). 

This program may be called in two ways; by the abort push button or by keying 

in V37E70E. 

5.2.3.31 APS Abort Program (P71) 

The function of th_e APS Abort Program (P71) is to control the PGNCS during 

the attitude maneuver, APS engine ignition, thrusting, and thrust termination from a 

PGNCS controlled DPS ABORT (P70) or a manually initiated and controlled APS 

ABORT. (See Fig. 5-33 .) 

This program may be called by the abort stage pushbutton or by keying in 

V37E 71 E. 

5.2.3.32 CSM Co-Elliptic Sequence Initiation (CSI) TARGETING (P72) 

This program calculates the parameters associated with the following con-

centric flight plan maneuvers for CSM execution of the maneuvers under control 

of the CSM; Co-elliptic sequence initiation (CSI) and the constant delta altitude 

maneuver (CDH). Calculation o"f these parameters is based upon maneuver data 

approved and keyed into the LGC by the astronaut. Ground dependent variables 

associated with the concentric f~ight plan maneuvers are displayed for approval 

by the astronaut or ground. (See Fig. 5-34 .) 
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V37E 6BE 

ZERO ATTITUDE ERRORS 
SET PULSF.S FLAG 
SET SURFACE FLAG 
RESET ABORT ENABLE FLAG 
SET APS FLAG 
RESET LANDING ANALOG DI SPLAYS FLAG 
SET LR BYPASS FLAG 
STORE PRESENT POSITION VECTOR AS 
LANDING SITE IN LUNAR FIXED COORDINATES 

FL V06 N43 
LAT 
LONG 
ALT 

PRO 

COMPUTE & STORE PRESENT 
LM ATTITUDE WITH RESPECT TO 
LUNAR SURFACE 

SET ATTITUDE FLAG 

DO ROO 
EXIT P68 

Fig. 5-31. Landing Confirmation Program IP681. 

5-119 

I 

Rev. V 



I 

YES 

KEY IN 
V37E 7<1 

IS P70 ALREADY 
OPERATING? 

NO 

IS ABORT 
ENABLE FLAG 

SET? 

NO YES 

OPR ERR LT ON 

EXIT P70 
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NO 
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Rll A ~-----. 
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DO I 
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SEl.ECT P70 BY 
ABORT 
PUSH BUTTON 
OR BY DSKY 
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ABORT 
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P71? 
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RESET DESIGNATE 
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CONTINUOUS 
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TO 
SHEET 

2 

SET APS FLAG SET LR BYPASS FLAG. 
SET RIO FLAG. REMOVE 
DI SPLAY INTERNAL 
DATA DISCRETE AND 
DI SABLE RR ERROR 
COUNTERS AND RE
START RlO 

RESET ll.LAGE AND X-AXIS 
OVERRIDE INHIBIT FLAGS 

TERMINATE TVC 
H<l.D INERTIAL VEHICLE ATTITUDE 
ENABLE CURRENT GUIDANCE DISPLAYS 
SET • V COUNTER • 4, RESET I OLE FLAG 
SET 4-JET TRANSLATION FLAG 

IS PRESENT PROO 
P70? 

NO YES 

DEFINE TFI TO BE PRESENT TIME MINUS 
ACTUAL TIG FOR POWER DESCENT, 
DEFINE ABORT BURN TGO EQUAL TO TF I, 
SET APS ABORT CONTINUATION FLAG 

2 TO St££T 2 

Rev. V 

Fig. 5-32. DPS Abort Program (P70) (Sheet 1 of 6) 
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FROM SHEET l 

RESET ABORT ENABLE FLAG, 

SET AV 
MONITOR THRESHOLD TO ASCENT 
STAGE VALUES 

YES 

SET INITIAL 
TGO FOR ABORT 
BURN TO BE 
TWICE THE TGO 
MOST RECENTLY 
COMPUTED 

TO 
SHEET 

3 

IS APS ABORT 
CONTINUATION 
FLAG SET? 

NO 

DEFINE INITIAL TGO FOR ABORT 
BURN TO BE PRESENT TIME 
MI NUS ACTUAL Tl G FOR 
POWER DESCENT 

SET VERTICAL 
RISE FLAG 

SET ROTATION 
FLAG ,,SET OPS 

THROmE TO 
MAXIMUM 

4 TO SHEET 3 

2 

FROM SHEET 1 

fig. 5-32. DPS Abort Program (P70) (Sheet 2 of 6) 
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FROM 
SHEET 5 
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SHEET 2 

FROM 
SHEET 2 

HAVE PGNS AND AUTO 
CONTROL MODES BEEN 

SELECTED? 
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IS APS Fl AG 
SET? 

NO 

HAS AUTO 
THROmE 
MODE BEEN 
SELECTED? 

YES NO 

YES 

ENTR 

SET DPS ENGINE 
THROmE TO MAXIMUM 

CALCULATE THE 
PRESENT DES I RED 
THRUST VECTOR TO ACC. 
THE ABORT ASCENT. 

I S THE VERTI CAL 
RI SE FLAG SET? 

NO 

5 

TO SHEET 4 

YES 

H GREATER 
THAN 25,IXX> FT 

NO 

NO 

FL V50 N25 
00203 

NO 

GUID COHT-PGNS 

MODE CONT-AUTO 

THROTTLE SW
AUTO 

PRO 

INHIBIT X-AXIS OVERRIDE 
OAP OPTION 

TO SHEET 4 

TO SHEET 4 

Fig. 5-32. DPS Abort Program (P7t) (Sheet 3 of 6) 
I 
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3 
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. 
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RISEFLAG 

SET TX 
PRESENT + 12 SEC 

NO YES 

IS ROTATION FLAG SET 
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IS H DOT 
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40 FPS (U P)? 
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NO 

NO YES RESET ROTATION FLAG 

IS LM X-AXIS WITH· 
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DESIRED X-AXIS ? 

ES NO 
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WITHIN 30° OF 
LOCAL VERTICA 
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RESET 
ROTATION 
FLAG 

CALCULATE THE REQUIRED 
I CDU/GIMBAL ANGLES AND 
DRIVE THE ICDU'S TO ALIGN 
THE lM + X AXIS WITH THE 
DESIRED THRUST VECTOR. 
THE lM + Y AXIS HORIZONTAL 
AND THE lM + Z AXIS DOWN 

8 
TO SHEET 

5 

NO 

REMOVE X-AXIS OVERRIDE 
IN DAPBO<l.S 

fig. 5-32. DPS Abort Program (P70) (Sheet 4 of 6) 
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GOTO 
DPS/ APS FAIL 
ROUTINE Rill 

FROM SHEET 4 

DISPLAY 
V06 N63 
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H DOT 
H 

PUSH ENGi t-.E 
STOP BUTION 

GOTO 
BACKUP 

PROCEDURES 

IS TG LESS THAN 
4 SECONDS? 
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CALL ENG I NE OFF COMMAND 
INTG SECONDS. 
SET I OLE FLAG. 
WAIT UNTIL COMPUTED TIME 
Of CUTOFF, COMMAND ENG I NE 
OFF, ZERO ATIITUDE RATES, 
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INDICATED BY R03, MAIN
TAIN VG COMPUTATIONS 
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FL Vl6 N63 
VI 
H DOT 
H 

TO 
SHEET 

3 

TO St£ET 6 

Fig. 5-32. DPS Abort Program (P7t) (Sheet 5 of 6) 
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FROM SHEET 5 

ZERO ATTITUDE ERRORS, 
SET RCS OAP TO • 3 
DEGREE DEADBAND 

FL Vl6 N85 
VGX 
VGY 
VGZ 

PRO 

SET DEADBAND ACCORDING TO R03, 
RESET ABORT ENABLE FLAG. 

DO ROO. 

Fig. 5-32. DPS Abort Program (Pit)) Sheet 6 of 6) 
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PUSHBUTTON OR BY 

DSKY ENTRY? ABORT STAGE 
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V37E 71E 
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IS ABORT EN-
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NO 
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START PROGRAM. 
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SET LR BYPASS FLAG, SET RlO FLAG, 
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fig. S-33. APS Abort Program (P71) (Sheet 1 of 6) 
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FROM SHEET l 2 FROM SHEET 1 

RESET ABORT ENABLE FLAG. 
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Fig. 5-33. APS Abort Program. (P71) (Sheet 2 of 6) 
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fig. 5-33. ~PS Abort Program (P71) (Sheet 3 of 6) 
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fig. 5-33. APS Abort Program (P71) (Sheet 4 of 6) 
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VER PLANE ANO LM +Z AXIS 
DOWN RANGE. 
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GOTO 
DPS/APS FAIL 
ROUTINE R40 

Rev . v 

9 FROM SHEET 4 
DISPLAY 
V06 N63 
VI 
H DOT 
H 

PUSH ENGINE 
STOP BUTTON 

GO 
TO BACKUP 

PROCEDURES 

IS TGLESS THAN 
4 SECONDS? 

YES NO 

l- OOL ENGINE OFF C()\\MANO IN 
TG SECONDS. SET IDLE FLAG. 
WAITltiSECONDS, COMMAND 
ENGi NE OFF, ZERO ATTITUDE 
RATES, SET DEADBANO LIMITS 
AS INDICATED BY R03, MAIN
TAI N VG C()\\PUTATIONS. 

DISARM APS 

FL Vl6 N63 
VI 
H DOT 
H 

1.rO SHEET 3 

SET DB AS INDICATED 
IN R03. RESET ABORT 
ENABLE FLAG. 

TO SHEET 6 

DO.ROO 

fig . S-33. APS Abort Program (P71) (Sheet 5 of 6) 
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11 

ZERO ATIITUOE ERRORS, 
SET RCS OAP TO 0. 3 
DEGREE DEAOBAND. 

FL Vl6 N85 
VGX 
VGY 
VGZ 

PRO 

SET DEAD BAND ACCORD I NG 
TO R03, RESET ABORT 
ENABLE FLAG. 

00 ROO 

Fig. 5-33. AP.S Abort Program (P71) (Sheet 6 of 6) 
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V37E'72E 

SET ACTIVE VEHI-CLE ·FLAG TO CSM . 

... 
SET UPDATE AND TRACK FLAGS. ·.· 

SET TIG=O 

V25E 
LOAD DES I RED 
PARAMETERS 

V25E 
LOAD DESI RED 
TIG ITPIJ 

PRO 
FL V06 N55 

N 
E . 
CENT ANG 

YES 
RECORD 

PRO 
FL V06 N37 

GET I ITPll 

TO SHEET 2 

" 

IS 
DATA 

SA.'rISFACTORY 
? 

YES 
PRO 

TIG=O? 

NO YES 

CALCULATE 
T(APOAPSIS) 
AND STORE 
IN TIG. 

RESET FINAL FLAG 

Fig. 5-34. CSM co-elliptic sequence initiati~ (CSI) targeting (P72) (sheet 1 of 3) 
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) 

r-------- -1 4 ') 
I 

SET EXTERNAL DELTA V FLAG. FROM SHL[l 3 

RESET UPDATE FLAG 

COMPUTE PARAMETERS ASSO
CIATED WITH CSI & CDH . 
POSSIBLE PROGRAM ALARM 
IF COMPUTATION DOES NOT 
SAT ISFY PROGRAM CHECK. 

NO 
ALARM 

ALARM 
V32E 

IS FINAL FLAG SET? RETURN TO START 

NO YES 
OF PROGRAM AND 
ADJUST PARAMETERS 

SET UPDATE FLAG 

NO 
V25E 

L-~r;_· · . 

GO TO 
FL V06 N75 "2" SHEET l 

DELTA ALT 
DELTA T (CSl/CDH) 
DELTA T (CDHfTPI) 

RECORD 
PRO 
FL V06 N81 

DELTA V X, Y, Z (CSI) 

RECORD 
PRO 

LOAD DES I RED 
VALUES 

FL V06 N82 
DELTA V X, Y, Z (CDHJ 

~~~ORD . -1) 

I S FINAL FLAG SET? FROM SHE.ET 1 

NO 

SET MGA IN R3 SET MGA IN R3 
• -00001 = -00002 

FL Vl6 N45 
M 
TF GET I 
MGA 

TO SHEET 3 

Fig. 5-34. CSM co-elliptic sequence initiation (CSI) targeting (P72) (sheet 2 of 3) 
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DO ROO 
EXIT P72 

DO I 
WISH TO 

TERMINATE THE 
MARK PROCESS AND 

DO FINAL 
PASS? 

..------J YES 
PRO 

IS THE Fl NAL 
FLAG SET? 

NO 

TO SHEET 2 

NO 
V32E 

Fig. 5-34. CSM co-elliptic sequence initiation (CSI) targeting (P72) (sheet 3 of 3) 
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This program is selected by the astronaut by DSKY entry. 

5,:,L:L33 CSM Constant Delta Altitude (CDH) Targeting Program (P7:3) 

The parameters associated with the concentric flight plan maneuvers, wLth 

the exception of co-elliptic sequence initiation, are calculated by this program. 

(~)ee Fig. 5-35.) The concentric flight plan maneuvers are the co-elliphc (CS[), 

the constant delta altitude maneuver ( CDH), the transfer phRSl; initiation ('I' PI), 

and the transfer phase final (TPF). This program calculates these JJ3 r8.m de rs 

based on data approved by and keyed into the LGC by the astronaut. Data 

associated with the concentric flight plan maneuvers is displayed for astrrn1:1ut 

or ground approval. This program is selected by the astronaut by DSKY entry. 

5.2.3 .34 CSM Targeting Programs (P74, P75, P76) 

Programs in the seventies (Figs. 5-36 through 5-40) are equivalent in mo s t 

respects, except P7 6J to programs in the thirties (paragraphs 

5.2.3. 8
4

5.2.3.14), respectively. The diffe~ence is that in 

the P70's the LM calculates the parameters for a CSM maneuver. Conse

quently, the active vehicle flag is set to CSM and additional time is required 

for transmitting the calculated parameters to the CSM by voice link. 

5 .2 .3 .3 5 Final Automatic Request Terminate Routine ( ROO) 

This routine provides an exit for programs and an option to select any pro

gram desired. (See Fig. 5-41.) The V37 flash is a request for a new program 

selection. Upon keying in the new program (V37E XXE), ROO checks to insurt.: all 

conditions are satisfactory for this new program selection. 

5.2.3.36 IMU Status Check Routine (R02) 

The IMU status check routine is integrated into each program where a nt•vd 

exists to check whether the IMU is turned on 3.nd whether it is aligned to an ot'Len

tation known by the LGC. (See Fig. 5-42 .) This is accomplished by checking the 
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V37E 73E 

SET ACTIVE VEHICLE 
FLAG TO CSM. 

SET TRACK 
AND UPDATE FLAG. 

r-----------.t FL V06N13 
TIG (CDH) 

KEY V25E 
LOAD DESI RED 
DATA 

0--
FROM 

SHEET 2 
SET EXTERNAL DELTA V FLAG 
RESET UPDATE FLAG. 
COMPUTE PARAMETERS 
ASSOCIATED WITH CDH. 
SET ALARM IF NO SOLU· 
TION CAN BE REACHED. 

PRO 

NO _____ _. ALARM ALARM 

IS FINAL 
FLAG SET? 

YES NO 

SET UPDATE FLAG 

TOSHEET2 

V34E 

DO ROO 
EXIT P73 

FL VOS N09 
00611 

RESET FINAL FLAG 

TO 
SHEET 2 

V32E 

Fig. 5-35. Constant delta altitude program (P73) (sheet 1 of 2) 
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FL V06 N75 
DEL TA ALT 
DELTA T (CDH/TPI) 
DELTA T (TPI/TPI) 

PRO 
FLV06N81 

KEY V25E 
LOAD 
DESIRED 
DATA 

DELTA VX (LV) 
DEL TA VY (LV) 
DEL TA VZ (LV) FROM SHEET 

I 

TO 
SHEET I 

DO I· 
WISH TO STOP 

MARK PROCESS 
AND DO FINAL 

PASS? 

PRO 

IS FINAL FLAG SET? 

SET MGA DISPLAY 
INR3 =-00001 

YES 
PRO 

NO YES 

PRO 

IS FINAL 
FLAG SET? 

NO YES 

SET FINAL FLAG 

DO ROO 
EXIT P73 

Fig. 5-35. Constant delta altitude program (P73) (sheet 2 of 2) 
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V25E 
RELOAD 
GET I fTPll 

V25E 
RELOAD 
DESIRED 

NIE AND 
CENT ANG 

NO 

V37E 7/i 

SET ACTIVE VEHICLE 
FLAG (TO CSM) . 

. SET TRACK AND 
UPDATE FLAGS. 

FL V06 N37 
GO I fTPll 

IS 
DISPLAYED 

GO I ITPll SATI S
FACTORY? 

Fl V06 N55 
. N 

ELEVATION 
CENT ANG 

ARE 
DISPLAYED 

VALUES SATI S
FACTORY? 

COMP E FLAG 

IS SPECIFIED 
ELEVATION.• +Gm)? 

NO YES 

so COMPE 
FLAG. 

RESET FINAL FLAG 

.. 

TO 
St£ET 2 

V25E 
LOAD N IN Rl 
+(XQX) 

IN R2 
CENTANG 
DESIRED 
IN R3 

NI E, AND 
CENTANG AS 

DESIRED ? 

YES PRO 

Fig. 5-36. C$M transfer pha•' Initiation ~·ragram CP74) (sheet 1 ~f 3) 
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) 
NO 

V32E 

DO I 
WANT TO 

TERMINATE 
MARKING AND 
MAKE FINAL 
PASS THRU 
PROGRAM? 

FROM 
SHEETS 1 AND 3 

IS FI NAl FLAG SET? 

YES NO 

SET MGA DISPLAY SET MGA DISPLAY 
IN R3 TO -00002. IN R3 TO -00001. 

FL Vl6 N45 
MARK CTR 
TF GET I 
MGA 

IS FINAL FLAG SET? 

YES 

SET FINAL FLAG. 

RESET UPDATE FLAG. 

GO TO ROO. 

IS COMP E FLAG SET? 

NO 

COMPUTE GET I FOR 
SPECIFIED ELEVATION. 
DOES SCX..UTION EXIST? 

COMPUTE ELEVA
TION FOR SPECI
FIED GET I ITPI I. 

NO 

FL V05 N09 
00611 

PRO 

- TO 
2 

SHEET 1 

YES FL V06 N55 
FL V06 N37 N 

GET I ITP I l ELEV 
PRO CENT ANG 

L------i PRO 

TO 
3 SHEET 3 

Fig. 5-36. CSM t~ansfer phase initiation program (P74) (sheet 2 of 3) 
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COMPUTE TRANSFER TRAJECTORY 
INITIAL CONDITIONS AND OTHER 
VARIABLES FOR TPI MANEUVER. 

Fl V06 N58 
Hp!TPll 

6V!TPll 
6 VffPFI 

PRO 

IS FINAL FLAG SET? 

NO 

SET UPDATE FLAG. 

YES 

RESET NEW 
TARGET FLAG · 

V06 N81 
6VILVI 

YES 
PRO 

I S NEW TARGET 
FLAG SET? 

YES NO 

CALCULATE NEW 
TARGET VECTOR. 

TO 
SHEET 2 

HAS t-LW DATA BEEN 
1.0ADED? 

NO YES 

SET NEW 
TARGET FLAG 

RESET EXTERNAL 
DEl.TA V FLAG 

Fig. 5-36. CSM transfer phase initiation program (P74) (sheet 3 of 3) 
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NO 
V32E 

DO I 
WANT TO 

TERMINATE 
MARKING AND 
MAKE FINAL 
PASS THRU 
PROGRAM? 

V37E 75E 

SET ACTIVE VEHICLE FLAG 
(TO CSM). RESET FINAL FLAG. 
SET TRACK AND UPDATE FLAGS. 

------i 3 

IS FINAL FLAG SET? 

YES NO 

SET MGA DISPLAY SET MGA DISPLAY 
IN R3 TO -00002. IN R3 TO -00001. 

Fl Vl6 N45 
MARK CTR 
TF GET I 
MGA 

IS FINAL FLAG SET? 

NO YES 

SET FINAL FLAG. 

RESET UPDATE FLAG. 

TO 
2 SHEET 2 

GO TO ROD 
EXIT P75 

FROM 
SHEET 2 

Fig. 5-37. CSM transfer phase midcourse program (P75) (sheet l of 2) 
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FROM SHEET 1 

EXTRAPOLATEC!M STATE VECTOR 
TO GET I (Ml DI AND t.M SV TO 
l(INTI. DO LAMBERT ROUTINE TO 
CALCULATE REQUIRED VELOCITY. 
RESET EXT · v FLAG. 

I S FINAL FLAG SET? 

NO YES 

SET UPDATE FLAG. 

RELOAD 
~V(LVI 

IS 
flV(LVl 
ACCEPT
ABLE? 

RESET NEW TARGET FLAG 

IS NEW TARGET 
FLAG SET? 

YES NO 

CALCULATE NF.W 
TARGET VECTOR. 

FL V06 N59 
~ V(l.OSl 

PRO, 

TO SHEET 1 

HAD NEW DATA 
BEEN LOADED? 

NO YES 

SET NEW 
TARGET FLAG 

Fig. 5-37. CSM transfer phase midcourse program (P75) (sheet 2 of 2) 
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V37E 76E 

TRACK FLAG SET 
FL V06N33 

PRO 

FL V06N84 
DEI.TA V's (OV) 

PRO 

UPDATE CSM STATEVECTOR TO 
REFLECT AV ADDED. ZERO 
RR TRACKING MARK CNTR. 

DO ROO 

V25E 
RELOAD 
TIG 

Fig. 5- 38. Target Delta V Program (P76) 
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KEY V37E XXE . AUTOMATIC
ALLY CALLED CALLED BY V96 

NO 

RESET X-AXIS OVERRIDE 
INHIBIT AND ULLAGE 
FLAGS. 

IMU 
INITIALIZING? 

NO 

IS NEW PRO-
GRAM P70? 

YES 

YES 

FL V37 

XXE 

PROG ALARM 

WITH POO SPECIFIED 

EXIT 

IS NEW PRO
GRAM P71? 

GO TO DPS ABORT 
PROGRAM P70 

NO 

EXIT 

EXIT 

IS NEW PRO- NO IS NODO V37 YES 
GRAM POO? FLAG SET? -+------

YES NO OPR ERR __ _ 

DOES NEW PRO-+------........ ~ 
GRAM EXIST? EXIT 

YES 

YES 
SERVICER ON? -------. 

NO 

WAIT FOR INTEGRA
TION TO FINISH. RE
SET 3 AXIS FLAG. 

RESET AVEG FLAG, SET 
DRIFT FLAG, SET R29 
FLAG, RESET LANDI NG 
ANALOG DISPLAYS FLAG, 
RESET MUN FLAG. 

NO 

SETLR BYPASS FLAG, RESETFOLLOW 
ING FLAGS ASSOCIATED WITH Rl2: 
VON, HON, VX INHIBIT, HIGATE, 
NO LR READ, X AXIS OVERRIDE IN
HIBIT, LR PERMIT, VELOCITY DATA, 
READ LR, READ VELOCITY, RANGE DATA 
LOW SCALE, V FLASH, AND H FLASH 
RESET GIMBAL LOCK FLG. 

NO 

Fig. 5-41. Final automatic request terminate routine (ROO) (sheet 1 of 3). 
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[
RESET R!DMODE-s -J 

:TS_l:r lS_ :~ 
IS RENDEZVOUS OR 
P25 FLAG SET? 

Ll
ESET NODO V37, I 

RENDEZ.VOUS, P25, I 
AND~~~SE FLAGS . _i 

SET IDLE FLAG TO DI SABLE R40~ 
TERMINATE +X TRANSLATION • 
COMMAND, COMMAND ENGi NE OFF, : 
COMMAND ZERO ATIITUDE RATES I --·3----· ---··-

, --RETURN - -· ----1 
I SPECIFIED 

DEADBAND 1 L _____ l _ ... --• 

YES . rccN~l ·_. 
lRESET I 

IMUSE FLAG I 

, RESET TRACK ANDJ 

1 UP-DAT_Ej~~~ - - - -· -

r 1s NEW PRO-HES TERMINATE PRES -

l 7 ENT PROGRAM AND 
~RAM POO.:._ i BEGIN NEW PROGRAM 

IS PRESENT 
PROGRAM P22? 

L___ NO+---·--. 

'------· ·--t .. ----- ----
(Ex~~ 

, - - - . 

! i·s-THE NEW 
: PROGRAM P22? YES 

• RESET RENDEZVOUS, 
!""""---Lo~ 

P25, AND IMUSE FlAGS 

L r 
\_3) 4 I 

Fig. 5-41. Final automatic request terminate routine (ROO) (sheet 2 of 3). 
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~--L_ __ _ 
IS NEW PROGRAM J 
P20 OR P25? 

YES 

-~ 
i 1 s P20 OR P25 PRESE~~~y---1 
IN PROGRESS !EITHER IN 
FOREGROUND OR BACKGROUND)? I 
~~------- _ j 

YES NO 

' 2) 

- i 

Is P20 OR P25 p RESENTL y I' 

~~~~ING IN THE FOREGROUND? 

=i=~TYES 
--- ---- ----~-- --! 

IS P20 OR P25 PRESENTLY 
RUNNING IN THE BACKGROUND? 

- 4 ) 
J 

YEs--fNo __ I 
.....__-:-~~~~~~~~~~-~ 

.-----L-~--- ----, 
SET TRACK AND UP - I 

DATE FLAGS j 5 

RESUME P20/25 ll\l THE BACK
GROUND AND START NEW PRO
GRAM IN THE FOREGROUND. 

Fig . 5- 41 . Fina l automati c request te rmina te routine (ROO) (sheet 3 of 3) 
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) 

SETIMUSE 
FLAG 

AUTOMATICALLY 
ENTERED WHEN A 

IMU STATUS CHECK 
IS WARRANTED 

EXIT 
R02 

IS REFSMMAT 
FLAG SET? 

YES 

PROG 
LT ON 
(00220) 
ALARM 

NO 

IS THEISS 
TURNED ON? 

YES NO 

PROG 
LT ON 

(00210) 
ALARM 

DO ROO 
EXIT R02 

DO ROO 
EXIT R02 

Fig. 5-42. IMU status check routine (R02) flow diagram. 
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I REFSMMAT flag and then whether or not the rss is· on. If the IMU is not 

turned on or orientation is not known, a program alarm is established. 

Programs perform the status check automatically. 

5.2.3.37 Digital Autopilot Data Load Routine (R03) 

The digital autopilot data load routine is called by Keying V48E. (See Fig. 

5-43.) This routine is s elected prior to performing a PGNCS autopilot, thrusting 

maneuver. The autopilot configuration is selected, and the vehicle weights are · 

confirmed. From the wei ght data, the LGC computes the inertias. If the descent 

stage is attached a r¢quest is then made to trim .the descent engine gimbals. In 

the worst case, this trimming should require less than 2 minutes. 

5.2.3.38 RR/LR Self Test Routine (R04) 

The RR/LR self test routine is called by keying in V63E. (See Fig. 5- 44.) 

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

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

5.2 .3 .39 S-Band Antenna Routine (R05) 

The S-band antenn:). routine (Fig. 5-45) computes and displays the two S-band 

antenna gimbal angles required to point the S-Band antenna at the center of the 

earth. This routine is entered by V64E and can only be entered from idling program 

( POO). The IMU must be on and aligned. 

5.2.3.40 Landing Analog Displays Routine (RlO) 

The Landing Analog Displays Routine (Fig. 5-46) ~onitors the "Display 

Inertial Data" discrete which indicates the crew has selected for display on the LM 

meters one or more of the LGC-calculated display parameters. 

Rev. V 
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....------------- V48E 

RESET EXTENDED VERB 
ACTIVE FLAG AND 
NO MARKS ALLOWED 
FLAG 

EXIT 
R03 

V21E 

LOAD DESIRED 
DATA CODE 

V24E 
LOAD 

DESIRED 
VALUES 

IS A~ 1 IN OAP CON FIGURA· 
TION RESPONSE DATA CODE7 

NO 

RESET APS 
FLAG 

YES 

SET APS 
FLAG 

TRANSFER 
DATA TO OAP 

IS LM WEIGHT GREATER THAN 
(ASCENT ONLY ~50. DESCENT 
ATTACHED 11, 133) POUNDS? 

NO YES 

IS CSM ATTACHED7 

YES 

IS CSM WT> 90}) LBS? 

NO YES 

Fig. 5-43. Digital autopilot load (R03) {sheet 1 of 2) 
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SET DEADBAND TO 
V All.IE SELECTED 
ABOVE. CALL l/ACCS 
ROUTINE TO POSITION 
THE SWITCH CURVES 
IN THE LM ALONE 
RCS CONTROL LOGIC 

RESET EXTENDED 
VERB ACTIVE FLAG 
AND NO MARKS 
ALLOWED FLAG 

EXIT R03 
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RESET EXTENDED 
VERB ACTIVE AND 
NO MARKS ALLOWED 
FLAGS . 

EXIT R03 

TRANSFER DATA TO OAP 

SET DEADBAND TO VALUE 
SELECTED ABOVE. CALL 
1/ACCS ROUTINE TO RE
COMPUTE THE FUNCTIONS 
OF MASS ON THE BASIS OF 
fHE NEW VALUES AND TO 
REPOSITION THE SWITCH 
CURVES ON THE BASIS OF 
THE NEW DEADBAND . 

IS APS FLAG SET? FL V06 N48 
p 
R YES NO -------

V34E 

KEY PROCEED 
ENTER OR 

TERMINATE · 

PERFORM 
GIMBAL 
DRIVE 

FL V50 N48 
p 
R 

Fig. 5-43• Digital autopilot load {R03) (sheet 2 of 2) 
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LOAD 
DESIRED 
DATA 



,,.---) 

) 

V22E 

V63E 

IS ANOTHER PROGRAM OR ROU· 
TINE USING THE LR OR RR? 

NO YES 

IS ANOTHER EXTENDED 
VERB IN PROGRESS OR 
IS A PRIORITY DISPLAY 
USING THE DSKY7 

NO YES 

FL V04N12 
00004 
oooox 

X= J RENDEZVOUS RADAR 
X=2 LAN DING RADAR 

NO 

IS RR AUTO MODE 
DISCRETE PR ESENP 

TO 
SHEET 2 YES NO 

SEND AUTO TRACK 
ENABLE TO RR 

READ RR CDU ANGLES 
AND RANGE AND RANGE 
RATE ONC! A 
SECOND. 

FL Vl6 N72 
TRUNN ION 
SHAFT 
BLANK 

YES 
PRO 

3 

TO 
SHEET 2 

FL V50 N25 
0020 I 

EXIT 
R04 

Fig. 5-44. RR/LR se lf test routine (R04) (sheet 1 of 2) 
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QPR ERR 
LT ON 

EXIT 
R04 

PUT RR 
MODE 
SWITCH 
TO LGC 

PRO 

NO 

FROM 
SHEET 2 

FROM 
SHEET 2 
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FROM 
SHEET 1 

EXIT 
R04 

READ ONE LR 
PARAMETER 
EACH SECOND 

* 
FL Vl6 N66 

RANGE 
POSITION 
BLANK 

TO 
SHEET 1 

FROM 
SHEET 1 

FL Vl6 N78 
RANGE 
RANGE RATE 
TFI 

YES 

EXIT 
R04 

Fig. 5-44. RR/LR self test routine (R04) (sheet 2 of 2) 
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V64E 

IS ANOTHER EXTENDED VERB ACTIVE? 

NO 

EXTRAPOLATE LM STATE 
VECTOR TO PRESENT TIME. 
CALCULATE VECTOR TO EARTH 
CENTER. CALCULATES-BAND 
ANTENNA GIMBAL ANGLES. 

IS EXTENDED VERB 
ACTIVE FLAG SET? 

NO YES 

RESE'l' NO MARKS 
ALLOWED FLAG. 

EXIT ROS 

DO 

FL V06 N51 
ALPHA 
BETA 

DI SPLAYED 
ANGLES YIELD 

UNOBSTRUCTED 
LOS TO EARTH 

CENTER? 

RESET EXTENDED VERB 
ACTIVE FLAG. 

YES 
OPR ERR 

LT-ON 

EXIT R05 

DO 
I WISH 

TO MANEUVER 
LM TO OBTAIN 

UNOBSTRUCTED 
LOS? 

NO 
PRO 

EXIT ROS 

Fig. 5-45. S-band antenna routine (R05). 
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TH IS ROUTINE A UT OMA Tl CALLY CALLED DUR I NG 
Pl2, P63, P64, P65, P66, P67, P70 AND P71 

IS LANDING ANALOG 
DISPLAYS FLAG SET? 

YES NO 

IS INERTIAL DATA 
FLAG SET? 

NO ~YES 

DI SABLE RR 
ERROR CNTR 

HAS DISPLAY INERTIAL DATA 
DI SCRETE BECOME AVAILABLE 
SINCE LAST ITERATION? 

NO 

,____..___-_ __ J 
t ~ YES 

IS INERTIAL DATA 
FLAG SET? 

REMOVE DISPLAY IN
ERTIAL DATA FLAG 

+ YES 

CALCULATE FORWARD AND 
LATERAL VELOCITY 

I 
CHECK PARAM- I 
ETER POINTER 

ALT 
RATE 

SET PARAMETER POINTER 
TO ALT AND CALCULATE 
ALTITUDE RATE 

ALT 

SET PARAMETER POINTER 
TO ALT RATE AND CALCU
LATE ALTITUDE 

I 

TRANSMIT FORWARD AND LATERAL 
VELOCITY TO RR CDUS, TRANSMIT 
ALT OR ALT RATE TO LM METERS 

( EXIT 

NO 

SET INERTIAL DATA 
FLAG AND PARAMETER 
POINTER TO ALTRATE 

IS RlO FLAG SET? 

YES NO 

( EXITJ 

ISSUE DISPLAY INERTIAL DATA 
DISCRETE TO RR CDU'S, INITIAL 
IZE FOR Fl RST DI SPLAY OF DATA, 
ENABLE RR ERROR COUNTERS, SET 
INERTIAL DATA FLAG 

RESET INER-
TIAL FLAG 

~ 
( EXIT 

Fig. 5-46. Landing Analog Displays Routine (RlO) 
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This routine is automatically called whenever the LGC is in P12, P63, 

P64, P65, P66, P67, P70 or P71, however, it will compute the required data only 

when enabled by the landing analog display flag, and when servicer is in operation. 

5.2.3.41 ABORT Discrete Monitor Routine (R1 l) 

The ah;n·t discn:!te Monitor routine (Fig. 5-47) monitors the abort and abort 

stage discretes to the LGC which indicate whether the crew desires to abort from 

the powered landing maneuver and if so the type of abort desired. This routine 

then selects the correct LGC program for the type of abort commanded by the crew. 

5 .2 .3 .42 Descent State Vector Update Routine (Rl 2) 

The descent state vector update routine (Fig. 5-48) reads the PIP AS during 

the dl"Scent maneuver and incorporates their output into an updated LM MASS 

estimate and an updated LM STATE Vector. This routine is initiated every 2 

sec when average g is on, however, incorporation of the LR data is inhibited unless 

read LR Flag is set. 

5 .2 "3 .43 LANDING AUTO MODES Monitor Routine ( Rl 3) 

This routine (Fig. 5-49) monitors the auto stabilization discrete during the 

powered landing maneuver in order to detect if and when the attitude mode control 

switch is moved from the auto to the attitude hold position. It also monitors the 

auto throttle discrete during the powered landing maneuver in order to detect 

type of throttle control currently selected by the crew. 

This routine is automatically called by P63 at DPS throttle up. 

5. 2. 3. 44 This paragraph left intentionally blank. 
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AUTOMATICALLY 
CALLED EVERY 1/4 SECOND BY 

Pl2, P64, P65, P66, P67, P70, P71 
AND WHEN SERVICER IS IN PROGRESS 

START ABORT DISCRETE 
MONITOR ROUTINE Rll 

IS THE ABORT ENABLE FLAG SET? 

YES 

IS APS ABORT PROGRAM 
P71 IN PROCESS? 

NO 

IS THE ABORT STAGE 
DISCRETE PRESENT? 

NO 

YES 

IS DPS ABORT CALL APS ABORT 1---..c 
PROGRAM (P70l PROGRAM P71 
IN PROCESS? 

NO YES 

IS THE ABORT DIS
CRETE PRESENT? 

YES NO 

NO 

TO 
P71 

L-~~~~~~~~~~~~.._. 

CALL DPS ABORT 
PROGRAM P70. TO 

P70 

Fig. 5-47 • .Abort discrete monitor routine (Rll).· 
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LGC 
ROUTINE 
SELECTION 

IS LR BYPASS 
FLAG SET? 

NO YES 

IS NO LR READ 
FLAG SET? 

NO 

NO 

IS Rl2 X-AXIS OVER
RIDE FLAG SET? 

YES 

IS ALTITUDE LESS THAN 
30, 000 FT NOW? 

YES NO 

SET Rl2 X-AXIS OVER 
RIDE AND X-AXIS 
OVERRIDE INHIBIT 
FLAGS. 

IS HIGH GATE 
.FLAG SET? 

YES NO 

1 

ES 

If; NO 511 
FI,AG SET? 

YES · NO 

DO R29 
EXI'.r 

RESET RANGE DATA AND 
VELOCITY FLAGS, UPDATE 
TRACKER FAIL LIGHT 

EXIT 

I S LR IN 
POSITION 11211? 

IS TG GREATER 
THAN RPCRTIME? 

YES 
NO 

IS LllN 
POSITION 11111? 

RESET RANGE DATA AND 
VELOCITY FLAGS, UPDATE 
TRACKER FAIL LIGHT 

EXIT 

YES 

IS UNIT XBXP 
GREATER THAN QSW? 

NO YES 

SET HI GATE 
AND NO LR 
READ FLAGS 

CALL HIGATE 
~ JOB "IBI'' 

SEE SHEET 151 

Fig. 5-48. Descent state vector update routine (Rl 2) (sheet 1 of 7) 
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I 

NO 

YES 

IS RANGE DATA 
FLAG SET? 

YES 

COMPUTE 
DELTA H 

YES 

IS HIGH GATE 
FLAG SET? 

INCREMENT L 
COUNTER BY l 

IS DELTA H GREATER THAN 
"DELQFIX"+0.125H ? 

YES NO 

NO 

IS R COUNTER 
EQUAL TO 07 

NO 

RESET H FLASH 
FLAG 

ISL COUNTER 
Ml NUS R COUNTER 
LESS THAN 47 

NO YES 

SETH 
FLASH FLAG 

SET R COUNTER 
EQUAL TO L COUNTER 

IS VELOCITY DATA 
FLAG SET? 

YES 

IS LR PERMIT 
FLAG SET? 

NO YES 

UPDATE PRESENT 
LM POSITION VEC
TOR USING LR 
RANGE DATA 

Fig. 5-48. Descent state vector update routine (R12) (sheet 2 of 7) 
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I - ·--·--- - p _ ·· ~ 
COMPUTE DELTA V BETWEEN INDICATED 
LR VELOCITY DATA AND DATA DESIRED 
FROM ESTIMATED STATE VECTOR AND 
INCREMENT COUNTER (M) BY ONE 
·- · -- -- - . - - -· -

NO 

RESET V 
FLASH FLAG 

IS DELTA V GREATER 
THAN 7. 5 + v/8 fps? 

YES 

IS S COUNTER 
GREATER THAN ZERO? 

NO YES 

ISM COUNTER Ml NUS 
IS VX INHIBIT 
FLAG SET? 

S COUNTER LESS THAN FOUR? 

NO YES NO YES 

RESET VX INHIBIT 
FLAG SET 

SET V FLASH FLAG 

IS VELOCITY SETS COUNTER TO 
SELECT EQUAL X? M COUNTER 

NO YES 

IS LR PERMIT 
FLAG SET? 

YES NO 

UPDATE PRESENT 
LM VELOCITY VECTOR 
USING LR VELOCITY DATA 

IS VELOCITY SE
LECT EQUAL Z? 

NO YES 

SET VX IN
HIBIT FLAG 

Fig. 5-48. Descent state vector update routine (Rt 2) (sheet 3 of 7) 
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cp 
IS READ VELOCITY 
FLAG SET? 

I 
YES .NO 

IS LM VELOCITY 
LESS THAN'OOO FPS? 

YES NO 

SET READ VELOCITY FLAG 
' INITIALIZE VELOCITY SELECT 

CALL LRV JOBIFI 
SEE SHEET 161 

-
RESET RANGE DATA AND VELOCITY FLAGS 
UPDATE TRACKER FAIL LIGHT. ' 

( EXIT ) 

Fig. 5- 48 . Descent state vector update routine (R12) (sheet 4 of 7) 

Rev. V 
5- 164 
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SET LR POSITION FLAG 

IS LR IN POSITION 2? 

YES 

USE LR DATA 
AS IF LR 
WERE IN 
POSITION 2. 

SET LR 
POSITION 
FLAG. 

NO 

COMMAND LR TO POSITION 
2, WAIT 7 SECONDS, SET 
SAMPLE LIMIT • 14 

IS LR IN POSITION 'Z? 

YES NO 

WAIT 2 SECONDS, RE
MOVE COMMAND TO LR 

DECREMENT SAMPLE 
LIMIT BY 1 

IS SAMPLE 
LIMIT = O? 

YES NO 

REMOVE COM
MAND TOLR 

WAIT l J 
SECOND 

IS LR IN POSITION 2 ? 

YES NO 

FL V05N09 
00523 

PRO 

'SET NO 511 FLAG. 
IS LR IN POSITION 1 ? 

...._~~~..... NO YES 

RESET 

EXIT 

USE LR DATA AS IF LR 
WERE IN POSITION t . 

Fig. 5-48. Descent State Vector Update Routine (R12} {sheet 5 of 7) 
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ESTABLISH WAITLIST CALL 1170 MS) TO READ IMU CDU'S 
AND TIME AT ABOUT MIDPOINT OF LR VELOCITY READ 
SEQUENCE. ADVANCE VELOCITY SELECT TO NEXT VELOCITY 
COMPOf\ENT. SET SAMPLE NUMBER EQUAL TO FOUR FOR 
USE BY R20. SET SAMPLE LIMIT EQUAL TO FIVE FOR USE 
BY R20. STORE PRESENT STATUS OF RR DATA GOOD, LR 
RANGE DATA GOOD, AND LR VELOCITY DATA GOOD DIS
CRETES. SET BITS ONE THRU FOUR Of CHANNEL THIRTEEN 
AS APPROPRIATE TO REQUEST PRESENTLY DESI RED LR 
VELOCITY COMPONENT READOUT FROM THE LR. 

WAIT FOR R20 
COMPLETION 

GOOD 
EXIT 

ERROR 
EXIT 

CHECK STILLBADV 
REGISTER 

SET STILLBADV 
REGISTER • 2 

0 

SET VELOCITY 
DATA FLAG 

> 0 
, 

DECREMENT STILLBADV 
REGISTER BY 1 

' 
( EXIT ) 

ADVANCE VELOCITY SELECT 
TO NEXT VELOCITY COM
PONENT. 

( EXIT 

( EXIT) 

Fig. 5-48. Descent state vector update routine (R12) (sheet 6 of 7) 
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I 

0 

G 

FROM RlO, Rll, Rl2 
SERVICER ROUTINE 

IS THE LR BYPASS 
FLAG SET? 

NO 

IS READ LR 
FLAG SET 

IS NO LR READ 
FLAG SET? 

NO YES 

YES 

SET SAMPLE NUMBER • 0 FOR USE BY R20. SET SAMPLE LIMIT 
• 1 FOR USE BY R20. STORE PRESENT STATUS OF RR DATA GOOD, 
LR RANGE DATA GOOD, AND LR VELOCITY GOOD DISCRETES. SET 
BITS l-40F CHANNa 13TOONETO REQUESTLRALTITUDE READ 
OUT FROM LR 

CHECK·STILLBADH 
REGISTER 

> 0 

GOOD 
EXIT 

DECREMENT 
STILLBAOH 
REGISTER BY 1 

WAIT FOR R20 
COMPLETION 

I ERROR 
f EXIT 

IS RANGE SCALE 
FLAG SET? 

~NO 

SET STILLBADH 
REGISTER· 2 

( EXIT 

pEs 
RESET RANGE 
SCALE FLAG 

( EXIT J 
( EXIT ) ( EXIT ) 

SET RANGE 
DATA FLAG 

EXIT ) 

Fig. 5-48. Descent state vector update routine (R12) (sheet 7 of 7) 
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REV V. 

t 

LGC ROUTINE 
·. SELECTION 

I ; 

1IS THE NON-AUTO THROTTLE 
DISCRETE PRESENT? 

I YES 

I 

: I CALL P67 

' 

NO 

I IS P67 IN I 
PROCESS ? 

YES !No 
1 

lcALL P66I IS NON-AUTO 
THROTTLE ois
CRETE PRESENT? 

' I 

' 

YE~ I 

I 

IS P66 IN 
'PROCESS ? 

YES NO 

. 
IS ROD 

COUNTER=O? 

YES NO 

I CALL P66 I 

I 

ZERO ROD COUNTER. 
WAIT 2· SECONDS. 

·--........ ~-----...--f ' \ t 

NO 

Fig, 5~49. Landing Auto Modes Monitor Routine(Rl3). 
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5. 2. 3. 45 LR / RR Read Routine (R20) 

This Routine (Fig. 5-50) reads the LR/ RR parameter requested by the calling 

routine to perform various checks to ensure that the system is operating correctly. 

This routine also issues an alarµJ if errors occur in LR or RR readings. This 

routine is automatically called by R04, R12, R22, R29 and R77. 

5.2.3.46 Designate Routine (R21) 

The designate routine is used to position the RR antenna at the CSM until 

automatic acquisition of the CSM is accomplished by the radar. If manual search 

has not been performed, R21 is automatically entered. (See Fig. 5-51.) The LGC, 

by utilizing LM and CSM vector data, calculates the antenna shaft and trunnion angle 

commands necessary to achieve CSM acquisition. By comparison of the read 

counter angles and the calculated angles, the necessary pulses are entered into the 

C DU shaft and trunnion error counters. The LGC drives the RR antenna to the LOS 

) . with new commands being generated every half-second. When the RR is within 0.5 

degrees of the LOS, the track enable discrete is issued to the RR, enabling its angle 

tracking servos to track the target if its range and range-rate tracking networks 

have already acquired the target. The routine then terminates if the data good 

discrete, signifying RR lockon, is received. However, if this discrete is not pre 

sent, the routine will continue generating commands and checking for this discrete 

until the allotted time (approximately 45 seconds) has expired, at which time a 

search alarm is turned on. In response to this alarm, PRO is Keyed to exit to R24 

pattern search to acquire the CSM. 

5.2 . 3.47 Data Read Routine (R22) 

The data read routine is called by P20 or P22 to process the automatic RR mark 

data and update the selected LM or CSM vector. (See Fig. 5-52.) Requests for 

updating the rendezvous navigations equations are issued once per minute. Following 

a data request, the LGC checks to see if the track flag is present. This flag is 
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. DECREMENT SAMPLE 
LIMIT 
WHICH RADAR WAS 
SAMPLED 

LR RR 

LGC ROUTINE 
SELECTION 

CHECK SAMPLE 
LIMIT 

0 (O PROG 
LT ON 

IS LR BYPASS FLAG SET? 

YES NO 

REPOSITION R04FLAG 
FLAG SET ? SET? 

NO YES 

NO 
HAVE RR 
CDUS FAILEQ PROG LT. 

-,..~~----1 1-~~~--..:0N 
NO YES 

YES 

SET SAMPLE LIMIT • -1 . 

WAS THIS SAMPLE ERROR EXIT 
RR RANGE RATE? 

NO YES 

RADAR SCALE . 
SAME AS 
LAST PASS? 

NO YES 

UPDATE STATUS 
OF RR OR LR 
DATA FAIL 
DISCRETE, SET 
RANGE-SCALE
CHANGE FLAG 

TO SHEET 2 

to SHEET 2 

EXIT 

NOTE: ''GOOD EXIT" AND 
"ERROR EXIT" ARE 
DEFINED IN THE 
CALLI NG LGC ROUTINE 

Fig.5-50 LR/RR Read Routine(R20) (sheet l Of 2) 
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) 

FROM SHEET i 

R77 FLAG 
SET? 

NO YES 

UPDATE STATUS 
OF LR DATA FAIL 
DISCRETE IN 
RADMODES 

WAS THIS SAMPLE 
VEl.OCITY OR ALTITUDE 
SAMPLE? 

VEl.OC I TY ALT 

TO SttEET 1 

GOOD EXIT 

2 FROM SHEET 1 

WAS VELOCITY DATA 
GOOD (LR), ALTITUDE 
DATA GOOD ILR), OR 
RR-DATA GOOD IRRl 
DISCRETE PRESENT 
BEFORE AND AFTER 
THIS SAMPLE? 

YES NO ,_. ___ _._ 

DECREMENT SAMPLE 
LIMIT BY 1, RESET 
RR OR LR DATA FAIL 
DISCRffi IN RADMODES 
UPDATE TRACKER FAIL 
AND ALTITUDE FAIL 
LIGHTS 

GOOD 
EXIT 

STORE 
SAMPLE 

. IS SAMPLE 
NUMBER EQUAL 
O? 

YES NO 

DECREMENT SAMPLE 
NUMBER BY ONE 

IS SAMPLE 
LIMIT EQUAL TO 
O? 

NO YES 

SET BITS 
1·40F CH 13 

SET RR OR LR DATA 

GOOD 
EXIT 

Fig. 5-50 LR/RR Read Routine (R20) 

(sheet 2 of 2) 5-171 

FAIL DISCRETE IN 
RADMODES 

UPDATE 
TRACKER FAIL 
LIGHT 

3 TO 
SHEET 

1 
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IS RR ANT 
MODE FLAG 
SET? (MODE 2. ) 

AUTOMATICALLY CALLED 
BY LGC IF MANUAL SEARCH 
HAS NOT BEEN PERFORMED 

REMOVE RR 
AUTO TRACK 
ENABLE FROM 
THE RR. 

IS THE SURFACE 
FLAG SET? 

---... YES 

YES NO SET DESI RED RR 
'---ti~ GIMBAL ANGLES 

FOR MODE f2 
CENTER 

SET DESI RED RR 
GIMBAL ANGLES 
FOR MODE fl 
CENTER 

RESET LOCK-ON 
FLAG 

COMMAND RR TO MODE CENTER 
AS DEFINED BY DESIRED RR 
GiMBAL ANGLES. SET LOSCM 

-----1FLAG. REMOVE RR AUTO TRACK 
ENABLE DISCRETE FROM THE RR. 

SET RR DESIGNATE 
COUNTER TO ALLOW 
60 PASSES 
SET LOSCM FLAG 

EXTRAPOLATE LM AND CSM 
STATE VECTORS TO PRESENT 
TIME PLUS 0.5 SECONDS 
AND CALCULATE LOS FROM 

.LM TO CSM. 

SET LOCK-ON FLAG. 
RESET NO RR MONITOR 
FLAG. 
IS THE LOS WITHIN THE LIMITS OF THE 
PRESENT. RR ANTENNA MODE? 

IS SURFACE FLAG SET 
NO YES 

EXTRAPOLATE CSM STATE 
VECTOR TO PRESENT TIME 
+ 0.5 SECONDS 
CALCULATE LOS FROM 
CSM TO LM, 

Rev. III 

Fig. 5-51. RR designate routine (R21) (sheet 1 of 3) 
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FROM 
SHEET I 

IS THE LUNAR 
9.JRFACE 
FLAG SETI 

DO R26 
NO 

IS LOS WITHIN 
LIMITS OF 
OTHER MODE? 

YES ND 

SET 
REMO DE 
FLAG 

NO 

COMMAND RR CDU'S 
TO PLACE ANTENNA 
IN THE OTHER MODE 

RESET REMODE FLAG 

IS R.EPO SITI ON 
F~AG SET?. 

YES 

IS THE RR DESIGNATE 
COUNTER s ()? (K • 0) 

YES 

6 

IS THE PRESENT RR LOS 
WITHIN ~ DEGREE OF 
THE PRESENT LOS 
FROM Lii TO Clll? 

TO SHEET 3 

R21. GO 
IN P22. 

FROM SHEET 3 

TO SHEET 3 

10 

·fig.· 5-51. RR designate routine (R21) (sheet 2 of 3) 
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FROM 
SHEET 2 

FROM SHEET 2 

SEND AUTO TRACK 
ENABLE TO RR 

IS DATA GOOD 
DISCRETE RECEIVED 
FROM THE RR? 

YES 

RESET 
LOS CM 
FLAG 

TERMINATE 
PERIODIC LOS 
DETERMINATION 
CALCULATION 

REMOVE RR 
AUTO TRACK 
ENABLE 

NO 

ISSUE RATE COMMANDS 
TO THE RR, PROPORTIONAL 
TO THE ANGULAR DIFFER· 
ENCE BETWEEN RR LOS AND 
AND THE LOS TO THE CSM 
ONE SECOND FROM NOW 

IS LOSCM 
FLAG SET? 

NO YES 

t-----~ FL WS N09 
00~3 

ls N=O '? 

PROG LT ON 

EXIT R21 & 
P!l/22 

N0 YES 

DECREMENT 
N BY-ONE. 

H 
P20 

TO 
~HEET 2 

TO 
SHEET 1 

fig. 5-51. RR de1lgnaN IOUtlne (R21) (aheet 3 of 3) 
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AUTOMATICALLY 
CALLED BY PID & P22 TO 
PROCESS RR MARK DATA 

IS THE RENDEZ
VOUS FLAG SET? 

IS TRACK EXIT 
FLAG SET? R22 AND P20 

YES NO 

IS THE RR GO TO "E" 
TRACK ENABLE IN P20/ 22 
DISCRETE ISSUED? 

YES NO 

IS RR AUTO 
MODE DISCRETE 
PRESENT? 

YES 

I6 RR CDU ZERO GO TO •c• 
FLAG SET? IN P20/ P22 

YES NO 

GO TO "B" 
IN P20/ P22 

IS SURFACE 
NAVIGATION 
FLAG SET? RESET RANGE SCALE FLAG. 

STORE RR RANGE SCALE 
NO 

SET NZ 
= 2 

DO R65 

YES 

GO TO "F" 
IN P20/ 22 

SET SAMPLE NUMBER = 0 · 
FOR USE BY R20. SET 
SAMPLE LIMIT= l FOR USE 
BY R20. SET BITS 2 AND 
4 OF CHANNEL 13 = l TO 
REQUEST RANGE RATE 
READOUT FROM RR 

DO LR/ RR 
READ ROUTINE (R20) 

FOR RR RANGE 
RATE 

ERROR 
EXIT 

GO TO "D" 
IN P20/ 22 

Fig. 5- 52 RR data read routine (R22) (sheet 1 of 4). 
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READ 5 CDU'S 
(ISS-3 AND RR-2) 

SET SAMPLE NUMBER• 0 FOR USE 
BY R20, SET SAMPLE LIMIT • I FOR 
USE BY R20, STORE PRESENT ST A
TUS OF RR DATA GOOD, LR POSITION 
DATA GOOD, AND LR VELOCITY DATA 
GOOD DISCRETES. SET BITS I AND 4 
OF CHANNEL 13 TO "I" 

DO LR/RR READ ROUTINE 
R20 FOR RR RANGE RATE 

WAIT FOR R20 COMPLETION 

GOOD 
EXIT 

ERROR 
EXIT 

IS RANGE SCALE 
FLAG sm 

EXTRAPOLATE LM AND CSM 
STATE VECTORS TO TM AND 
COMPUTE LOS TO CSM 

IS RR INDICATED LOS 
WITHIN 3 DEGREES OF 
PRESENT STATE VECTOR 
INDICATED LOS? 

YES 

YES 

NO 
I FL V05 N09 

00525 

NO 

PROG LT ON 

GO TO "D" 
IN P20/ P22 

KEY V34E OR V56E 

Fig. 5-52 RR data read routine (R22) (sheet 2 of 4). 
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DO PREFERRED 
1RACKING ATTITUDE 

ROUTINE (R6 l) 

GO TO "E" 
IN P20/22 

IS THE SURFACE 
FLAG SET? 

NO 

IS THE TRACK 
FLAG SET? 

YES 

FL V06 NOS 
XXX.XX DEG 
(DEL TA THETA) 

CONSIDERING 
MAGNITUDE OF 

DEL TA THETA DO NO 
I WISH TO INCORPORATE 1------..i 
MARK DATA INTO STATE 

VECTOR UPDATE 
ANYWAY? 

YES 

IS RR LOS WITHIN 
30 DEGREES OF 
THE LM tZ AXIS? 

NO 

IS SURFACE 
FLAG SET? 

YES 

GO TO "F"· 
IN P20/ 22 

SET NZ " 2 

IS THE NO UPDATE 
FLAG SEP 

YES 

IS THE UP· 
DATE FLAG SET? 

~-----' NO YES 

BASED ON RR INDICATED LOS 
CALCULATE THE REQUIRED 
STATE VECTOR UPDATE. IS 
THE MAGNITUDE OF THE 
STATE VECTOR UPDATE > 
ALLOWABLE LIMITS? 

NO .YES 

Fig. 5-52 RR data read routine (R22) (sheet 3 of 4) . 
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KEY V34E 
OR V56E 

DO TERMINATE 
TRACKING ROUTINE 

R56 
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INCORPORATE STATE VECTOR 
CORRECTION THAT IS DESIG
NATED BY STATE VECTOR 
FLAG. INCREMENT RR TRACK
ING MARK COUNTER BY ONE. 

IS SURFACE 
FLAG SET? \ l-.;._~_..;;;.;~-.--::-: 

YES No r 

_. _ __._ __ ,. \ GO TO •E• 

SET NZ • 5 

CALL 
FINE PREFERRED 

TRACKING ATTITUDE 
ROUTIN E (R65) 

SET NZ = 0 

IN P20/22 

IS SURFACE 
FLAG SET? . 

NO 

! 
PRO 

V32E 

GO TO •E" 
IN P20/22 

YES 

FL VOG N49 
DEL TAR 
DELTAV 
ODE · 

V34E OR V56E 

DO R56 

Fig . 5-52 · RR data read routine (R22)(sheet 4 of 4) · 
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removed during the preparation and execution of a LM /::1 V maneuver where there 

is no desire to have the RR data read routine request RR data or call any other 

routine such as the RR designate or LM preferred tracking attitude routine. 

If the track flag is present, the LGC checks for issuance of the RR track 

e na ble discrete and reception of the RR auto mode discrete. The former discret e 

i s r e moved and not re - issued by the RR monitor routine whenever the RR ant e nm1 

:rn gl es exceed the mode 1 limits . Its absence, therefore, indicates a need to re

e strthli s h the LM preferred tracking attitude and re-designate the radar. Frequ e nt 

c h ecks are made of the RR data good discrete to insure that no RR tracking int er 

ruptions have occurred during the readout. 

For RR ranges below 50.584 nautical miles, the RR issues the range low scale 

di s cret e , indicating to the LGC that a different scaling must be applie d to th e rang e 

scale . To insure that the correct scaling is used, the LGC checks the status of this 

di s c r et e each time data is read and re-issues a complete data request if the sta tus 

has changed since the last reading . 

Since a given set of RR data are used to update the rendezvous navigation 

eq uations for one instant of time when the CDU angles were recorded, this instant 

Tm is used as the time tag for a complete set of RR data. 

After the RR data are read, the LOS is determined for time Tm and compar e d 

with that indicate d by the RR CDU channels. This is done to insure against side lobe 

lo c kon . If the difference is more than 3 degrees, an alarm is issued to the astronaut 

who must decide whether to go to the RR designate routine (V32 E) or request the 

LGC to proceed with the data (PRO). 

Following the sidelobe check, the LGC checks to see if the update flag is pre 

S (~ nt. This flag is removed when it is not desirable to use the RR data to update thf' 
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navigation equations, such as during the terminal phase of rendezvous. It is 

removed by the LGC during a LM ~ V maneuver and by the astronaut when the 

CSM is performing a ~ V maneuver. The update flag differs from the track flag in 

that the presence of only the track flag still permits the LGC to monitor RR 

tracking and read RR data for purposes other than updating the navigation 

equations. 

A check made by this routine is to determine if the RR antenna is less 

than 30 degrees from the LM +Z axis. This is required, in order for the LGC to 

perform a satisfactory determination of RR angle bias and to enable the LM 

optical beacon to be seen by the CSM. 

A FL V06 N49 display indicates that the magnitude of either of the position 

or velocity deviations is large·,.. than the tracking alarm levels. The state 

vector is not updated, and the astronaut is alerted by the delta R display 

(magnitude of the difference between the position state vector before and after 

incorporation of current mark data) and by the delta V display (magnitude of the 

difference between the velocity state vector before and after incorporation of 

current mark data). In this case, the astronaut should place the RR under manual 

control and make the necessary radar operating and side lobe checks to verify 

main lobe lockon and tracking conditions. After returning the RR to LGC con

trol, the astronaut again has the option of commanding a state vector update if 

the tracking alarm is again exceeded, or to exit the program. 

5. 2. 3. 48 Manual Acquisition Routine (R23) 

Manual acquisition is selected by the astronaut during P20, in response to the 

acquisition mode request (FL V50 N2 5, checklist code 00201 ). (See Fig. 5-53 .) The 

5-180 



) 

DO PREFERRED 
TRACKING ATTITUDE 

ROUTINE (R61) 

DO I 
WISH TO HAVE 

LM MANEUVER AGAIN 

AUTOMATICALLY CALLED 
BY P20 IN RESPONSE TO 
ASTRONAUT REQUEST FOR 
MANUAL ACQUISITION NOTE: 

SELECT 
MINIMUM 
DEADBAND 

SET NO ANGLE 
MONITOR FOR USE 
BY RR MONITOR 
ROUTINE (R25) 

SEND AUTO TRACK 
ENABLE TO RENDEZ
VOUS RADAR 

FL V~ N25 
00al5 

ONLY MADE AVAILABLE 
IN PLU WHEN MODE CONTROL 
SWITCH IS NOT IN LGC POSITION 

PLEASE PERFORM 
MANUAL ACQUISITION 

TO PREFERRED ATT AND 
CONTINUE MANUAL 

ACQ ATTEMPTS? 

ENTR NO 
V34E OR 
V56E 

TO 
SHEET 2 

PRO (WHEN RR NOTRACK 
LT GOES OFF\ 

Fig · 5-53 Manual acquisition routine (R23) (sheet l of 2). 
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TO 
SHEET l 

FROM 
SHEET I 

KEY 

ARE THE RR 
GIMBAL ANGLES 
WITHIN PRESENT 

WAIT 2 
SECONDS. 
DO I WISH 

PROG LT ON MODE LIMITS? 

TO MANEUVER AGAIN 
TO PREFERRED TRACK

ING ATTITUDE' 

FL V05 N09 '---N-0---~y ES 
00501 

.. 
' 

RESET NO ANGLE 
MONITOR FLAG 

DO R56 

EXIT 
R23 AND P~ 

RESET NO ANGLE 
MONITOR FLAG FOR 
USE BY RR MONITOR 
ROUTINE (R25) 

SELECT 
ASTRONAUT 
SPECIFIED 
DEADBAND 

EXIT 
R23 

Fig. 5-53 Manual acquisition routine (R23) (sheet 2 of 2). 
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preferred tracking attitude routine (R61) calculates the LOS from the LM to the 

CSM, defines the desired attitude to be along the LM +Z axis along the LOS to the 

CSM, and performs the attitude maneuver. The minimum deadband is set to hold the 

LM +Z axis within 0 .3 ° of the established LOS. The auto track enable discrete is then 

issued to the RR. Although the auto track enable discrete has no effect on manual 

control of the radar, it is issued at this time so that there will be no loss of RR 

tracking after the CSM has been manually acquired and is placed under LGC control. 

The manual acquisition process then entails: 

1) Setting the RENDEZVOUS RADAR antenna mode selector to SLEW 

and the TEST /MONITOR selector to AGC. 

2) Observing the attitude error needles on the FDAI while slewing with 

the UP, DOWN, LEFT, or RIGHT toggle switch (either HI or LO rate as warrented) 

until shaft and trunnion angles approach zero degrees. During this slewing pro -

) cess, an AGC indication should appear and approach a peak. 

3) Reset RENDEZVOUS RADAR antenna mode selector to AUTO TRACK. 

The RR tracking errors should now drive the antenna for acquisition. Upon acquisi

tion, the NO TRACK indicator goes out .and the RR automatically maintains track. 

4) Check for side lobe acquisition by insuring that the A GC indication is 

maximized with a minimum indication while the shaft and trunnion angles are less 

than 10 degrees on the attitude error needles. 

5.2.3.49 ~Search Routine (R24) 

The search routine generates a 5.6° by 5.6° search pattern about the estimated 

LOS when the RR has failed to acquire the CSM during the designate mode. Th is 

routine is automatically called by the R21 in response to the FL VOS N09, program 

alarm 00503 display if the astronaut keys PRO. (See Fig. 5-54.) This program 

alarm is flashed if R21 is unable to drive the RR within 0.5 degrees of the LOS or 

does not receive the data good discrete after generating commands to RR antenna 
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FROM 
SHEET 2 

2 

TO 
SHEET 

2 

AUTOMATICALLY CALLED 
FROM IR2111N RESPONSE 
TO AN ASTRONAUT RE
QUEST FOR A SEARCH 
ACQUISITION 

SET SEARCH FLAG 
RESET LOSCM FLAG 

ZERO DATA INDICATOR 
IRll AND OMEGA IR21 
DI SPLAY REGI SYERS. 
Rl AND R2 Will READ 
ZERO INITIALLY. 

CALL V 16 NIKI 
PRIORITY DISPLAY. SEE 
"A" BELOW. 

SEND RR AUTO TRACK 
ENABLE DISCRETE TO RR. 
IS SEARCH FLAG SET? 

YES NO 

CALL CAl..LDGCH 
IN 6 SECONDS EXIT R24 

IS, REMODE FLAG SET? 

NO YES 

EXTRAPOLATE LM 
AND CSM STATE 

3 

VECTORS TO PRESENT PLUS 1. 5 sec. 
COMPUTE LOS 

VECTORS FROM LM 
TO CSM. 

NO 

SHIR TARGET 
VECTOR 60 DEGREES 
TO NEXT POINT IN 
SEARCH PAmRN 

DEFINE TARGET VECTOR 
TO BELOS FROM LM TO 
CSM 

DEFI~ TARGET VECTOR 
TO BE Fl RST OFFSET 
POI NT IN SEARCH 
PATIERN 

Fig. 5-54. RR search mode (R24) (sheet 1 of 2) 
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ARE THESE GIMBAL 
ANGLES WITHIN THE, 
LIMITS FOR THE 
PRESENT MODE? 

YES NO, 

IS THE SU RF ACE FLAG 
SET? 

NO 

ARE THE DESI RED 
GIMBAL ANGLES 
FOR THE PRESENT 
TARGET VECTOR 
USING THE OTHER 
RR MODE WITHIN 
THE RR GIMBAL 
AN6LE. LIMITS? 

YES 

YES NO 

COMMAND RR 
CDUS TO PLACE 
THE ANT IN THE 
OTHER MODE 

DESIGNATE THE RR 
TO THE PRESENTLY 
DEFINED TARGET 
VECTOR 

PR06 LT ON 
(00521) 

TERMINATE 
WAIT LI ST CALL 
FOR CALL DG CH 

I 

L--, 

REACQUIRE IN 
MAIN LOBE 
SET RR MODE 
SWITCH TO LGC 
WAIT FOR "NO 
TRACK" LT TO 
GO OUT 

GO TO "A" 
. IN P20/22 

START CALL DGCH 
CALCULATE THE ANGLE 
BETWEEN THE RR LOS 
AND THE LM + Z AXIS 
(OMEGA) FOR DI SPLAY 
IN R2 

EXIT 

TO 
SHEET 

I 

I S REND FLAG SET? 

YES NO 

YES 

STORE lllll FOR DISPLAY 
IN Rl 

SET N • 0 

EXIT R24 

PRO 

Fig. 5-54'. RR search mode (R24) · (Sheet 2 of 2) 
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FROM 
SHEET l 

FL Vl6 N80 
DATA I NDI GATOR 
OMEGA 
BLANK 

DO TERMINATE 
TRACKING ROUTINE 
R56 

TERMINATE 
WAIT LIST& 

' RR DESIGNATION 
IN PROCESS 

TO SHEET 
l 
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servos for about 45 seconds. If the astronaut has been observing the separate dis

plays provided for the RR, he will undoubtedly know which of the above caused the 

lack of lockon. Since it is highly probable that the alarm was issued because of 

failure of the LGC to receive the data good discrete, R24 will probably be called 

for. 

The time required to complete one cycle of the search pattern is about 42 

seconds . During the generation of the search commands, the auto track enable dis

crete is issued to the RR so that it may acquire the target. A check is made to 

determine if the RR is within 30 ° of the LM +Z axis. If this angle exceeds 30 °, the 

LM preferred tracking attitude routine is used to reestablish the preferred vehicle 

attitude before commencing with another search pattern. When the astronaut is 

satisfied that lockon has been achieved, he checks to see if the acquisition was 

obtained with the main radiation lobe of the radar. Having verified and achieved 

lockon with the main radiation lobe, PRO is keyed to terminate. 

5.2 .3 . 50 Monitor Routine (R25) 

The monitor routine is established whenever the LGC is in an operate state. 

This routine is under control of utility program T4RUPT, which recycles R2 5 

approximately every half - second. 

Each cycle of the monitor routine monitors the discretes associated with the 

position of the RENDEZVOUS RADAR antenna mode selector. (See Fig. 5-55.) If 

the RR CDU channels are judged to be malfunctioning, the LGC can no longer desig

nate the radar, nor is the radar available for vector update. Program 20 should be 

terminated and the preferred tracking attitude program selected to maintain the 

preferred vehicle attitude. If, for example, the RR gimbals exceed the mode 1 

limits (earth orbital operational limits), the LGC causes the antenna to be driven 

to the reference position (shaft = 0° and trunnion = 0°). 
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TH I S ROUTI NE I S CALLED 
EVERY 0.48 SECOND WHEN
EVER LGC IS ON 

------'-----' 

HAS THE RR AUTO MODE 
DISCRETE CHANGED STATUS? 

NO YES 

I S THE RR AUTO MODE 
DISCRETE PRESENT? 

UPDATE RR AUTO MODE FLAG, RESET 
CONTINUOUS DESIGNATE, REMODE, 
REPOSITION, CDU ZERO, AND 
TURN ON FLAGS 

SET RR CDU ZERO AND TURN 
ON FLAG, ZERO RR CDUS. 
WAIT TEN SECONDS. RESET 
CDU ZERO FLAG. DETERMINE 
RR MODE. SET OR RESET RR 
ANTENNA MODE FLAG AS 
APPROPRIATE 

IS DSKY LAMP 
TO SHEET 2 YES NO TEST IN PROGRESS? 

TO SHEET 2 

EXll R25 

TO SHEET 2 TO SHEET 2 

YES rllO 

NO 

IS RR AUTO MODE 
DISCRETE PRESENT? 

"-'1"---' NO '(S9 

IS RR DATA 
FAIL. FL'l SET? 

NO YES----' 

TURN OFF 
TRACKER 
FAIL LIGHT 

TURN ON 
TRACKER 
FAIL LIGHT 

WAIT l SECOND. 
RESO TU RN ON FLAG. 

~ 

Fig.5-55 Monitor Routine(R25) (sheet 1 of 2) 
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I 
FROM SHEET FROM SHEET 

l l 

~_T_' 
IS DSKY LAMP TEST 
IN PROGRESS? 

YES NO 

ARE RR CDU'S 
BEING ZEROED? 

YES 

IS RR AUTO MODE 
DISCRETE PRESENT? 

NO YES 

IS NO RR DATA 
FLAG SET? 

NO 

TURN OFF 
TRACKER 
FAIL LIGHT 

CONSULT 
BACKUP 
PROCEDURES 

YES 

TURN ON 
TRACKER 
FAIL LIGHT 

TO SHEET l 

5 

IS NO RR MONITOR 
FLAG SET? 

NO YES 

EXIT R25 

IS MUNFLAG SET? 

NO YES 

EXIT R25 

FROM SHEET 
l 

EXIT R25 

IS THE ~El\"IODIE 

FLAG SET? 

NO 

IS THE RR CDU 
ZERO FLAG SET? 

NO . YES 

I S THE REPOSITION 
FLAG SET? 

NO YES 

IS THE RR AUTO MODE 
DISCRETE PRESENT? 

YES NO 

ARE RR GIMBAL ANGLES 
WITHIN PRESENT MODE 
LIMITS? 

NO YES· 

RF.MOVE RR TRACK ENABLE 
DISCRETE TO RR AND RESET 
RR ERROR COUNTER. SET 
REPOSITION FLAG, COMMAND 
RR GIMBALS TO REFERENCE 
POSITION FOR PRESENT RR 
ANTENNA MODE, RESET 
REPOSITION FLAG 

Fig.5-5.5 Monitor Routine(R25) (sheet 2 of 2) 
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PRO 

LGC 
ROUTINE 
SELECTION 

SET PRE-DESIGNATE COUNTER TO ALLOW 60 PASSES 
TO COMPUTE LOS · FROM L~ 1 ~0 CSM. SET FIRST 
PASS FLAG., SE;T . T (LOS) = .PRESENT TIME 
,LUS 10 SECONDS. 1 

· 1 r I I 

UPDATE LM STATE VECTOR TO T (LOS) USING 
I PLANETARY 1INERTIAL ORIENTATiON SUBROUTINE.' 
1UPDATE -CSM STATE VECTOR TO T(LOS) USING 

KEPLER SUBROUTINE. COM~UTE ,LOS FROM LM 
To' c 'sM AT T (LOS). ' ' 
IS COMPUTED tiOS WITHIN LIMITS OF PRESENT 
RR FIELD OF VIEW ? 

' i I ' " 

NO YES 

IS L=O? ·rs 1FIRST PASS 

DECR' L 
BY 11 

I ' 

FLAG SET ? 

: NO 
l I ' 

UPDATE CSM AND LM 
! S. V. US ING THE 
ERECISION INTEG

:':kATION. 'RECOMPUTE 
tos FROM i LM TO CSM 

!NCR 1r'.{LOS) 

IRESE'I' FIRST 
. ipASS FLAG. 

\ SET l)l.O R~ MONITOR AND 
\CONTINUOUS bESIGNATE 1FLAGS. 

;1NCR T(LOS) 
BY 110 'SEC ) 

\, r1;a~.Fo~L,:::oNTrNuous oEs,rG~ATE; 
't PF RR UNTIL\ 'PRESENT ' TIM~ EQUALS 
\ 1.'J;' (~dS)\ ~ . RESET CONTINUOUS D~R "'." 
\ I NATE FllAG. I ' 

E>t!Ti TQc. 
• it IN P22 

Fig. 5-SSA Lunar Surface RR predesignate routine _ (R26) 
I " I I I 

t : ~ ' ' 
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During normal RR tracking under control of P20, the angle between the LM +;;, 

axis and the RR LOS is maintained by R22 within the 30 degree limitation. This is 

accomplished by LM attitude maneuvers under control of R61. Therefore, when the 

track flag is set (within P20), the limits defined should never be exceeded. However, 

H2 5 monitoring of RR gimbals becomes important when the track flag is reset, :=i.s 

during maneuvers for thrusting. If this occurs, R61 must again be performed. 

5.2.3.50A Lunar Surface RR Pre Designate 'R.outine (R26) 

The Lunar Surface RR Pre-Designate Routine (Fig. 5-SSA) 

determines the RR LOS to the CSM at the time when the CSM 

enters the RR field of view. This routine also designates 

the RR,before the CSM arrives in the field of vie~, to 

an orientation that will permit the acquisition of the CSM 

immediately upon its entry into the field of view • This 

routine is called automatically by the RR Designate Routine 

(R21) during the Lunar Surface Navigation Program (P22) if 

the CSM has not yet arrived in the RR Mode 2 field of view. 

P22 should not be initiated by the crew until less than 10 

minutes before the CSM is expected to arrive within the RR 

field of view. 
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5.2.3.51 Powered Flight RR Designate Routine (R29) 

This routine points the RR at the CSM until automatic acquisition of the CSM 

is accomplished by the radar, while the LGC is performing either P12, P70 or P71. 

This routine (See Fig. 5-56) also provides for a downlink transmission of the RR 

data. This routine is call automatically every 2 seconds by servicer (Ave G) only 

during P12, 70 or 71. 

5.2.3.52 Orbit Parameter Display Routine (R30) 

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

to 300,000 feet for Earth Orbit or 35,000 ft for Lunar Orbit, the orbit parameter 

display routine is called. (See Fig. 5 - 57.) This routine is called manually at 

a ny time by keying V82E . If the perigee altitude is greater than 300,000/35,000 

ft the TFF display will read - 59B59. 

5.2.3.53 Rendezvous Parameter Display Routine (R31) 

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

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

time, the rendezvous parameter display routine is called by keying V83E. (See 

Fig. 5-58.) Range and range rate are calculated on the basis of LM and CSM 

state vectors. The RR is not required to be operating. 
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LGC ROUTINE SELECTION 

START POWERED FLIGHT RR 
DESIGNATE ROUTINE (R29l 

IS 'THE NO. R29 FLAG SET? 

NO 

IS THE READR 
FLAG SET? 

NO YES 

.ARE THE RR CDUS 

YES 

BEING ZEROED? .RESET THE DESIGNATE FLAG 

NO YES 

IS RR AUTO MODE 
DISCRETE PRESENT? 

YES NO 

EXIT R29 

IS THE REP OS 1- RESET DES I GNATE FLAG 
TION FLAG SET? 

NO YES 

IS THE REMODE 
FLAG SET? 

NO YES 

EXIT_~~) 

EXIT R~ 

IS DESIGNATE 
FLAG SET? 

YES NO 

EXIT R29 

SET DESIGNATE FLAG, REMOVE 
RR TRACK ENABLE, RESET 
LOSCM AND OLDES FLAGS, EN
ABLE RR ERROR COUNTERS 

Fig. 5-56. Powered flight RR designate routine (R29) (sheet 1 of 2) 
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CALCULATE THE PRESENT 
LOS TO THE CSM AND RE 
LATl VE VELOCITY OF CSM 
WRT THE LM 

SET LOS CM FLAG, UPDATE 
R2900DES SUBROUTINE 
WITH ABOVE LOS AND 
RELATIVE VELOCITY DATA 
RESET LOSCM FLAG • 

IS OLDES FLAG SET? 

NO YES 

SET OLDES 
FLAG 

CALL BEGDES29 SUBROUTINE 

CALL R29DODES 

EXIT R29 

IS DESIGNATE FLAG SET? 

YES 

EXIT IS LOS CM FLAG SET? 

IS RR IN MODE 12? 

YES NO 

SET REPOSITION FLAG, 
COMMAND RR TRUNNION 
TO -180 DEGREES, RESET 
REPOSITION FLAG 

EXIT R29 

SET REMODE FLAG, 
COMMAND RR COU'S 
TO PLACE ANTENNA IN 
OTHER MOOE, RESET 
REMODE FLAG 

NO YES i-.,;;..__ _ _, 

Fig. 5-56. Powered flight RR designate routine (R29) (sheet 2 of 2) 
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I 
V82E 

DO R7G. 
AVERAGE G ON? 

YES NO 

SET LGC ASSUMED 
OPTION TO 0000 l 

FL V04N12 
00002 
oooox 
BLANK 

EXTRAPOLATE SELECTED 
VEHICLE STATE VECTOR 
TO PRESENT 

V22E 
LOAD DE
SIRED DATA 

COMPUTE APO ALT AND .....,...,.. 1IS TFF COMPUTABLE? 

PER ALT AND TFF 

RESET EXTENDED VERB 
ACTIVE AND NO MARKS 1---m., 
ALLOWED FLAGS. · 

EXIT 
R30 

YES 

SET TFF 
PER= 0 
COMPUTE 
TF •' 

FL 'Vl6N44 
AJ?O l\LT 
PER ALT 
TFF 

I . ' 

NO 

SET TFF 
=-:59B59 
COMPUTE 
TF PER 
ANO STORE 
IN N32. 

IS 'EXTENDED VERB 
1 ~CtIVE FLAG SET? 

NO 

Rev. V 

Fig. S-57. Otbit parameter display routine (R30). 
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i V83E 

DO R76 • 
EXTRAPOLATE STATE 
VECTORS TO PRESENT 

TIME. 

\ 

•' 
IS AVERAGE G ON ? I 

NO ,YES 
I 

IS SURFACE 
FLAG SET ? 

EXTRAPOLATE CSM STATE VECTOR 
TO AVERAGE G TIME. 

YES 

EXTRAPOLATE LM S.V. 
USING KEPLER 

EXTRAPOLATE LM S. V. 
TO PRESENT TIME USING 
PLANETARY INERTIAL 
ORIENTATION SUBROUTINE. I f 

EXTRAPOLATE CSM S. V. 
TO PRESENT TIME USING 
KEPLER. 

' I ', .. ·~~11--------" 
CALCULATE RANGE, RANGE 
RATE AND THETA. 

' IS EXTENDED VERB ACTIVE 
\ ' FLAG SET ? 

1 ,NO YES 

,RESET. NO MARKS ALLOWED 
FLAG. 

FL Vl6N54 
RANGE 
RANGE . RATE 
THETA 

ir 
(EXIT \ PRO · 

' 
RESET EXTENDED 'VERB 
ACTIVE FLAG. 

Fig, 5-58 Rendezvous parameter display routine (R31). 
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5.2.3.54 LGC Clock Synchronization (R33) 

The LGC / CMC clock synchronization routine is entered by keying in V06 N65. 

(See Fig. 5-59 .) Upon keying an ENTR the LGC records the contents of the LGC 

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

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

get the time displayed so a comparison can be made. 

5.2.3.55 Rendezvous Out-of-Plane Display Routine (R36) 

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

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

of plane parameters; Y, Y DOT and PSI. Y and Y dot represent the out-of-plane 

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

the forward direction, measured in the local horizontal plane. 

5.2.3.56 DPS/APS THRUST FAIL ROUTINE (R40) 

The DPS /A PS Thrust Fall Routine (Fig. 5-61) monitors the IMU PIPA outputs 

for evidence of DPS or APS thrust and initiates engine fail procedures if the thrust 

monitor indicates a lack of thrust when the engines should be on. This routine is 

automatically called by the thrusting program in process. 

5.2.3 . 57 State Vector Integration (MID TO AVE) Routine (R41) 

The State Vector Integration (MID TO AVE) Routine (Fig. 5-62) integrates the 

state vector of this vehicle to the time at which the ave g routine will be turned on 

by the calling program. This routine also defines a new TIG for programs 40, 41, and 

P42 in the event the state vector cannot be integrated to the time defined by 

programs 12, 40, 41, 42 or 63 and informs the crew that TIG has been slipped 

by lighting the alarm LT. The routine is automati'cally called. 
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DO I HAVE A PRE· 
CISE VALUE FOR THE 
DIFFERENCE BETWEEN 
THE CMC & LGC CLOCKS? 

NO 
KEY V06 N65i 
ENTR 

RECORD CONTENTS 
OF LGC CLOCK AT 
TIME OF ENTER 

DISPLAY 
V06 N65 

HRS 
MIN 
SEC 

RECORD 
COMPUTE DIFFERENCE 
BETWEEN LGC & CMC 
CLOCK TIMES 

DO I 
WISH TO TAKE 

MORE DATA 
READS? 

EXIT 
R33 

EXIT 
R33 

YES 

KEY V55E 
HRS 
MIN 
SEC 

NOTE: COORDINATE TIME 
OF ENTR WITH 
OTHER VEHICLE 

Fig. 5-59. LGC/CMC clock synchronization routine (R33) 
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V90E 

DO R76. SET T (.l!:VEN'r) = O. 

NO 
V25E 

LOAD NEW DATA 

FL V06N16 
GET (EVENT) 

DO 
I WISH LGC 

TO COMPUTE 
PARAMETERS 
FOR PRESENT 

TIME? 

KEY PRO 

IS T (EVENT) ZERO? 

NO 

EXTRAPOLATE LM AN~ 
CSM STATE VECTORS 
TO T (EVENT) 

NO 

RE.SET EX'TENDED VERB 
ACTIVE AND NU MARKS 
ALLOWED FLAGS. 

EXIT 
R36 

YES 

EXTRAPOLATE LM AND 
CSM STATE VECTORS 
TO PRESENT 

CALCULATE Y, 
~ & PSI 

FL V06 N90 
y 
Y DOT 
PSI 

V32E 

Fig. 5- 60 Rendezvous out-of-plane display routine (R36). 
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LGC 
ROUTINE 
SELECTION 

RESET STEERFLAG TO DI SABLE TVC 

I S AUX FLAG SET? 

YES NO 

SET AUX 
FLAG 

SET USEQRJTS 
FLAG IN DAPBOOLS 

IS THE ABSOLUTE VALUE OF 
THE TOTAL DELTA V MEA
SURED BY THE PIPAS OVER 
THE LAST SERVICER CYCLE 
LESS THAN THE THRESHOLD 
VALUE? 

YES NO 

SET STEER FLAG TO ENABLE TVC 
SET DELTA V COUNTER • 1 
IS APS FLAG SET? 

NO YES 

TO SHEET 
2 L-IS GIMBAL FAIL DISCRETE 

PRESENT FROM THE DPS? 

NO 

[Il1~1~5~2:~t~J · SET USEQRJTS 
FLAG IN DAPBOOLS 

~ 

RESET AUX FLAG. SET 
USEQRJTS IN 
DAPBOOLS 

EXIT 
R40 

EXIT 
R40 

EXIT R40 

Fig. 5-61. DPS/APS thrust fail routine (R40) (sheet 1of3) 
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FROM 
SHEET 1 

IS THE DaTA v COUNTER~ 07 

YES NO 

SET I DLEFLAG TO DI SABLE 
R40 ON NEXT SERVICER PASS. 
SET THE DaTA v COUNTER • 4. 
CALL V97 DISPLAY 

FL V97 NXX 

DOES 

DECREMENT THE DaTA 
V COUNTER BY 1 

STOP VEHICLE ATTITUDE 
RATES. SET USE-QR-JETS 
FLAG IN DAPBOOLS 

VERB NOUN 
FLASH REQUEST 

PLEASE PERFORM 
ENGINE FAIL 

PROCEDURES? 
c~XIT R40 ) 

DO I 
WISH TO 

VERIFY LGC 
I NTERP RETA Tl ON 

OF THRUST 
FAILURE? 

RESET I DLEFLAG TO 
ENABLE R40 ON NEXT 
SERVICER PASS 

RESTORE PREVIOUS 
DISPLAYS 

EXIT R40 

DO I YES 
WISH TO AT- ENTR 

TEMPT COMPLETION ~----
OF THIS MA-

NEUVER? 

DO ROO - \ 
EXIT R40_j 

TERMINATE ANY THROffiE UP COMMAND 
IN WAITLIST. COMMAND ENGltiE OFF. 
ZERO DPS AUTO THROffiE. SELECT 
OTHER RCS SYSTEM. COMMAND +X 
TRANSLATION. IS THE PRESENT PRO
GRAM P70 OR P71? 

YES NO 

RESET IGNITION FLAG. 
RESET ASTROl\AUT FLAG. 
CALL VERB 99 IJ I SPLAY 

GO 
TO "F" IN 

PROGRAM IN 
PROCESS 

TO SHEET 
3 

Fig. 5-61 • DPS/ APS thrust faf I routine ( R40) (sheet 2 of 3) 
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FROM SHEET 2 

SET IGNITION FLAG. 
IS ASTRONAUT FLAG SET? 

YES NO 

FL V99 NXX 

SHALL I 
ATIEMPT TO 

COMPLETE THIS 
MANEUVER US I NG 

THE RCS? 

~-------- AND PROGRAM 
GO TO "D" 

( 

E~/R~ 
IN PROCESS 

IS IMPULSE FLAG SET? 
UT IS ALWAYS RESET 
FOR P70 AND P711 

NO 

RESET IGNITION FLAG, 

IN PROGRAM · 
IN PROCESS 

AST RONA UT FLAG, RESET I OLE 
FLAG TO ENABLE R«l ON NEXT 
SERVICER PASS, CALL FOR 
RESET OF ULLAGE FLAG IN 
0.5 S[CONDS 

COMMAND ENGi NE ON. 
RESTORE PREVIOUS DIS
PLAYS. 

YES 
PRO 

SET ASTRONAUT FLAG . 
IS IGNITION FLAG SET? 

YES NO 

RESUME STATIC DIS
PLAY OF V06 NXX 

fig. 5-61. DPS/APS thrust fail routine (R40) (sheet 3 of 3) 
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LGC ROUTINE SELECTION "A" 

SET MID l.FLAG 

READ PRESENT TIME 

IS Ml Dl FLAG SET? 

YES 

IS PRESENT TIME PLUS 
0 SECONDS MINUS TDECI 

GREATER THAN ZERO? 

NO YES 

NO 

TURN ON PROGRAM ALARM 
LIGHT AND STORE ALARM 
CODE 1703 

LGC 
---- ROUTINE 

RESET MID 1 FLAG 

DEFINE TDECl TO 8£ 
EQUAL TO PRESENT 
TIME PLUS20SEC 

SELECTION 11 811 

INTEGRATE THIS VEHICLE'S 
STATE VECTOR ONE TIME 
STEP OR TOTDECI IF LESS 
THAN ONE Tl ME STEP 

IS INTEG!<ATION FINISHED? 

IS MIDl 
FLAG SET? 

E~ 

EXIT 
R41 

NO 

YES 

SET TIG • TDECI 
PLUS J> SEC 

Fig. 5-62. StateVector Integration (R41) 
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5.2.3.58 AGS Initialization Routine (R47) 

The AGS initialization routine is entered by keying in V47 (See Fig. 5-63). This 

routine provides the AGS electronics assembly with the LM and CSM state vectors. 

5.2.3,59 Coarse Align Routine (R50) 

Coarse alignment of the IMU is performed by R50. (See Fig. 5-64.) This 

routine is automatically selected by P52 to inertially stabilize the platform at 

either the preferred or nominal orientation. It obtains through the ICDU read 

counters present IMU orientation and calculates the orientation of the vehicle. The 

desired orientation is obtained from storage and the required final gi.mbal angle 

changes are determined. If any of the gimbal angle changes are greater than 1 

degree, the ISS is switched to the coarse align moae by the ISS error counter 

e nable and coarse align discretes. (The ISS is also put into the coarse align mode 

in P51.) Attitude hold of the vehicle is terminated, and the LGC enters into each 

error counter the number of pulses necessary to produce the desired analog drive 

signals. The NO ATT light is on for approximately 15 seconds. At the conclusion 

of this period, the error counters are zeroed and the discretes removed so that 

the ISS enters the inertial reference mode. 

5.2.3.60 Fine Alignment Routine (R51) 

Fine alignment of the IMU to a desired inertial orientation is performed by the 

fine alignment routine. (See Fig. 5-65.) This routine sequentially calls up R52 for 

.automatic optics positioning and R53 (see section 5. 2. 3. 62) for sighting marks 'for 

the first selected star. These routines are then repeated for a second star that is 

within 50 ° to 100 ° from the first star. The accuracy of the star sighting is then 

checked by R54 (see section 5. 2, 3. 63) which is followed by the gyro torquing 

routine (R55) to accurately torque the gyros to the calculated stable member attitude. 
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YES 
RECORD 

PRO 

SET NODOV37 FLAG. EXTRAPOLATE 
CSM AND LM STATE VECTORS •. 
+RANSFORM STATE VECTORS TO 
IMU COORDINATES. SUB'TRACT 
K FROM EACH 'STATE VECTOR. 
TRANSMIT STATE VECTORS ON 
AGS DOWNLINK. WAIT 20 SECONDS. 

V47E 

IS THE REFSMMAT FLAG SET? '"---------.-J NO 
V06 Nl6 YES PROGL TON 
K HRS (00220) 
KMIN RSET 
K SEC 

KEY V25E 
LOAD NEW 
VALUE OF K 

EXIT R47 

KEY V 32E 
KEY ENTR ON 
DSKY & DEDA 
SIMULTANEOUSLY 

RECORD G.E.T. 
AND STORE ASK 

IS !MUSE FLAG SET ? 

NO YES 

IS IMU ON ? 

YES ~N;.;:;;0_-11~ 

ZERO ISS CDU'S 

RESET NODOV37 FLAG 

FL VSON16 
PRO 

RESET EXTENDED 
VERB ACTVY, ANO 
NO MARKS ALLOWED 
FLAGS 

Rev. V 

Fig. 5•63 AGS initiali zat ion routine.(R47). 
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SWITCH ISS TO COARSE 
ALIGN MOOE 

AUTOMATICALLY 
SELECTED 
FROM P52 

READ PRESENT IMU 
ORIENTATION. CALCULATE 

LM INERTIAL 
ORIENTATION 

CALCULATE REQUIRED 
FINAL GIMBAL ANGLES 

TO GIVE DESIRED 
INERTIAL 

ORIENTATION 

IS ANY REQUIRED 
GIMBAL ANGLE CHANGE 

GREATER THAN 
1 DEGREE? 

NO ATT LT - ON 

DISABLE OAP.RESET 

TRACK & ORI FT 
& REFSMMAT FLAG,. 
COARSE ALIGN ISS. 
ENABLE OAP 

NO ATT LT - OUT 

NO 

DEFINE REFSMMAT 
TO BE THE DESIRED 
IMU ORIENTATION 

EXIT 
RSO 

SET DRIFT FLAG. 

Fig. 5-64 Coarse align routin e (RSO) flow diagram. 
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FROM 
SHEET 2 

AUTOMATICALLY SE· 
LECTED FROM P52 

FL VSO N25 
___ 00015 

DO I WISH 
NO ASSISTANCE IN ------c SELECTING 2 STARS 

ENTR SUITABLE FOR 
ALIGNMENT' 

YES 

DO STAR SELEC· 
TION ROUTINE 

2 STARS 
AVAILABLE 

2 STARS NOT 
AVAILABLE 
FL VOS N09 

SELECT STAR 
NO. 1 

SET STAR IND!· 
CATOR = 0 

DO RSZ 

TO SHEET 2 

00405 

FROM 
SHEET 
1 & 2 

V32E 

Fig. S-'65 Fine alignment routine (R51) (sheet 1 of 2). 
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EXITR51 

DO R54 

EXIT B 

FL V50 N25 
00014 

PRO 

FROM 
SHEET 1 

DO R53 

IS STAR INDICATOR > O? 

YES NO 

SET STAR INDI
CATOR = I 

WAS A PAIR OF STARS PRE
VIOUSLY DEFINED BY THE 
STAR SELECTION ROUTINE? 

NO YFS 

SELECT ST AR NO. 2 
FOR USE BY R52 

TO SHEET I 

Fig. 5- 6 5. Fine alignment routine (RSl ) (sheet 2 of 2). 
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5.2.3.61 Automatic Optics Positioning Routine (R52) 

During fine alignment, the automatic optics positioning routine is used to 

maneuver the LM attitude so that a selected star will be available within the AOT 

FOV. Upon entry into the routine, the displayed star code is the one recommended 

by the internal star selection routine. (See Fig. 5-66 .) If another star is desired 

its star code must be loaded into the DSKY via a V21E. The desired vehicle 

attitude is then defined to be the center AOT LOS along the LOS to the selected 

STAR. The attitude MANEUVER is then performed by R60 to this LOS. 

5.2 .3. 62 Sighting Mark Routine (R53) 

This Routine is called automatically by P51, P57 and R51. (See Fig. 5-67.) 

The astronaut loads the appropriate star code and AOT detent code, zeros the 

reticle counter, sets the PGNCS in attitude hold to obtain an attitude deadband, 

and Keys V76 to place the DA P in the minimum impulse mode. Optical sightings 

are then made on a given sta; by varying the LM attitude so that the star will cross 

the X and Y reticle lines near the center of view. The astronaut depresses the X 

or Y button when the star crosses the corresponding reticle line. If a button is 

inaccurately depressed, a depression of the REJECT button cancels the previous 

marks. 

When the star coincides with one of the reticle lines, this defines a plane 

containing a star. Once the location of the star has been established in two separate 

planes, the LOS to the star can be obtained by solving for the intersection of these 

two planes. Multiple sighting to a star can also be taken to average the LOS vector. 
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AUTOMATICALLY 
CALLED FROM R51 

AB = ZERO 
. C = AOT DETENT 

D.E =STAR CODE IN OCTAL 

V21E 
LOAD DESIRED 

STAR CODE 
& DETENT 

NO 
PRO 

RESET 3- AXIS FLAG 
IS AOT DETENT 0 or 7 

NO 

COMPUTE'LOS VECTOR 

DO CELESTIAL 
BODY DEFINITION 
ROUTINE (R58) 

DEFINE SPECIFIED LOS 
FOR USE BY R60 

YES 

V06N87 
OPT AZ 

PT EL 

LOAD 
DATA 
VIA 
V24E 

DO R60 

Fig. 5- 6 6 Auto optics positioning routine (R52). 
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LGC 
ROUTINE 
SELECTION 

START AOT MARK ROUTINE 
R53. DOES MARK STATUS 
REG I STER I ND I CATE THAT 
THIS ROUTINE IS ALREADY 
IN PROCESS? 

-------.---
NO YES 

IS EITHER THE MARK IN PRO
GRESS OR NO MARKS ALLOWED 
FLAGS SET ? 

PROG LT ON 
(tol05) 

YES NO 
PROG LT ON (31211) __ ...._ _____ .... 

DO RESTART 
(RESET MA 

SET THE MARK IN 
PROGRESS FLAG .. 

IN PROGRESS -IS_A_N-LG_.CL-V_A_C---. 

AND NO MARK AREA AVAILABLE 
ALLOWED FOR COMPUTATIONS? 
FLAGS)!. 

I NO YES 
PROG LT ON 

(3l207l SET MARK INPUT 
INHIBIT FLAG 

DO RESTART 
(ALL VAC AREAS 

ARE RELEASED) . 

V21E 
LOAD 
DESIRED 
DATA 

DO ROO 

FROM SHEET 2 

PRO 

FROM 
R57 

TO SHEET 2 

Fig. 5-67. Sighting Marie Routine ( R53) (sheet 1 of 3) 
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FROM 
SHEET l 

IS AOT DETENT CODE OOOXX? 

NO YES 

I S AOT DETENT CODE • 

007XX? 

NO 

PICK UP Al & EL 
CALIBRATIONS 
FOR SPECIFIED 

YES 
FL V06 N87 

OPT AZ 
OPT£L 
BLANK 

DETENT FROM STORAGE 

PI CK UP APPARENT 
ROTATION COMPENSATION 
FOR SPECIFIED DETENT 
FROM STORAGE . 

YES 
PRO 

ARE 
CALIBRATIONS 

DISPLAYED COR
RECT? 

PICK UP AZ AND EL CALI 
BRATIONS FROM DISPLAY 

COMPUTE X & Y PLANE VECTORS 
AND OPTICAL AXIS VECTOR 

ZERO MARK IDENTIFIER 
ZERO MARK COUNTER 

4 TO SHEET 3 

NO 

TO 
SHEET l 

V24E 
LOAD 
CORRECT 
DATA 

3 FRG\1 
SHEET 3 

Fig. 5-67. Sighting Mark Routine (R53) (sheet 2 of 3) 
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FROM 
R57 

c 

FROM 

17\ FROM 
\.. .. )SHEET 2 

R57 RESET X MARK, Y MARK, MARK INPUT INHIBIT, 
MARK REJECT AND MARK PAIR FLAGS 

FL V54 N71 
ABCDE 

COMPLETE 
SIGHTING MARK 

PROCEDURE 

V34E 

ITO DEF I NE NEW 
STAR & CONTINUEI 

SET MARK INPUT 
INHIBIT FLAG 

(TO CONTINUE 
MARKINGS ON 
SAME STAR) ffO TERMINATE) 

ARE MARK X AND 
MARK Y FLAGS SET ? 

YES NO 

CHECK MARK COUNTER 

>O 0 

DO ROO 
EXIT R53 

& PXX 

PROG LT ON 
(001111 

THROWAWAY 
ANY UNPAIRED 
MARK DATA 

DECREMENT MARK 
COUNTER BY ONE 

CALCULATE LOS VECTOR 
TO CELE ST I AL BODY US I NG 
MOST RECENT PAIR OF X & Y 
MARK DATA AND AVERAGE 
WITH PREVIOUSLY COMPUTED LOS 
VECTOR TO THE BODY 

TO 
SHEET 2 

SET MARK STATUS REGISTER • 0 

RESET MARK IN PROGRESS FLAG 

EXIT R53 

2 TO 
SHEET 

I 

Fig. 5-67. Sighting Mark Routine (R53) (sheet 3 of 3) 
Rev. V 
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5 .2 .3.63 Sighting Data Display Routine (R54} 

This routine is normally automatically called by the IMU orientation deter

mination program (P51), lunar surface alignment (P57),or the inflight fine align 

routine (R51). (See Fig. 5-68 . ) This routine calculates the angle difference 

between two st a.rs using the measured data versus the actual data. This angle 

difference is displayed on the DSKY until keyboard entry by the operator. 

5.2.3.64 Gyro Torquing Routine (R55) 

The inflight fine alignment to calculate the gyro torquing angles, to display 

these angles, and to align the stable member to the calculated orientation is per -

formed by the gyro torquing routine. Upon entry into R55, the torquing angle s for 

e a ch gyro are calculated. (See Fig. 5-69 .) The LGC has been monitoring the 

associated ICDU read counters. Line of sight data obtained from R53 is transform e d 

into stable member coordinates . From the difference between the actual gimbal 

angle and the desired gimbal, the LGC computes the angular rotation about each 

stable member axis necessary to change the stable member to the desired co-

ordinate frame. The angles through which each gyro must be torqued are displayed 

in the DSKY registers. Upon reception of PRO in response to this display, the 

LGC generates the gyro torquing pulses to each gyro. Upon completion of tor'-:luing, 

stable member orientation may be checked with another set of star sighting. 

5 .2.3.65 Terminate Tracking Routine (R56) 

The purpose of this routine is to provide the special operating procedures for 

the termination of programs P20, P22, and P2 5. This routine is called manually 

by keying in V56E or under certain conditions by keying in V34E (See figure 5- 70) 

5. 2. 3. 66 MARKRUPT Routine (R57) 

This routine accepts and processes crew inputs of mark X, mark Y and mark 

reject, associated with the alignment marking process. This routine also accepts 

and stores crew inputs associated with the rate of descent phase of the Lunar 
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AUTOMATICALLY 
CALLED BY P51 

P57,0R R51 

CALCULATE ANGLE BETWEEN 
TWO caESTIAL BODIES 
US I NG STORED EPHEMERIS 
DATA (ACTUAL). CALCULATE 
ANGLE BETWEEN TWO caESTIAL 
BODIES USING VECTORS DE
RIVED FROM MARK DATA 

FL V06 NOS 
RI= SIGHTING ANGLE 

DIF. IN DEGREES 

DOES 
SIGHTING ANGLE 

DIFF EXCEED THE 
ACCEPTABLE 

NO LIMITS? 

EXIT 
A 

EXIT 
R54 

EXIT 
B V32E 

EXIT 
R54 

Fig. 5-68. Sighting Data Display Routine (R54). 
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EXIT 
R55 

AUTOMATICALLY 
CALLED FROM R51 

CALCULATE REQUIRED 
TORQUING ANGLES 

FOR EACH GYRO 

FL VOG N93 
X. Y. Z GYRO 

CONSIDERING 
ANGLES, SHALL 

I PERMIT 
TORQUING? 

V32E PRO 

PULSE IRIGS 
THROUGH DESIRED 

ANGLES 

EXIT 
R55 

Fig. 5-69. Gyro torquing routine {R55) flow diagram. 
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V56 E 
OR 

(V34 E IN RESPONSE TO A 
FLASHING VERB NOUN ORIGINATED 
BY P20, 22 or 251 

IS RENDEZVOUS OR P25 
FLAG SET? 

YES 

RESET THE RENDEZVOUS 

AND P25 FLAG 

IS THE TRACK FLAG SET ? 

YES NO 

NO 

RESET TRACK, UPDATE,AND IMUSE 
FLAGS. WAIT FOR ANY INTEGRATION 
TO FINISH. DO .6TOPRATE TO ZERO 
VEHICLE RATES. SET DEADBAND 
TO VALUE SPECIFIED BY R03. 

PESET BIT 10 OF 
RADMODES IRR DESIGNATE IN PROGRES~I. 
RESET BIT 15 OF RADMODES !CONTINUOUS 
DESIGNATE) REMOVE RR TRACK ENABLE 
DISCRETE FROM THE RR. 

EXIT 
R56 

EXIT 
R56 

IS P22 IN PROCESS ? 

IS P20 IOR P251 THE 
ONLY PROGRAM IN PROGRESS? 

YES NO 

DO ROO 
EXIT R56 

...._ __ ---I 

Fig. 5-70. Terminate Tracking Routine ( R56) • 
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Landing. (See fig. 5-71.) This routine is automatically called whenever the Mark 

X, Mark Y or Mark reject pushbutton or the Rate of Descent switch is used by the 

operator. 

5. 2. 3. 66. 1 Celestial Body Definition Routine (R58) 

The Celestial Body Definition Routine (Fig. 5-71A) is used to obtain the correct 

celestial body vector from information specified by the crew during IMU alignment. 

This routine is automatically called by P51, R51 and R52. 

5. 2. 3. 67 Lunar Surface Sighting Mark Routine (R59) 

The Lunar Surface Sighting Mark Routine (Fig. 5-72) is used while on the 

moon to perform AOT sightings on a celestial body to obtain data for the Lunar 

surface align program ( P5 7). This routine is automatically called by P5 7. 

5. 2. 3. 68 Attitude Maneuver Routine (R60) 

To perform a LM or CSM/LM attitude maneuver, the attitude maneuver routine 

is called by the program in process. It is called by P40, P41, P42, and P63. The 

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

specific body fixed vector or a direction in space in which this vector is to be aligned. 

The attitude maneuv:er may be performed automatically by the PGNCS or per

formed manually with an optional final automatic PGNCS controlled trim man

euver. (See Fig. 5-73.) This optional trim maneuver should be considered 

essential for maneuvers to DPS or APS thrusting. 

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

such a way as to conserve RCS fuel and not constrain any unspecified degree of 

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

com promised if the LM atti.tude is changed by manual inputs after the initial trim 

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

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

l 
ROUTINE 
SELECTION 

[ STO~E ~Rr~~~u~s ~F-~D~ x. y & z AND Tl~ 

~ASTHI s ROUTINECALLED-BY-MARKX: MARK Yl 
R MARK REJECT ACTIVITY ( ___ j 

___ __ _ __ ]Y~~ --- ---- ----- ----·: ___ ]_No __ 
IS MARK INPUT INHIBIT WAS THIS ROUTINE CALLEO BY 
FLAG SET ? A +OR - ROD COMMAND ? 

NO YES YES • NO 

··-·--J DOES MARK STATUS 
REG I STER I NO I CATE 
THAT R53 IS IN 
PROCESS ANO MARKS 
ARE BEING PROC~SSEO 

YES NO 
PROG LT ON 
(001121 

EXIT R57 

·- ---··------------~ 

WAS THIS ROUTINE CALLEO BY 
MARK REJECT ACTtVITY 

NO YES 

l 

TO SHEET 4 NO YES 

STORE ROD 
COMMAND FOR 
POSSIBLE USE 
BY P66 

[is SURFACEFlAG SIT 7 
[CHECK THE MARK COUNTER j 

Is \~~ y MARK FLAG~ET ? __ _ j I> 0 -~ 

2 

TO 
SHEET 

2 

PROG DECREMENT COUNTE_R_BY l -1 
LT ON 
(00115) 

Fig.5-71 Markrupt Routine (R57) (sheet 1 of 4) 
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FROM 
SHEET 1 

RESET MARK PA IR COUNTER 
SET MARK REJECT FLAG 
WAS MARK REJECT FLAG PREVIOUSLY SET 

NO 

RESET THE MARK 
FLAG CORRESPOND I NG 
TO THE PRESENT 
MARK IDENTIFIER 

YES 

RESET MARK X & MARK Y FLAG 
SET VERB POINTER TO V54 

8 i---~ 

FROM 
SHEET 

3 

FROM 

SET VERB POINTER TO 
NEXT APPROPRIATE MARK 
REQUEST 

IS SURFACE FLAG SET ? 

SHEET 4 YES NO 
4 

COMPLETE 
SIGHTING MARK 

PROCEDURE 

FL V06 N79 
CURSOR ANGLE 
SPIRAL ANGLE 
POS I Tl ON CODE 

V32 E --..... · PRO~ 
· DO ROO\ 

EXIT R5~_) 

SET MARK 
PAIR COUNTER 

STORE CURSOR AND 
SP IRAL ANGLES 

TO SHEET 4 

GOTO A 
IN R53 

FL VXX N71 
. ABCDE 

BLANK 
BLANK 

- ) DO ROO 
EXIT R57 

- ·--·--· 

ITO DEFINE A 
NEW STAR AND 
CONTINUE MARKING) 

Fig. 5-71 Markrupt Routine (R57) (sheet 2 of 4) 
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CHECK MARK COUNTER 

INCREMENT MARK 
COUNTER BY l 

< 4 

RESET MARK PAIR FLAG 
MARK X FLAG AND 
MARK Y FLAG . 

> 4 

FROM (;\ 
SHEET 4 °\.!..J------~ 

TO 
SHEET 2 

CORRELATE MARK I DENT I Fl ER 
WITH X ANDY MARK 
FLAGS. IS THIS MARK A . 
DUPLICATE? 

NO YES 
STORE MARK PARAMETERS 
FOR USE BY R53 

PROG LT ON 
(00114) 

IS SURFACE FLAG 
SET? 

NO 

RESET MARK 
REJECT FLAG 

YES 

SET MARK X OR MARK Y FLAG 
TO MATCH MARK IDENTIFIER 
ARE MARK X & MARK Y FLAGS SET ? 

NO YES 

SET MARK PAIR FLAG 

TO SHEET 2 

EXIT 
R57 

4 TO 
SHEET 2 

TO 
SHEET 4 

Fig. 5 - 71 Ma rkr upt Rout i ne (R57) (sheet 3of 4) 
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) 

FROM SHEET 2 

IS MARK PAIR FLAG SET? 

YES 

CHECK MARK GO TO "A" 
COUNTER IN R53 

<4 2!4 

PROG LT ON 
00107 

IS SURFACE 
FLAG SET 

NO YES 

4 TO 

7 FROM 
SHEET 3 

SHEET 2 

INCREMENT MARK COUNTER BY l 

GO TO ) 
"C" IN R53 FROM SHEET l 
'-----" 

WAS TH IS ROUTINE CALLf,O BY 
A MARK X ACTIVITY ? 

YES NO 

SET MARK IDENTIFIER TO X , SET MARK IDENTIFIER TOY 

IS SURFACE FLAG SET? 

IS MARK PAIR 
FLAG SET? 

NO 

TO SHEET 3 

YES 

ZERO MARK IDENTIFIER 
SET X ANO Y MARK FLAGS 

Fig. 5-71 Markrupt Routine(R57) (sheet4 Of 4) 
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LGC 
ROUTINE 
SELECTION 

START CELESTIAL BODY 
Deli nition Routine 

IS STAR CODE • XXXOO? 

NO YES 

IS THE STAR CODE 

Fl V06 N88 
X Pl 
Y Pl 
Z Pl 

XXX 46, XXX 47 OR XXX 50 

NO 

OBTAIN STAR 
. VECTOR FROM 

STORED 
EPHEMERIS 

EXIT R58 

YES 

CALCULATE 
caESTIAL BODY 

· VECTOR FOR THE 
BODY DEFINED BY 
THE STAR CODE 

EXIT R58 

PRO 

EXIT R58 

ARE 
THE POSITION 

VECTOR COMPONENTS 
CORRECT 

Figure 5-71A Celestial Body Definition Routine IR581 
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TO SHEET 2 

LGC .ROUTINE SELECTION 

START LUNAR SURFACE SIGHTING MARK 
ROUTINE IR59) L-----i:=========::'.---1 1 

3 

REFSMMAT FLAG SET ? 

NO i...:E~S;:._~~~~ 

Fl VOl N70 
Rl -ABCDE 
BLANK 
BLANK 

CALCULATE STAR LOS IN NAV 
BASE COORDINATES. SET AOT 
POS ITI ON CODE TO 1 • 

IS THE ANGLE BETWEEN 
STAR LOS & OPTICAL AXIS 
LESS THAN 30 DEGREES? 

YES NO 

V21E 
LOAD 
DESIRED 
CODE 

IN CREMENT POSITION CODE BY 1. 
IS POSITION CODE:!. 7? 

YES 
Fl V05 N09 

00404 

NO 

CHANGE AZ 
VALUE TO 
AGREE WITH· 
POSITION 

TO SHEET 
1 DO I 

WISH TO 
PROCEED WITHOUT 

LGC SUPPLIED 
ACQUISITION 

DATA? 

CODE 

1 ~~ 
@TO St£ET2 

V32£ 
'----( 1 

Fig. 5-72. Lunar surface sighting mark routine (R59) (sheet 1 of 2) 
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IS ANGLE BETWEEN STAR LOS 
& AOT AXIS< 0.5 DEGREES? 

YES NO 

SET YROT & 
S ROT• 0 

CALCULATE 
YROT & SROT 

CONVERT THE REQUIRED AOT 
POSITION CODE TO THE COR· 
RECT AOT DETENT CODE FOR 
DISPLAY DURING R53 

·FL 
V06 N79 

CURSOR ANGLE 
SPIRAL ANGLE 
POS ITl ON GODE 

ARE 
THESE CONDITIONS 

ACCEPTABLE? 

V32E 
'-------._,1) TO SHEET 1 

2 r-------, 

FROM 
SHEET 1 DO AOT MARK 

ROUTINE R53 
EXIT R59 

Fig. 5-72. Lunar surface sighting mark routine (R59) (shee.t 2 of 2) 
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LGC ROUTINE SELECTION 

SPECIFY MODE 2 
ATTITUDE ERROR 
DSl?LY TO DAJi>. 
SET NEEDLE FLAG. 
RESET NEED2FLG. 

NO 
ENTR 

RESET 
3-AXIS 
FLAG. 

EXIT 

OBTAIN DESIRED ATTITUDE 
SPECIFICATION FROM THE 
CALLI NG PROGRAM 

NO 

IS 3AXIS 
FLAG SET? 

YES 

CALCULATE FINAL 
VEHICLE ATTITUDE 

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

TRANSFORM FINAL IMU 
ANGLES TO FINAL 
FOAi ANGLES 

FL V50 Nl8 
3 J--------i ROLL 

PITCH 
YAW 

YES 
MODE CONT 
TO ATI HOLD 

SHALL I 
HAVELGC 
RE~OMPUTE 

DESIRED ATTI
TUDE? 

YES 
MODE CONT 
-ATI H<l.D 

PRO 

Fig. 5-73. Attitude maneuver routine (R60) (sheet 1 of 2) 
TO 

SHEET 
2 
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FROM 
SHEET l 

IS 3 AXIS FLAG SET? 

CALCULATE FINAL 
VEHICLE ATIITUDE 

NO 

TRANSFORM FINAL IMU 
ANGLES TO FINAL 
FOAi ANGLES 

IS THE PGNCS IN AUTO MODE? 

YES 

AUTO ATT . CONTROL 
MODE BEEN SELECTED? 

YES NO 
V06 Nl8 
ROLL 
PITCH 
YAW 

NO 

YES 

SELECT PROPER 
GIMBAL ANGLES 

-----.----.f 3 

TO 
SHEET l 

Fig. 5- 73. Attitude maneuver routine (R60) (sheet 2 of 2) 
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A manual maneuver must be monitored on the FDAI ball to avoid gimbal 

lock. Prior to the automatic maneuver, the LGC calculates the possibility of 

gimbal locks; however, the automatic maneuver should also be monitored. Hence, 

during the automatic maneuver any ACA inputs are interpreted by LGC as a man-

ual override which causes termination of the LGC calculated maneuver. 

5. 2. 3. 69 Preferred Tracking Attitude Routine (R61) 

The preferred tracking attitude routine is called during P20 operation from 

. H23, H24, or from P20 proper. Using conic equations, R61 extrapolates the 

I Ll\/I and CSM s . v. to present time+3 sec and calculates the LOS from the LM 

to the CSM. (See Fig. 5- 74 ). It then defines the preferred attitude to be the . 

I 

I ,l\/I +Z axis along the LOS to the CSM and performs the required maneuver to 

this preferred attitude. 

5. 2. 3. 70 Crew-Defined Maneuver Routine (R62) 

The crew-defined maneuver routine is entered by keying in V 49E. (See 

Fig. 5 - 75 ). This routine provides the crew with the ability to specify a final 

vehicle attitude for use by an LGC controlled attitude maneuver. 

5. 2. 3. 71 Rendezvous Final Attitude Routine (R63) 

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

Fig. 5-76 ). This routine calculates and displays the final FDAI ball angles re-

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

5. 2·. 3. 72 Fine Preferred Tracking Attitude Routine (R65") 

The fine preferred tracking attitude routine (Fig. 5- 77) performs an auto-

matic trim to the preferred tracking attitude if the maneuver required is less 

than fifteen degrees or it notifies the crew that 

an attitude maneuver to the preferred attitude is required via R60. 
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/ l 

_) 

THIS ROUTINE IS 
AUTOMATICALLY CALLED 

~ BY P20. SET R61 FLAG 

~---1~~~~~~--~-----•~__..--~ 
IS TRACK 
FLAG 5-;T? 

I NO YES ,------__J 
IS RENDEZVOUS 
FLAG SET OR 
P25 FLAG SET ? 

YES t NO 

EXIT 
EXTRAPOLATE LM ANDCSM 
STATE VECTORS TO PRESENT 
TIME PLUS 3 SECONDS USING 
CONIC EQUATIONS. CALCU
LATE LOS FROM LM TO CSM. 
DEFINE THE DESIRED VEHICLE 
ATTITUDE TO BE THE +Z LM 
AXIS ALONG THE LOS TO THE 
CSM. HAVE PGNS CONTROL 
AND AUTO ATI CONTROL BEEN 
SELECTED? 

TRANSFORM DESI RED IMU 
ANGLES TO FINAL FOAi 
ANGLES AND STORE AS 
Nl8 

IS THE LM/CSM LOS >15 DEGREES · 
FROM THE LM +Z AXIS? 

....---__._t_NO____ l YES 

I r 

ISSUE DESIRED 
IMU GIMBAL ANGLES 
DI RECTI. Y lO THE 
RCS OAP 

RESET THREE 
AXIS FLAG. 
SET PRIORITY 
DISPLAY FLA(, 
FOR USE BY R60. 
SET 0.3 OESREE 
nFAORANO. 

l 
( DO R60 ) 

- .----'•·--~ 

RESET PRIORITY DISPLAY 
FLAG 

I IS R61 FLAG SET? I 
I NO YES 

--~~~~~~~~~ 

t ( EXIT R61 

IS NZ ZERO? I 
' NO I YES I NZ • NZ - 1 I .._ _ ____,, 

I ( EXIT R 61) 

SET DEAD BAND 
TO VALUE 
SELECTED BY 
R03 

I 

Fig. 5-74 Preferred Tracking Attitude Routine (R61) 
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V49E 

IS POO IN PROGRESS ? 

YES 

DO R76 

IS CURRENT PROGRAM POO? 

YES 
FL VOG N22 

·oG 
IG 
MG 

00 I 
WISH TO KEY IN 

NEW GIMBAL 
ANGLES? 

PRO 

SET 3 AXIS FLAG 

00 RGO 
EXIT R62 

NO 

NO 
OPR FRR LT ON 

EXIT 
R62 

RESET EXTENDED VERB 
ACTIVE AND NO MARKS 
ALLOWED FLAGS, 

Fig. 5-75. Crew-~efined maneuver routine (R62) 
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V89 E 

IS PROGRAM POO 
IN PROCESS? 

YES NO 
OP ERROR LT ON 

DO R76. 00 ' R02 '•' . 
SET LGC A£SUMED 
OPTION=00'.001. ' 

EXIT R63 

SHALL I 
ALLOW G&N TO 

DRIVE SPACECRAFT 
TO DESI RED 
ATTITUDE? 

YES 
KEY 

PRO 

RESET EXTENJlE 
VERB AC'I';tVE 
AND NO MARKS 

.ALLOWED .FLAGS. 

EXIT R63 

FL V04 Nl2 
00003 

NO 
V22E 

LOAD 
DESIRED 

.___.....,CODE 

00001 
BLANK 

PRO 

EXTRAPOLATE LM & CSM STATE 
VECTORS TO PRESENT TIME +l 
Ml NUTE. CALCULATE THE LOS 
FROM LM TO CSM 

IS TRACKING ATIITUDE OPTION 000011 

NO YES 

SELECT +X AXIS SELECT +Z AXIS 
(PREFERRED I 

CALCULATED THE SELECTED AXIS 
TRACKING ATIITUDE 

COMPUTE FINAL FOAi BALL ANGLES 
AND STORE IN Nl8. STORE ATIITUDE 
SPECIFICATIONS FOR SELECTED AXIS 

KEY V32E 

FL V06 Nl8 
ROLL 
PITCH 
YAW 

Fig. 5-76 Rendezvous Final Attitude Routine (R63) 
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LGC PROGRAM SELECTION 

RESET · R61 FLAG 

SET R04 FLAG~ READ R!ANGE AND RANGE 
RATE. RESET R04 FLAG. 

YES NO 
,,_.~L-~~~~~~--i 

EXTRAPOLATE LM AND CSM STATE 
VECTORS TO PRESENT TIME +3 
SECONDS. CALCULATE LOS FROM 
LM TO CSM. COMPUTE Fl NAL 
IMU GIMBAL ANGLES 

HAS PGNS AND AUTO ATTITUDE · 
CONTROL BEEN SELECTED? 

YES 

IS THE LM/ CSM LOS GREATER 
THAN I~ DEGREES FROM THE 
LM -t Z AXIS 

NO 

TRANSFORM FINAL 
IMU ANGLES TO 
FINAL FOAi BALL 
ANGLES AND STORE 

IS REND°EZVOUS OR P25 FLAG SEP 

YES NO 

EXIT R61/65 
AND P20/25 

IN Nl8. I 
NO 

ISSUE DESIRED 
IMU GIMBAL 
ANGLES TO OAP 

YES 

ET 3 AXIS FLAG. 
PRIORITY FLAG. 

ZERO ATIITUDE ERRORS. 
SET THE 0. 3 DEGREE DEAD 
BAND IN THE RCS OAP. 

ZERO ATTITUDE ERRORS, 
SET DB LIMITS TO PREVI
OUS VALUE SPECIFIED 
BY R03 

RESET PRIORITY FLAG 

IS R61 FLAG -SET?j 

YES NO 

EXIT R61 /65 

IS NZ ZERQI] 
YES NO 

( EXIT 
, R61/R65 

Fig. 5- 77. Fine pre ferred tracking attitude routine (R65). 
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\ ;t:.GC . . 
~OUTINE SELECTION 

IS THE ' EXTENDED1VERB 
ACTIVE FLAG SET ? 
I 
'NO 

IS NO MARKS 
ALt.owED F·LAG SET ? 

I ') · 

NO YES 

IS MARI< IN 
PROGRESS FLAG SET ? 

I i· 

:No 
i r 

YES 

I'S PRIORITY DISPLAY 
AWAITING Kij:Y, 
RELEASE ~LAG SET ? 

I 

i 

NO /YES 

IS PRIORITY 
!DISPLAY .FLAG SET·11? 

N'O YES 
t 

'IS THE PRIORITY I ~ 

I~1'.l;: , FLAG , SET ? 

NO ~ES 

YES 

SET NO MARKS ALLOWED, ANO T~E E~TENDED 
VE:RB ACTIVE FLAGEi •. DISPLAY CURRENT ' 
.Ml\JOR MODE AND CALLED VERB ON DSKY. 
B~~~ 1 NOUN, Rl, R2, AND R3 REGISTERS. 

I \ \ . I 

; ' 

(EXIT) 

Fig. 5-77A Extended Verb Interlock Routine (R76) 
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This routine is automatically called by P25 

and R22. 

5.2.3.72A Extended Verb Interlock Routine (R76). 

The purpose of the Extended Verb Interlock Routine 

is to inhibit selection of extended verbs under certain 

circumstances. The Extended Verb Interlock Routine, 

( Figure 5-77A ) , is called by the following extended 

verbs: V41N20, V41N72, V42, V43, V47(R47), V48(R03), 

V49 (R62) I V55 I V63 (R04) I V64 (ROS) I V67 I V70 (P27) I 

V71 (P27) I V72 (P27) I V73 (P27) I V82 (R30) I V83 (R31) I 

V85, V89(R63) I V90(R36) I V91, V92. 
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( ) 5. 2. 3. 73 LR Spurious Test Routine (R 77) 

The LR spurious test routine (Fig. 5- 78) provides a readout capability of 

Landing Radar range and velocity data putting it on .LGC downlink LR spurious 

return test. The routine is manually initiated (V78E) providing both radars are 

free and manually terminated (V79E). 

5. 2. 3. 74 Nonroutine Extended Verbs 

A number of extended verbs are provided to call up LGC tasks which are 

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

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

verb (including callable r outines) is active. 

5. 2. 3. 74. 1 Fresh Start Extended Verb (V36) 

This verb (Fig. 5-.19) provides the crew with the capability of commanding 

) a LGC fresh start. This can be done at any time the LGC is on. Fresh start 

can be initiated by the program when phase table disagreement is detected follow

ing a restart or if self test is interrupted by a restart during its erasable memory 

check. It can also be initiated by simultaneously depressing the mark reject and 

error reset buttons during a restart. Finally it may be initiated by a V36E. The 

LGC fresh start does not alter the state of the following flags: A PSFLAG, Surface 

flag, LMOONFLG, CMOONFLG, REFSMMAT flag. 

5. 2. 3. 74. 2 IMU-CDU Zero Extended Verb (V40 N20) 

This verb-noun (Fig. 5-ao) is used to synchronize the ISS CDU counters and 

the CDU counters in the computer. It also switches the IMU from the coarse 

align to the fine align mode~ It cannot be entered when the IMU is in coarse 

align mode with a gimbal lock. It is primarily intended for ground use. For 

in-flight alignment the IMU alignment programs P51 and P52 should be used. 
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V78E 

IS NO R29 FLAG SET ? 

YES 

IS R77 FLAG SET ? 

NO YlCS 

IS V37 FLAG SET ? 

NO YES 

IS LR BYPASS 
FLAG SET ? 

YES NO 

IS TRACK FLAG SET ? 

NO YES 

IS RENDEZVOUS 
FLAG SET ? 

NO YES 

IS PRESENT 
PROGRAM P22 ? 

IS R04FLAG SET? 

NO YES 

NO 

OPR ERR LT ON 

SET R7.7 FLAG. ZERO RADAR FAIL COUNTER. UPDATE THE 
LR POSITION FLAG TO AGREE WITH PRESENT LR POSITION. 
UPDATE LGC ASSUMED LR AN RR RANGE SCALE TO AGREE 
WITH LR AND RR. SAMPLE RR VELOCITY BEAM AND RANGE 
BEAM ONCE PER SECOND AND PUT DATA ON LGC DOWNLINK. · 

\ ' 

~ I 

YES 
V79E 

NO 

TERMINATE LR DATA SAMPLING. WAIT 0.32 SECONDS. 
RESET R77 FLAG. 

EXIT R77 

Fig. 5-78. LR Spurious Test Routine (R77) 
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V36E 

' 
INITI ALIZE DOWNL.IST POINTER TO RETRA.NE.'.MIT CURRENT DOWN -
LIST AT NEXT 20ms DOWNRUPT . UPDATE STATUS OF LR POSITION 
FLAG. SET RR AUTO MODE AND CDU NOT FAILED FLAGS. SET 
TIME 3 = 37777, TiME 4 = 37775, TIME 5 = 37774. RESET 
l/ACCJOB CONTROL BIT IN RCSFLAGS . DISABLE TIME 6 CLOCK. 
RESTORE STATUS OF CHANNEL 13 BITS . RESET ACCSOKAY FLAG. 
INITIALIZE T5RUPT FOR DAP IDLER PROGRAM. ZERO OUTBIT 
CHANNEL 11 (EXCEPT ENGINE ON OR OFF, AND ISS WARNING). 
RESET READ R FLAG. 

t 
I IS NO R- 29 FLAG SET ? 1 
tYES NO 

I RESET DESIGNATE FLAG I 

' RESET REMODE, RR CDU ZERO, REPOSITION, AND RR TURN - ON 
FLAGS. ZERO OUTBIT CHANNEL 12(EXCEPT RR LOCK- ON ENABLE 
GIMBAL TRI M DRIVES, ENABLE IMU ERROR COUNTERS, ZERO IMU 
CDU'S AND COARSE AL I GN ENABLE . RESET NO RR MONITOR FLAG . 
ZERO OUTBIT CHANNEL 13(EXCEPT TELEMETRY BITS, RESET 
TRAP BITS, AND T6RUPT BIT . ZERO OUTBIT CHANNEL 14(EXCEPT 
GYRO ENABLE) . TERMINATE ALL WAI TLISTED TASKS. CLEAR ALL 
EXECUT I VE REGISTER SETS . INDI CATE NO ACTIVE JOBS. MAKE 
ALL VAC AREAS AVAILABLE. 

BLANK DSKY 

,. (PROG, VERB , NOUN, Rl, R2, R3) 

PERMIT AOT MARK ACTIVITY . RESET EXTENDED VERB ACTIVITY 
INTERLOCK. INITIALIZE IMU FLAGS . RESET DISPLAY/ASTRONAUT 
INTERFACE FLAGS. INITIALIZE RADAR READ. INITIALIZE 
IMODES33 FLAG; SET NO PIPA FAIL BIT; SET DOWNLINK AND 
UPLINK OK BITS; RESET ALL OTHER BITS . CLEAR SELF CHECK 
ERROR REGISTERS . SET ENGINE OFF(BI T 14 IN CHANNEL 11). 
INITIALIZE ATTITUDE ERROR DISPLAY FLAGS. INITIALIZE DAP. 
INITIALIZE SOWNLINK WITH POO DOWNLIST. PERMIT AGS INITIAL-
IZATION . RESET UPDATE FLAG . ZERO OUTBIT CHANNELS 5, 6, 
12. 13. andl4. 

t 
IIS ISS IN COARSE ALI GN MODE AND I N GIMBAL LOCK ? I 

NO YES , . 
EJ.\IABLE COARSE ALIGN I ', * CLEAR PHASE TABLE . LOAD - 0 INTO MODREG . IJ.\IITIALIZE IMU 

tINHIBIT IMU FAIL). SET MAXIMUM DEADBAND, KALCMANU HATE 
AND DAP FLAGWOHD BITS. INHIBIT DAP TURN ON Al~D ERROR 
NEEDLE DIS~LAY UNT I L I CDU'S ARE ZEROED. RESET ALL FLAG-
WORDS EXCEPT REFSMMAT , SURFACE , CMOONFLG, LMOONFLG,AND 
APB . FLAGS. SET NO R29, IDLE, AND LR BYPASS FLAGS • 

• 
(EXIT) 

Fig . 5-79. Fr e s h Start (V36) 
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V40N20E 

IS MODE SWITCHING OR 
GYRO TORQUING IN PROGRESS? 

NO YES 

OP ERR 
LT-ON 

IS ISS IN COARSE 
ALIGN MODE WITH 
GIMBAL LOCK? 

EXIT V40 

r--------l NO YES 

PROG LT - ON" IS ISS TURN -ON 
OR CAGING IN 
PROGRESS? 

YES NO 

ENTER CDU 
ZERO MODE "FOR DISPLAY OF ALARM 

CODE 00206, KEY V05N 09E 

EXIT V40 

NO ATI - OFF 

TURN OFF OAP; SET 
ICDU ZERO DISCRETE, 
CLEAR COARSE ALIGN AND 
I CDU ERROR COUNTER 
ENABLE DISCRETES, 
SET INHIBIT ICDU 
FAIL AND IMU FAIL 
DI SCRETES 

CLEAR ICDU 
READ COUNTERS 

IS IMU ON? 

YES NO 
PROG LT-ON" 

EXIT V40 

"FOR DISPLAY 
OF ALARM 
CODE 210, 

IS I SS TURN ON OR CAGE KEY V05N09E 
IN PROGRESS? 

YES NO 

RESET IMU AND I CDU 
FAIL DI SCRETES, ENABLE 
OAP AUTO AND HOLD 
MODES1RESET BIT 5 OF 
l MODES 33, UPDATE I SS 
WARNING LIGHT 

EXIT VfiJ 

ZERO LGC ICDU COUNTERS 
RESET ICDU ZERO DISCRETE 

IS I SS TURN ON OR 
CAGING IN PROGRESS? 

NO YES 

EXIT V40 

Fig. 5-80 IMU-CDU Zero Extended Verb(V40N20) 
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5. 2. 3. 74. 3 RR-CDU Zero Extended Verb {V40 N72) 

This verb-noun (Fig. 5-81) is used to zero the RR CDU's. and to determine 

the mode of the RR antenna. This extended verb is selected by DSKY entry and 

can be selected at any time. 

5. 2. 3. 74. 4 Coarse Align ISS Extended Verb {V41 N20) 

This verb - noun (Fig. 5-82) is used to align the IMU to an orientation specified 

by the operator. It can be used to align the gimbals to zero when in coarse align 

mode with a gimbal lock (when V 40 cannot be used). The operator loads the 

gimbal angles. The IMU is then aligned accordingly. This verb can only be 

us ed when no other extended verb is active. 

5. 2. 3. 74. 5 Rendezvous Radar Coarse Align Extended Verb {V 41 N72) 

This verb - noun (Fig. 5 - 83) is used to drive the rendezvous radar shaft and 

trunnion to angles specified by the astronaut. The process may be selected only 

when no other extended verb is active and may not be selected if P20 or P22 is 

running. 

5. 2. 3. 74. 6 Torque Gyros Extended Verb {V42) 

This verb (Fig. 5-84) is used to fine align the stable member by torquing 

the gyros. The process is crew selected by DSKY entry and may be selected 

only when no other extended verb is active. 

5. 2. 3. 74. 7 Load IMU attitude Error Needles Extended Verb {V43) 

This verb (Fig. 5-85) is used to load astronaut specified angles into the 

FDAI error needles. The operator loads the angles desired and these are dis

played on the FDAI error needles. The maximum FDAI · displays are 

±5 degrees. This verb can only be entered from POO. It cannot be entered if 

another extended verb is active. 
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V40N72E 

R19 FLAG SET ? 

NO YES 

R77 FLAG SET ? 

YES NO 

IS V37 FLAG SET ? 

YES NO 

LR BYPASS FLAG SET ? 

NO YES 

IS RR TURN ON FLAG SET? 

NO 

IS REPOSITION 
FLAG SET? 

NO 

SET RR CDU 
ZERO FLAG 

IS RR AUTO MODE 
FLAG SET? 

YES NO 

YES 

EXIT 

14-~--' ~~~----' PROG 
LT-oN° 

TRACK FLAG SET ? 

YES NO 

IS RENDE2"VOUS 
FLAG SET ? 

YES NO 

IS PRESENT 
PROGRAM P22 ? 

I 

YES 'No 

OPR ERR LT ON 

EXIT 

SET RR CDU ZERO DISCRETE. 
WAIT 20 MILLI SECONDS. ZERO 
LGC RR CDU CTRS. REMOVE 
RR CDU ZERO DISCRETE. WAIT 
10 SECONDS. RESET RR CDU 
ZERO FLAG. 

IS TRUNNION 
ANGLE'>' 9()0? 

YES NO 

SET RR 
ANTENNA 
MODE TO 2 

SET RR 
ANTENNA 
MODE TO l 

UPDATE TRACKER FAIL LT 

EXIT 

Fig. 5-81 HR CDU Zero Extended Verb ('140N7 2) 
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V41N20E 

IS MODE SWITCHING 
OR GYRO TORQUING 
IN PROGRESS? 

YES 

EXIT 

OP ERR 
LT - ON 

FL V21 N22 
OGA,IGA, MGA 

ISS TURN-ON OR CAGING 
IN PROGRESS? 

RESET EXTENDED VERB 
ACTIVE FLAG AND 
NO MARKS ALLOWED 
FLAG 

YES 

IS I SS IN COARSE 
ALIGN MODE? 

NO 

NO 

ZERO ISS ERROR CTRS. DISABLE 
ANY GYRO ACTIVITY. ENTER COARSE 
ALIGN MODE. TURN ON "NO ATT" LT. 
DISABLE OAP MODES. INHIBIT IMU 
FAIL. RESET TRACK AND REFSMMAT, 
AND DRIFT FLAGS. 

WAIT.06 SEC. IS ISS TURN -
ON OR CAGING IN PROGRESS? 

NO 

ENABLE ICDU ERROR 
COUNTERS, COMPUTE 

CDU ANGLES FOR 
TORQUING 

IS I SS TURN-ON OR CAGING 
IN PROGRESS? 

. NO 

COARSE ALIGN 
IMU TO STORED ANGLES. 
15 SEC. MAXIMUM 

EXIT 

• KEY V05N09E FOR 
DI SPLAY OF ALARM 
CODE 00211 

WAIT 1.5 SEC, READ PRESENT IMU 
ORIENTATION W.R.T. THE VEHICLE 

ARE THE GIMBALS WITHIN 2 DEGREES 
OF THE DESI RED? 

YES NO .,_.. _____ __, PROG 

LT-ON• 
RESELECT V41 

Fig. 5-82 Coarse Align ISS Extended Verb(V41N20) 
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NO 

V41 N72E 

R29 FLAG 
SET ? 

YES 

IS ' R77 FLAG 
SET ? 

~__,YES 

IS V37 FLAG 
SET ? 

YES 

LR :BYl?ASS 
FLAG SET ? 

~W YES 
______ _, 

IS TRACK 
FLAG SET ? 

YES 

IS RENDEZVOU 
FLAG SET ? 

YES NO 

.rs :i;>22 IN 
PROCESS ? 

..,.___,YES 

OPR ERR LT ON 

EXIT 

DO R76 

IS RENDEZVOUS FLAG SEP 

NO ._Y_E_s _______ ., OPR ERR LT ON 

r------L------. RSET 
SET EXTENDED VERB ACTIVITY 
INTERLOCK. CLEAR CONTINU· 
OUS DESIGNATE AND DESIGNATE 
IN PROGRESS FLAGS. 

IS 

FL V21 N73 
·TRUNNION 
SHAFT 
BLANK 

THIS THE 
DESIGNATE MODE 

I DESI RE? 
NO 

V22E 
LOAD 

DESIRED 
CODE 

EXIT · 

RESET EXTENDED 
VERB ACTIVE 
AND NO MARKS 
ALLOWED FLAGS 

EXIT 

IS OPTION CODE 00001? 

Rev. V 

YES 

SET LOCK 
ON FLAG 

NO · 

RESET LOCKON~ET NO RRMON FLAGS. 
SET CONTINUOUS DESIGNATE FLAG. 

DISPLAY V41 

TO 
SHEET 2 

Fig. 5-83. RR coarse align extended verb (V41 N72) (sheet 1 of 4) 
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) 
NO 

FROM 
SHEET I 

RESET EXTENDED VERB ACTIVE, NO MARKS ALLOWED 
AND LOSCM FLAGS. IS THE DESIRED LOS WITH- . 
IN LIMITS OF PRESENT RR MODE ? 

YES NO 

IS DESIRED LOS 
WITHIN LIMITS 
OF OTHER MODE? 

YES 

SET REMODE FLAG 

NO 
PROG ALARM LT - ON 

•' (00502) 

SET DESIGNATE FLAG 
EXIT 

IS REPOSITION FLAG SET? 

NO YES 

IS REMODE FLAG SET? IS REMODE 
FLAG SET? 

YES 
YES 

IN TERRUPT 
REPOSITION. 
RESET REPOSI
TION FLAG 

IS CURRENT MODE l? 

YES 

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

NO 

NO 

COMPLETE 
REPOSITION 

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

RESET REMODE FLAG 

TO SHEET 3 Fig. 5-83. RR coarse align extenqed verb (V 41 N72) (sheet 2 of 4) 
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I 

FROM 
SHEET 4 

YES 

0 FROM t SHEET 2 

SET DESIGNATE CTR " 60 

COMPUTE RR SHAFT AND TRUN
NION DRIVE COMMANDS 

IS CONTINUOUS DESIGNATE FLAG SET? 

NO 

IS DESIGNATE FLAG SET? 

YES NO 

IS RR CDU FAIL DISCRETE PRESENT? 

YES NO 
PROG LT ON 
(0050 3) 

EXIT (EXIT 

HAVE 60 ATTEMPTS ELAPSED WITHOUT 
REGEi VING DATA GOOD DISCRETE? 

NO 

DECREMENT 
DESIGNATE 
COUNTER 

IS EITHER SORT 
COMMAND >0.5°7 

YES 

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

EXIT 

t-11111~----~ YES NO 

LOCK ON FLG 

Fig . 5- 83 . RR coarse align extended verb (V41 N72) (sheet 3 of 4) 
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) 

FROM 
SHEET 3 

YES 

FROM 
SHEET 3 

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

SEND SHAFT & 
TRUNNION CMD'S 
TO CDU 

NO 

NO 

YES 

FROM 
SHEET 3 

RESET DESIGNATE FLAG 

CLEAR RR ERROR 
CTR ENABLE 

Fig. 5-83. RR coarse align extended verb (V41 N72) (sheet 4 of 4) 
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V42E 

IS A MODE SWITCHING 
OR GYRO TORQUING 
IN PROGRESS ? 

YES NO 
OPR ERR 
LT-ON 

EXIT DO R76 

FL V21 N93 
GYRO ANGLES 

ISPLAY V42 
IS IMU BEING 

CAGED? 

YES NO 
-----~ EXIT 

ENTER FINE 
ALIGN MODE 

ENABLE OAP AUTO 
AND HOLD MODES 

NO ATT - OFF 

LEAVE IMU FAIL 
INHIBIT ON FOR 5 SEC. 

PULSE GYROS THROUGH 
DES I RED ANGLES 

RESET EXTENDED VERB 
ACTIVE AND NO 
MARKS ALLOWED FLAG. 

RETURN TO 
PROGRAM IN 

PROGRESS 

Fig.5-84 Torque Gyros Extended Verb(V42) 
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V43E 

IS MODE CONTROL 
SWITCH IN OFF? 

IS COARSE Al I GN ENABLE BIT SET OR 
IS IMU BEING ZEROED? 

NO 
OPR ERR 
LT-ON 

EXIT 

YES NO 

IS POO 
OPERATING? 

YES 

DO EXTENDED VERB 
ACTIVITY INTERLOCK 
!{OUTINE (R76) . 

FL V21 N22 
OGA 
IGA 
MGA 

NO 

V34E 

DISPLAY 
V43 

ENABLE ERROR COUNTERS. 
WAIT 20 MILLISECONDS. 

OPR ERR LT ON 
RSET 

RETURN 
TO PROGRAM 
IN PROCESS 

TURN ON CDUX, CDUY,AND CDUZ DRIVES. 

RESET EXTENDED VERB ACTIVE AND 
NO MARKS ALLOWED FLAGS. 

RETURN TO 
PROGRAM IN 

PROCESS 

YES 

Fig. 5-85. Load IMU attitude error needles extended verb (V43). 
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5. 2. 3. 74. 8 Terminate RR Continuous Designate Extended Verb (V 44) 

This verb (Fig. 5 - 86) is used to terminate the continuous designate option 

of V41 N72, to disable the RR CDU Error Counters and to enable R25. The 

process is crew selected by DSKY entry. 

5. 2. 3. 74. 9 Increment LGC Time Extended Verb (V55) 

This verb (Fig. 5- 87) provides the crew with the capability to change the LGC 

clock time. This routine serves as a backup method to program P27 for updating 

the LGC clock time. 

5. 2. 3. 74. 10 Permit Landing Radar Update Extended Verb (V57 ) 

This verb (Fig. 5- 88) permits the incorporation of Landing Radar data dur-

ing descent state vector update. 

5. 2. 3. 74. 11 Inhibit Landing Radar Update Extended Verb (V58) 

This verb (Fig. 5 - 89) inhibits the incorporation of Landing Radar data dur-

ing descent state vector update . 

I 5. 2. 3. 74. 12 Command LR to Position 2 Extended Verb (V 59) 

This verb (Fig. 5 - 90) permits the astronaut to drive the antenna to position 2. 

5.2.3.74.12A Display Vehicle Rates Extende d Verb(V60) 

This verb {Fig. 5 - 90A) permits t he FDA! to display PGNCS 

derived attitude rates. 

5. 2. 3. 74. 13 Display DAP Attitude Error Extended Verb (V61) 

This verb (Fig. 5 - 91) displays on the FDA! Error Nee.dles the difference be

tween the current CDU angles and the DA P commanded angles. 

5. 2~ 3. 74. 14 Display Total Attitude Error Extend~d Verb (V62 ) 

This verb (Fig. 5 - 92) displays the total attitude error which is the desired 

ICDU angles minus the present ICDU angles. 
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) 

\~) 

V44E 

IS THE CONTINUOUS DESIGNATE FLAG SET? 

YES 

RESET CONTINUOUS DESIG
NATE AND DESIGNATE FLAGS 

DISABLE RR CDU 
ERROR COUNTERS 

RESET THE NO RR 
MONITOR FLAG 
{ENABLE R25) 

EXIT 

NO 

EXIT 

Fig. 5-86. Terminate RR Continuous Designate Extended Verb (V44). 
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V55 E 

DO R76 

FL V21 N24 
6 CLOCK TIME 

DO I 
WISH TO LOAD 

6 CLOCK 
TIME? 

NO 

PRO 
(OR V34E) 

ADD LOADED TIME 
TO LGC CLOCK TIME 

RESET EXTENDED VERB ACTIVE AND 
NO MARKS ALLOWED FLAGS. 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-87. Increment LGC time extended verb (V55). 
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\ 

) 

V57E . 

I Ft V06N68 
RANGE 
TG 
DELTA H 

' DO I' 
WISH TO 

INCORPORATE 
LR DATA 

? ' 

SET LR PERMIT 

PRO 

FLAG. 

FL V50N68 
RANGE 
TG 
DELTA H 

AM I 
SAT IS-

FIED yvITH 
DATA 

NO 
V32E 

RESET LR 
PERMIT FLAG. 

Fig. 5-88. Permit Landing Radar Update (V57). 
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V58E 

START CREW INITIATED INHIBIT 
OF LANDING RADAR UPDATE 

RESET LR PERMIT FLAG 

RETURN TO PROGRAM 
IN PROCESS 

Fig. 5-89. Inhibit Landing Radar Update Extended Verb {V58). 
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,-\ 

) 

) 

1Is NO R29 FLAG SET ? 

YES NO 

I ? 

INo YES 

V37 FLAG SET ? 
I ills LIR BYPASS FLAG SET ? NO YES 

NO 

IS TRACK 

NO YES RENDEZVOUS F~AG SET ? 

I' I NO YES 

PRESENT PROG P22 ? 

NO 

SET LR POSL;r'ION 
FLAG. IS LR. IN 
POSITION 2 ? 

NO 

COMMAND LR TO 
POSITION 2 

YES 

EXIT 

SET, MAXIMUM SCAN ·· 
LIMITTO 15. 

IS LR IN POSITION 2? 

' 
YES ! I NO 

I 

YES 

ttAVE 5 SCANS BEEN MA E ? 

YES 
.,.. ______ .... ' PROG 

·REMOVE LR 
COMMAND 

EXIT 

LT ON 
/ (b'o523) 

I 
\ NO 

I DECREMENT SCAN 
. COUNTER. 

OPR 
ERR 
LT-ON 

Fig. 5-90 Command LR to Position 2 extended verb (V59) 
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I 

Fig~ 5-90A 

V60E 

SET NEED2FLG 

EXIT 

. l . 
Display Vehicle \ Ra'tes extended verb (V60) 

V61E 

RESET NEEDLE FLG 
AND NEED2FLG. 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-91. Display OAP attitude error extended verb (V6 l ). 
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f) 

) 

V62E 

START CREW INITIATED 
MODE 2 ERROR DISPLAY 

SET NEEDLE FLAG. 
RESET NEED2FLG. 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-92 . Display total attitude error extended verb (V62). 
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5. 2. 3. 74. 15 Disable U, V Jets during DPS Burns Extended Verb (V65) 

This verb (Fig. 5- 93) inhibits U and V RCS jet firings during DPS Powered 

Flights. 

5. 2. 3. 74. 16 Vehicle Attached, Move This Vehicle State Vector to Other Vehicle 

Extended Verb (V66) 

This verb (Fig. 5-94) transfers the LM state vector information to the CSM 

state vector. 

5. 2. 3. 74. 1 7 W Matrix RMS Error Display Extended Verb (V6 7) 

This verb (Fig. 5-95) provides a means of displaying W matrix information 

and reinitializing the W matrix if desired. 

5.2.3.74.18 DELETED 

5. 2. 3. 74. 19 Restart Extended Verb (V69) 

This verb (Fig. 5-97) is used to force an LGC restart. The V69E does not 

directly command a restart but forces the LGC into a transfer control trap which 

in turn causes a restart. 

5. 2. 3. 74. 20 Initialize Erasable Dump Via Downlink Extended Verb (V74) 

This verb (Fig. 5-98) starts the downlink of all eight banks of erasable memory. 

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

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

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

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

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

vector. 
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V65E 

START CREW INITIATED 
DISABLE U,V JETS 
DURING RCS BURNS 

SET SNUFFER FLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-93 Disable U,V jets during DPS burns extended verb (V65). 

5-251 



V66E 

IS SURFACE FLAG SET ? 

IS STATE VECTOR INTEGRA· 
TION IN PROCESS? 

YES NO 

YES 

OPR ERR LT ON 

EXIT 

COMPLETE 
INTEGRATION 

TRANSFER THIS VEHICLE STATE VECTOR 
TO OTHER VEHICLE STATE VECTOR 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5- 94 Vehicle attached, move this vehicle s tate vector to other vehicle 
extended verb (V66). 
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HAS NEW DATA 

YES 

SET 

' 

V67E 

START W MATRIX RMS 
ERROR DISPLAY 

DO R76 

RESET V67 FLAG. 
CALCULATE RMS 
POSITION AND 
VELOCITY ERRORS 

FL V06 N99 
POS ERR 
VEL ERR 
BIAS ERR 

LOADED? 

NO 

DO I 
WISH TO 

LOAD NEW 
VALUESrAND 

RE-INITIALIZE 
W MATRIX? 

IS V67 FLAG SET ? 

YES 

SET RENDW FLAG 

RESET EXTENDED VERB ACTIVITY FLAG 
AND NO MARKS ALLOWED FLAGS • I ' I I I' 

EXIT 

Figl. '5 - 95 . W- Matrix RMS Errcr Display Extended Verb (V67). 
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BLANK 

Fig. 5-96. DELETED 
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) 
YES 

V69E 

START CREW IN ITIATED 
COMPUTER RESTART 

BRANCH (TC) TO SELF 

DOES 
PROGRAM ALARM 

LT COME ON INDICAT
ING RESTART DI F· 

Fl CUL TIES? 

V05 N09E 
. 01107 DISPLAYED 

NO 

PERFORM NECESSARY 
ACTIONS FOR FRESH START. 

EXIT 

EXIT 

Fig. 5-97 Restart extended verb (V69). 
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V74f. 

, , 
TERMINATE CURRENT 
DOWN LIST 

SET E BANK, WORD, 
AND DUMP COUNTERS 
TO ZERO 

I I 
IN ITIALIZE E BANK, DUMP, 
DUMP ID, SYNC BITS, ECADR, 
AND TIME l 

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

ARE ALL 8 BANKS 
DUMPED? 

t YES ._I N_o _______ ..,_, 

INCREMENT DUMP COUNTER. 
SET E BANK COUNTER TO ZERO. 

IS DUMP COUNTER 
EQUAL TO REQUIRED 
NUMBER OF DUMPS? 

t YES NO 

RESTORE INTER· 
RUPTED DOWNLI ST 

I 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-9.8 Initialize erasable dump via downlink e>(tended verb (V74) . . 
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5. 2. 3. 74. 21 Enable U, V Jets During DPS Burn Extended Verb (V75) 

This verb (Fig. 5-99) enables U and V RCS jet firing during DPS Powered 

flight. 

5. 2. 3. 74. 22 Minimum Impulse Extended Verb (V76) 

This verb(Fig. 5-lOO)enables the minimum impulse mode of the DAP. The 

minimum impulse mode will remain enabled until cancelled by rate mode selec

tion or a fresh start. This verb may be selected at any time. 

5. 2. 3. 74. 23 Rate Command Extended Verb (V77) 

This verb (Fig. 5-101 )enables the rate command mode of the RCS DAP. The 

rate command mode will remain enabled until cancelled by minimum impulse mode 

selection. The process may be selected at any time. 

5. 2. 3. 74. 24 Enable LM State Vector Update Extended Verb (V80) 

This verb (Fig. 5-102) causes the rendezvous data processing results to 

update the LM state vector. 

5. 2. 3. 74. 25 Enable CSM State Vector Update Extended Verb (V81) 

This verb (Fig. 5-103) causes the rendezvous data processing results to update 

the CSM state vector~ 

5. 2. 3. 74. 26 Display RR LOS Azimuth and Elevation Extended Verb (V85) 

This verb (Fig. 5-104) provides for the display of the RR antenna azimuth 

and elevation. 

5. 2. 3. 74. 27 BANKSUM Extended Verb (V91) 

This verb (Fig. 5-105) displays the sum of each bank fdr comparison. 
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V75E 

START CREW INITIATED 
ENABLE U,V JETS 
DURING DPS BURNS 

RESET SNUFFER FLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-99. Enable U and V jets during DPS burns extended verb (V75). 
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V76E 

SET PULSES FLAG. 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig• 5-100 Minimum impulse mode extended verb (V76). 

V77E 

RESET PULSES FLAG. 
SET DESIRED ICDU 
ANGLES = CURRENT CDU ANGLES 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5_;101 Rate command extended verb (V77). 
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VBOE 

RESET VEHICLE UPDATE FLAG. 
RESET NO UPDATE FLAG • 

RETURN TO 
PROGRAM IN 

PROCESS 

F:i.c;J • 5-102 Enable LM state vector update extended verb (V80). 
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V81E 

SET VEHICLE UPDATE FLAG 
RESET NO UPDATE FLAG . 

RETURN TO 
PROGRAM IN 

PROCESS 

FJ.<]. 5 - 103 Enable CSM state vector update extended verb (V81). 
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V85E 

~ DO R76 I 

CONVERT RR TRUNNION AND SHAFT 
CPU ANGLES TO '·A ~OS VECTOR IN 
BODY AXES. ' , 

COMPUTE ANGLE BETWEEN X/Z BODY 
PLANE AND RR LOS. COMPUTE ANGLES 
BETWEEN LM +Z AXIS AND THE LOS 
PROJECTION IN THE X/Z PL~NE. 
I 

NO 

I ' ' 

' 

IS THE EXTENDED VERB 
ACTIVE FLAG SET ? 

YES 
I 
NO 

' 

RESET NO · MARKS 
ALLOWED FLAG. 

, t 

FL Vl6N56 
(EXIT 

RR LOS AZ 
RR LOS EL 

.BLANK 
I :. 

;DO I ' 
WISH TO 

TERMINATE ? ) 

----"""·'· YES 
P·RO 
V34E 

't OR V32E 

RESET EXTENDED . 
VERB AC~IvE FLAG 

t 

1 r1 r. , , . J 
Fig. 5-104 Display 1 RR LOS 1 Azirtn.ith and Elevation (V85} 

s-262( 



' ) 

V91E 

IS POO OPERATING OR DOES A 
FRESH START CONDITION EXIST? 

DO R76 

NO 

··- . 
INITIALI ZE BANK NUM· 
Br::R TO 00 

FL VOS NOl 
BANKSUM 
BANK NO. 

YES 

YES 

NO 
OPR ERR LT ON 

EXIT 
V91 

CHECK SUM CONSTANT 

IS BANK NO. = 43?. 

NO YES 

INCR EMENT 
BANK NO. 

SET BANK 
NO.= 00 

YES 
V34E 

RESET EXTENDED VERB 
ACTIVITY AND NO 
MARKS ALLOWED 
FLAGS. 

EXIT 
V91 

Fig. 5-105 . Banksum extended verb (V91). 
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5. 2. 3. 74. 28 Enable W-Matrix Initialization Extended Verb (V93) 

This verb (Fig. 5-106) permits the crew to enable W-matrix initialization. 

I It does this by resetting the RENDWFLG. This flag reset indicate that the 

W-matrix in invalid and must be reinitialized. 

5. 2. 3. 74. 29 No Update of Either State Vector Extended Verb (V95) 

This verb(Fig. 5-107) prevents the LM or CSM state vectors updating by 

P20 or P22. 

5. 2. 3. 74. 30 Interrupt Integration and Go to POO (V96) 

This verb (Fig. 5-108) provides a means of suspending state vector integra

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

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

program (POO) will begin integrating the state vector to the present time. Inte-

gration over the long shut down period is time consuming and diminished in ac-

curacy. This verb can be used to suspend integration until after a state vector 

update is received from the ground. 
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V93E 

RESET RENDWFLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-106 Enable W-matrix initidlization extended verb (V93). 

V95E 

SET NO UPDATE FLAG 

RETURN TO 
PROGRAM IN 

PROCESS 

Fig. 5-107 No update of LM or CSM state vector extended verb (V9 5). 
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V96E 

SET QU IT FLAG 

GO TO POO 

Fig. 5-10 8 Suspend state vector integration extended verb (V96). 
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SECTION 6 

FLIGHT OPERATION PROCEDURES 

6. 1 PGNCS Operational Checks 

The primary backup for ISS and LGC failures is to switch to AGS 

control. AGS procedures are contained in the Crew Abbreviated Checklist. 

Some programs and routines (e.g., P47, R62) may be used for backup 

procedures in some instances. Some very short backup procedures are 

contained in the normal procedures in the GSOP; and some of the extended 

verb procedures in the GSOP may be considered_ as backup procedures. 

Backup procedures which do not appear in other documents are contained in 

this section. 

6. 1. 1 LGC Self Check 

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

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

address and read into and out of each bit in erasable memory. Test 2 adds 

all the cells of each bank of fixed memory and compares the magnitude of the 

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

During performance of LGC self check it is recommended that certain 

erasable addresses be monitored. These include the following: 

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

1365 (ERCOUNT) - Number of errors since last time address was 
manually zeroed in self check or fresh start. 

6- 1 



I 

1366 (SCOUNT) - Number of times one of the two tests of self check 
was begun since last time address was zeroed. 

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

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

check: 

1. Command POO: 

Key: V3 7E OOE 

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

Key: V25 NOlE 
1365E 
ENTR 
ENTR 
ENTR 

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

4. 

Key: V15 NOlE 
1365E 

Command self check: 

Key: V21 N27E 
lOE 

5. Monitor register R2 (SCOUNT): 

Normal indication: 

Abnormal indication: 

Rev. V 

00001 for about 13 seconds 

00002 for about 52 seconds 

00003 for about 13 seconds 

(successful self check go to step 7) 

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

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

Key: V05 N09E · 
Verify alarm code 01102 

Key: V05 NOBE 
Record Rl (ALMCADR) 

7.. Terminate self check: 

Key: V21 N27E 
OE 

If PROG light is on, key RSET. 

8. Use following table for diagnosis of failure. 

Recorded 
SCOUNT Action to take Probable trouble 

00001 1. Key: VOl NOlE Erasable memory problem. 
1374E Don't use LGC. 

2. Record Rl (SKEEP 4) 

3. Key: ENTR 
1377E 

4. Record Rl (SKEEP 7) 

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

6. Terminate use of LGC 

00002 Perform SHOW BANKSUM Fixed memory trouble. LGC 
(para. 6. 1. 2). not useable. 
Transmit bank number of 
failed bank to MSFN. 
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6.1. 2 Fixed Memory Check (SHOW BANKSUM): 

SHOW BANKSUM is an LGC routine which checks all the cells 

in each fixed memory bank. The test adds all the cells for each bank 

and displays the value in Rl. The bank number is displayed in R2. 

These values must be equal. If they are not, the bank has an error in it. 

Perform SHOW BANKSUM as follows: 

1. Check first bank: 

Key: V91E 

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

2. Rl and R2 are the same magnitude, check next bank: 

Key: PRO 

3. Repeat step 2 for each succeeding bank until the last 

bank (43) has been checked. 

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

and transmit to MSFN. Terminate use of LGC after com 

pletion of test, until further notice by MSFN. 

5. To terminate SHOW BANKSUM: 

Key: V34E 

6. 1. 3 LGC Input-Output Channel Check 

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

and out - put channels can be checked. This is done as follows: 
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1. Key: Vll NlOE 

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

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

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

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

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

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

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

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

Octal Binary 

0 000 

1 001 

2 010 

3 011 

4 100 

5 101 

6 110 

7 111 

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

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

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

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

channels use positive logic; i.e., an active bit is a one and an inactive bit is a 

zero. 

Input channels 15 & 16 also use positive logic. Input channels 30 through 

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

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

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

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

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

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

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

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

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

7 #13 RCS 1 U c 1 
(-Q -R -X) 

8 #14 RCS lD c 2 
(+Q +R +X) 

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

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

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

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

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

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

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

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

8 #16 RCS lS c 2 
(-Yaw +Y) 
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Table 6- 1. LGC Output Channels Bit Assignment (sheet 2 of 3) 

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

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

3 Uplink activity E 4. 5. 6. 7 

4 Temperature caution D 1.3.5,7 

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

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

7 Operator error flash c 1. 5 

8 Spare 

9 Test connector outbit c 4. 5 

10 Caution reset B 1 

11 Spare 

12 Spare 

13 Engine on A 1 

) 14 Engine off A 2 

12 1 Zero RR CDU E 1. 3 

2 Enable RR error counter E 2. 3 

3 Spare 

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

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

6 Enable IMU error counter D 4. 5. 6. 7 

7 Spare 

8 Display inertial data c 2. 6 

9 + Pitch gim bal trim c 4. 6 

10 - Pitch gim bal trim B 1. 3, 5. 7 

11 + Roll gimbal trim B 2. 3 

12 - Roll gimbal trim B 4. 5 

13 LR pas command A 1, 3 

14 RR enable auto track A 2. 3 

15 ISS turn on delay complete A 4 

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

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

13 1 Radar select c E 1,5,7 

. 2 Radar select b E 2,6,7 

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

4 Radar activity D 1,3,5,7 

5 Inhibit uplink D 2, 3, 6, 7 

6 Block inlink D 4, 5, 6, 7 

7 Downlink word order c 1, 3 

8 RHC counter enable c 2, 3 

9 Start RHC read c 4, 5, 6, 7 
10 Test alarms B 1,3,5,7 

11 Enable standby B 2, 3, 6, 7 

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

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

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

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

14 1 Outlink activity E 1,3,5!7 

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

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

4 Thrust drive activity D 1, 5 

5 spare 

6 Gyro enable D 4, 5 

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

10 Gyro activity B 1, 3, 5, 7 

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

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

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

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

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

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

Num erals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

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

16 1 Spare 

2 Spare 

3 LEM mark X E 4 

4 LEM mark Y D 1 

5 LEM mark reject D 2 

6 Descent+ D 4 

7 Descent - c 1 

30 1 Abort E 0, 2, 4, 6 

2 Stage verify E 0,1 ,4,5 

3 Engine armed E 0,1,2,3 

) 4 Abort stage D o. 2, 4, 6 

5 Auto throttle D 0,1 ,4,5 

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

7 RR CDU fail c 2, 6 

8 Spare 

9 IMU operate c 2, 3 

10 G/ N control of S/ C B o. 2, 4, 6 

11 IMU cage B 0,1,4,5 

12 ICDU fail B 0, 1, 2, 3 

13 IMU fail A 0, 2, 4, 6 

14 ISS turn on request A 0, 1 J 4, 5 

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

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

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

3 +YMI E 1,2,3 

4 -YMI D 2,4,6 

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

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

Numerals 
DSKY with which 
Digit Bit is 

Channel Bit Description Position Present 

31 7 + X translatibn c 2, 6 
(cont . ) 

8 - X translation c 1, 5 

9 + Y translation c 1, 2, 3 

10 - Y translation B 2, 4, 6 

11 +Z translation B 4, 5 

12 - Z translation B 2, 3 

13 Attitude hold A 2,6 

14 Auto stabilization A 1,5 

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

32 1 Thruster 2-4 fail E o. 2, 4, 6 

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

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

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

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

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

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

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

9 Gimbal off c 0,1,2,3 

10 Apparent gimbal fail B 6 

11 Spare 

12 Spare 

13 Spare 

14 Proceed A 5 

33 1 Spare 

2 RR power on/ auto E 1,5 

3 RR range low scale E 1, 3 

4 RR data good D o. 2, 4, 6 

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

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

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

Numerals 

' " DSKY with which 
Digit- Bit is 

Channel Bit Description Position Present 

33 8 LR velocity data good c o. 1. 4, 5 
(cont. ) 

9 LR range low scale c o. 1. 2, 3 

10 Block uplink input B 2,6 

11 Uplink too fast B 1,5 

12 Downlink too fast B 1,2,3 

13 PIPA fail A 0, 2, 4, 6 

14 Warning A 0,1,4,5 

15 OSC alarm A 0, 1, 2, 3 

) 
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6.1. 4 F.rasable Memory Verification and Update 

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

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

Any address may be checked as follows: 

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

2. Monitor Rl for contents of address. 

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

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

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

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

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

incorrect address. Update erasable memory as follows: 

1. Command POO: 

Key: V37E OOE 

2. Start update: 

Key: V21 NOlE 

3. Load address: 

Key: XXXXE, where XXXX is address to be loaded 

4. Load data: 

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

5. If more than one nonsequential address is to be loaded, repeat 

steps 3 and 4 with an extra ENTR after each load until all 

addresses are loaded. 
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6. If a number of sequential addresses are to be loaded, after the first 

data load, 

Key V15E 

and repeat step 4 with an extra ENTR after each load, until all 

addresses are loaded. 

After loading data verify data word as follows: 

1. Start data display: 

Key: VOl NOlE 

2. Load address: 

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

3. Verify data word in Rl. 

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

Key: N15E 

Verify second data word in Rl · 

Key: ENTR 

Verify third data word in Rl 

Key: ENTR 

Continue process until all data words are verified. 

6. 1. 5 PIPA Bias Check 

The PIPA bias can be checked and updated as follows: 

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

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

3. Key: V25 N21E 
ENTR . 
ENTR 
ENTR/ START Event Timer 
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4. Vl6 N21E 
XYZ PIPA COUNTS 

I 5. AT T + 32 sec-VERB 
T+32 

(X) Rl (Y) R2 ( z) R3 

6. V21 NOlE 
LOAD 1452E (CALCULATED x BIAS) E,E, 

1454E (CALCULATED y BIAS) E,E, 
1456E (CALCULATED z BIAS) E 

Rev. V 
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6.1. 6 Gyro Drift Test 

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

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

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

1. Perform IMU realign program P52. 

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

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

torquing (PRO). 

3. After two hours repeat steps 1 and 2. 

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

degrees to the nearest O. 001 degree. Convert to MERV by the follow-

ing formula: D = Torq~ing angle (deg) X 67 meru 
Time . (hours) 

6.1.. 7 Flagword Monitor and Change 

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

state of any flag may be changed by this procedure: 

1. Monitor desired flagword: 

Key: Vl 1 NOlE 

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

Flagword Address 

0 74E 

1 75E 

2 76E 

3 77E 

4 lOOE 

5 lOlE 

6 102E 
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Fla~ord Address 

7 103E 

8 104E 

9 105E 

10 106E 

11 107E 

12 HOE 

13 lllE 

Check flag status in Rl. 

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

individual flag, an octal to binary conversion is necessary just 

as in checking the input-output channels. 

FLAGWORD CHANGE. 

Continue with rest of procedure only if changing flag state is 

desired. 

2. Store flag change in erasable memory: 

Rev. V 

Key V25N 7E 

XXE or 

XXXE 

XXXXXE 

XE 

6-16 

where XXE or XXXE is the address of 
the flagword to be altered. 

where XXXXX is octal no. of the bit 
or bits to be changed in the flagword. 

where X is either a one or a zero 
depending whether the above chosen 
bit or bits are to be set or reset. 



6. 2 MALFUNCTION PROCEDURES 

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

r \ and the corrective action to be performed for each. 

) 

\ ___ ) 

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

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

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

indicators and display 8 1 s and +' s on the numerical panel. After five seconds, 

these displays go out. The ALT and VEL lights will be on for this period. , 

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

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

procedural errors are not included in Table 6-3. A complete list of luminary I 
program alarms is given in Table 2 - 2. 

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

function procedure of Table 6-3. 

6. 3 EMERGENCY PROCEDURES 

6. 3. 1 Tumbling IMU 

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

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

2. Perform IMU orientation determination program (P51 ). 

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

1. Check that IMU and IMU/ HTR circuit breakers are on. 

2. Wait 90 seconds. 

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

then return to off (down) position. 

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

particular inertial orientation: 

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

6-17 Rev. V 



SYMPTOM 

G&N 

lGC 

RED 

I i9nted in 518Y Intl OPN 
mooe~ by : 

Prime power lillure or 
Sc•ltir !allure. 

l lght.:I lor S stc in STBY or 
QPR modes by rtpHtld 
1 .. O. 9 pp\I inuanu ol 
counter 111\ure ordoubl1/ 
lrtqu1ncy suler failure. 

light.:! tor S uc onty In 
QPR mode Dy repeatld 
I ~ o. 4 PP\I rHllr1s . 

Rest\r11s caused by: 
HllPT I UC>.; 
TC TRAP 
OSCILLATOR IAIL 
PARITY fAIL 
NIGHTWATCHMAN 
or VCA TAGE fAIL. 

l ignted for 5 sec onty in 
STBY modi by repeatld 
t ·O. 9 ppsl isrnanu ol 
VCA TAG[ fAILURE al 
•tBY, •14v,or•4v 
po'#lr supplies. 

PROCEDURE 

,_._ __ ___,NO 

1----------...ir-

NO 
powtr.i up ? 

14 
_____ _,YEI 

~~-'----~NO 
1--------~""4 

LGC II 
on conUnuously? 

V[S 

Input chin ck 

NO 

NO 

C/W fAILED OR 
lGC LT RELAY IN 

DSKY fAILED 

YES 

NO 

I I 
• RR POWER 

AA • !!! 
u~r.t out? 

NO 

l6 GYRO IOAQUIJ«: 
CK 

•VII N UI 
I« 

'·I In Dal Al? 

NO 

11 
• IMU OPR 

POWlA CJf 

li9n1 out? 

Yll 

NO 

Y[I 

Oi\pl1y ALM 

'""' 
• VS N9£ 

NO 

• Perform action lor 
. dlspl1yed alarm RES TART 

RC START II on 1 

12 LGC Ulick 

• P1rtorm LGC sell 
ck ISSR·ll 

Stll c~ OK ? 

YES 

LGC ll sli11 ON '! 

Ytl 

11 1il lor91rotor· 
quing to ltrmlnll:1 
!Dal RI 'cHiJ«:IS 
toOor 1 

l19nt1 Out? 

NO 

Yll 

NO 

12 
SHAfl OR 

TRUNNI ON 
COMMAND 

REGISltR fAILURE 

LGCllMU 
INT!AfACE 
FAIL UR£ 

REMARKS 

(D Al1 LGC Functiom L~t. 

G) Sub1.equ1nl LGC m•lfunction 
indfullon lost 

f."I II DSKY will not accept inpuls, 
'-V loru • rHllr1 by simulllnt· 

ously prtuing RESU and 
MARK REJECT pb'I. 

r; , T ransi1n1 condition could hlYt 
\.:..; uisttd in eilhtr lGC or CfW 

'ysl1m. 

{;\, Do not use lGC control for 
\V illitude m1neuvers . 

Ci) :;n~r~~to~~u~~i:~~~ 1 ~61~ounter 

(!) ~~~~iy~1:;w~;~i:n~eral 
losl. · 

© RRll.GC 1nlert1<.e lo\I. 

@ \Mil unnot be tine •hgned. 

{.'7\ IMU cannot .be COir'e 1h9nld. 
\..:.:.)Align l1y c..gmq •ndlor line 

ahgn . 

@ U\l IMU lor •ttitudt referenu 
only. 

'-----·-----------

Table 6-3. G&N Malfunction Procedures 

6-18 



) 

'._) 

SYMPTOM 

I SS 

RED 

LIGHTED SY , 
PIPA FAIL DUH ING 
THHU STI NG 
IMU FAIL, OR 
ICDU FAIL 

PIPA FAIL \f , 
NO PIPA PULSES 
FOR 312.5 • SEC 
BOTH •AND·PULSES, 
OR A LONG TIME 11. 28 
to 3.84 SEC\ WITHOUT 
AT LEAST ONE •AND 
ONE • PULSE 

IMll FAIL IF, 
ANY G IMBAL SERVO 
ERROR · 2. 9 MILLI· 
HAD I ANS FOR 2 SEC 
OH MOHE, LOSS Of 
3200 CPS PWR OR 
LOSS Of GYRO 
WHEll PWR . 

ICDU FAIL IF , 
FI NE ER ROH> I. 0 VRMS, 
COAHSE ERROR >2.S VRMS, 
READ COUNTER LIMIT CYCLE 

160 CPS COS IU · H 1. OV, 
OH · \4V PWH SUP FA ILURE 

------·---~ 

PROCEDURE 

Guld Con\· AGS Trouble Shoot 
YES 

ESTABLISH Alt Hold r---i-----,
ALM Code 

Displayed Alarm Code ""-----l 
Alter IS S Is Cleared 

PROG ALARM 0077I \0 771 
LIGHT ON? 03771 ll717 

NO 04771 14770 
07717 

Displayed? 

YES 

00717 

03717 
12 

1-0'-4,._77,_7 _ _,,..i 6 & 12 

07777 

ID777 
t-----4~ 6 & 8 

~14_7_77 _ _,,~ 6, 8, ~ 12 

Pl PA Fail Check 
AVE G VOINIOE 

ON? JJE 

NO 
0, 1, 4, 6, In A of RI 

NO 

··------

IMU fail Check Stab Loop Check 

VOINIOE Attitude Mon • PGNS 
JOE Vl6N2tl 

NO 

PIPA Check 

Vl6N21E Obmve 
RI' R2' R3 lor JO SEC 

Any register Make O 
Change or Change 
More Than 20 Counts 

NO 

\MU 
FAILED 

PIPA 
FAILED 

PIPA DElECTION 
CIRCUIT FAILED 

0, 2, 4, 6, inAof R
1
? f~:b:e~ R1 R2 R3 

YES 

NO 
12 ICDU Fail Chljfk ICDU Read 

Counter Check 
0, l, 1, 3, in VCIN!JE 

B of R1 IZtro CDU'SI 
\SS Lt Stil l On? 

NO 

CONTINUE 
NORMAL 
OPERATION 

Table 6-3. G&N Malfunction Procedures (Cont.) 
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0 
0 

© 
G) 

REMARKS 

PIPA Failure During Ave G will 
cause an IS S lite which will go 
out upon Termination of AVE G. 

LGC Monitor & Control ol 
Thrusting & Computations 
Using AVLost. 

All \MU I unctions Lost. 

Subsequent PIPA 
Malfunction indication Lost. 

Subsequent i ndicatiom ol 
ISS lailure lost . 

I MU May be Used " a Total 
Attitude Re1erence only, LGC 
IMU Attitude I nter1ace Lost. 

The alarm cooes shown 
indicate causes of the I SS 
alarm. Some of these alarm 
codes indicate more than 
one cau1e lor the Is s alarm. 
The alarms cOOes with mul
tiple indications will require 
entrance into the remaining 
procedure at more than one 
point to verily all possible 
causes. 



SYMPTOM PROCEDURE 

2J ATTEMPT TO 1.J 

I 
RCS FAILED l _ STOP firing NO •STOP Firing and 

ON rr-J--------4-... -~ isolate lailed Quads 
._ ____ _.I •CB, ATT DIR CONT by Thruster Pair 

2.J Reg1I n CONT ROl 
- olvehlcle 

• RCS sys A & B Thruster 
PAIR Quad Switches - ooen Quad switch Action 

Does Firing STOP 7 

~YES 

liJ Configure for 
Troubleshooting 

• THRUSTER Pair 
switches !Alli · closed 

• ATT Cont. Switches 
Mode Cont. 

• Mode Control Switches 
- ATT Hold 

• CDR & LMP ACA - Neutral 
• CDR & LMP TTCA • Neutral 
• CDR & LMP TICAITRANSL 

-ENABLE 

Does RL Contain 
ONE of the following 

x 37 xx 
x 51 xx 
x 61 xx 
x 13 xx 
x 15 xx 
x 16 xx 

NO 

.lJ Monitor Contents 
of LGC 

- open !those· not asso
cl1ted with fallurel 

•CB, ATI DIR CONT -Close 
• ACA , Null rites., 

necessary with Dir or 
HARDOVER COMMANDS 

I cp 
W Monitor Contents 

of LGC Output Channel 5 
INPUT Channel J1 

-- • VOLN;~ 

61177 in RI 7 

NO 

~•CDR 
TICAITRANS 

DiSlble 

YES 
~ • VDlNl()( 

5E 

R l • !XXlOO 7 

· l!J Monitor Contents 
of LGC Channel 6 

•VOlNlOE 
6E 

RI • !XXlOO ? 

YES~ CDR 
TTCA CONTACT 

t--- f1iled 

YES~----~ closod 
~ RL •67177? 

.!l] LMP . 

TTCAITRANS 
disable 

RI • 61771 

I NO 

f <{) 
LGC 

CHANNEL 
31 

f1ilod 

YES 
i--

LMP 
TTCA CONTACT 

f1iled 
closed 

NO -

NO 
i--

W LGC 

Output chin nel 
Fail 

~ LGC 

Output channel 
fail 

JET DRIVER 
FAILED ON 

I. 

2. 

3. 

4. 

5. 

6. 

1. 

REMARKS 

Closing Thruster 
P•lr Quad Sw's sets 
Thruster fail bits 
in CHANNEL 32 and 
Prevents LGC from 
issuing jet ON 
COMMANDS. 

R
1 

will display 

61771 when no 
minimum impluse 
or translation 
commands are 
present in channel 
31. 

R
1 

will display 

CWlXX> when no 
jet COMMANDS 
are present. 

LGC Control of affected 
RCS Jet lost. 

use of affected RC s 
Thruster Pair Lost. 

Use of alleclod TTCA lor 
Translation is l tist. 

U\e ol lGC lor 
Translation IS lost. 

>---------- ---4--- -------- ---- ··-· -- . -- -- -- - -------- ------------+----- -- - ---
4 

I--·· -· . 
Rl · Corrtct? 

~ . Thi\ACA l ~"'.'.' 
-----

OlllGINAL 
ACA BREAKOUT 
fAIUO OP!N 

.__ _______ ..__ ___________________ __ . -- -. 

Table 6-3. G&N Malfunction Procedures (Cont.) 
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1. ~ \Mlttlt~ •Puht or 
I POl\O\l In lllK1"1 .. I\ . . 



( 

) 

) 

SYMPTOM 

TICA I Input Chlnntl 
ROOIU SHOOllNCf----1--..0- Chock 

PROCEDUAE 

MIN IMP 
lROUBLE 
SHOOTING 
P~OClOURE 

•T•urn1n1•1•·\ CIDlilD 
• 11111~111 c .. 1 .... , .. t 
·-(Wll\W '"'-
•A!Ji I " ' ' llllJIUI 

:~-"' 
':!:,1 .. <=:.~:~, 

THIS 
ncA CHlCKS 

0 .•. 

I CONFIGURE 
lor TROUBLE 
SHOOTING 

e MOOE Cont - oil 
• A TT Cont - MOOE 

Control 
e COR & LMP ACA 

NEUTRAL 

OfUCINAL 
TICA IREAKOOT 

FAIUD OPEN 

NO 

PROCEDURE 

LCC 
INPUT CHAN 

FAIL 

{

+X o7o77 
-x 67577 
+Y b737'1 

-Y 00777 
+Z 6577'1 
-z 0377'1 

--'---- -----··- - -· ·-------

• VllNIOE 
31E 

• Rl -ABCOEloctall 

3 Does 
BCOE in RI 
Represent 
Min impulse 
COMMAND? 

NO 

YES 

4· 

e A TT Control • 
Pulse 

IA•is lor which 
COMMAND is 
presentl 

RI • 11771? 
RI • 77777 ? -----~NO 

YES 

e COR &LMP 
ACA lindividuallyl• 
ROTATE • & - in 
ALL AXIS 

e OBSERVE Response 
IN Rl 

correct Response? 

ONE 
ACA 

for 
incorrect 
response 
A • ? 

NEITHER 
ACA 

10 Ac.A 
'----~ z llZo contact 

failed 

II ACA Out-ol
detent contacts 
failed open in 
allected axis 

open in 
Allected Axis 

COR or LMP 
ACA Z 11'1" 
cont1ct failed 
in allected axis 

YES 

Table ti-3. G&N Malfunction Procedures (Cont.) 
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-~ REMARKS -- -·- -----

(D Leave llCAn RANS! 
Switches in Last 
Position to I solale 
failed TlCA. 

l. When switch 
configuration 
is as in block 
l, RI • 17711 

is normal 
Display . 

Z. Correct R 1 
displays lor 
minimum 
impul'ie 
commands : 

AB COE 
-Roll JllJI 
•Roll Jiii/ 
-Yaw Jl/61 
•Yaw J711J 
-Pitch J777S 
•Pilch 37776 

J. Display 
representing 
command pre 
sent will be 
the <;ame as in 

''2" above 
except A· I 
lbeUuse ACA 
1s not out -ot· 
detenll 

i 
_j 



SYMPTOM 

1 

PROO r--

YEUCM 

LIGHTED IV LGC 
PROGRAM ALARM 
OR IV IAD Pl PA 

~ 

I) 

[START >--r-.. 

YELLOW 

LIGHTED BY ANY 
Of FOLLOWING, 

PARITY FAIL, 
RUPT LOCK. 
TC TRAP, 
NIGHT WATCl'MAN 
OR 
VOLTAGE FAIL 

~f?Y Al/HUD! W 
• VO!NOI£ PROO ALARM 
•RECORD ALARM !!!., RELAY FAILED OR 

COO! CMC OUTPUT 
RI, R2, R) ALL ZEROS? CHANNEL FA I LED 

!NO 

PROGRAM 
Al.ARM 

J_j All DSKY 
R£G IST£RS 

ILANK? 

!NO 
l I AITEMPT RE SET 

• RESET Pb· PUSH 

RESTART LT OUT? 

!NO 

~ 
LGC 

LT, (Jj 7 

Y£S [_ 

• 
I I"' "':':-•• '""ft 
• Guld Cont • AGS 
• Conlac1 MSFN 
• V1lf. 
•Welt U Min 
• VJI( 

• RESO " - rustt - - -11£STMT LT Off 
I YES 

-

~ 

YES 

J_j •RESET Pb PUSH 
•PERFORM 

PROCEDURE 

2 I 

FOR DISPLAYED 
ALARM 

• VO!NOI( 

Al.ARM 01107 
OISPtAYED? 

NO 

~:~ 
.!!... PROGRAM 

RIMN ING? 

NO 

~IMULTANEOUSLY 
~ PUSH RESET AND 

MARK REJ 
RESTART LT OUT 

YES 

PROCEDURE 

YES SSR 
FRESH 

) I 
START 

~ C(JjTINUl 
- NORMAL 

OPERATl(Jj 

~ C(JjT INUl 
~ 

.!!!. OPERATl(Jj 
With Ctullon 

~ w 
~ LGC 

FA ILED 

SSR 
- FRESH 

l I 
START 

1 I A mMP1 RESET • ~·-~,~-l pNPUT CHAN CllCK ::D ~r-IVIT'lllTl"1'1111r-1 
( 

TEMP >-f-e • RESET Pb · PUSH ~ • VOINICI 
lCI 

YES .,......... • VOINICI 
llE 

YES 
~ 

YEUOW 

LIGHTS WHEN 
!MU TEMPERATURE 
IS OOT Of LIMllS. 
<126. 3OR .~ · 134. 30f 

ltMP LI OUT7 

CONTINUE 
NORMAL 
OPERATl(Jj . 

0. I, 2, l In A al RI 

NO 

~ ~ NOTE 
G' H S,stem 
PtfforNnct will bt 
untllocttd by I MU 
''"' out al .... ,,.. 
for 1111111: 

Roncltz...,1 - U Min 
crltkll m1ntu111n Clf'I 
bt c.ntlnuttl wffhln 
tlllltlMt 

I, l, s. lln D olRI 

NO 

I I ··~l'.1.1!."" I ..!J . 
• CMD FOAi • PGNS MSF'N RfPOIHS 
• LMP fOAt. AGS ~ IRIG 'P!PA 

!Attitude"""' Switch I f--TEM __ Ps ___ -t 
~ 

CMO FOAi DRIFTINGl TEMPS NORMAL? 

YES NO 

~ LGC 
OUTPUT 
CHANNfl 
fAILURf 

l.2J TEMP 

.!!J 

~ 

RflAY IN 
05KY fAIL!O 
CLOSED 

IMU 
TEMP SENSOR 

FAIL 

IMU 
TEMP C(JjTROL 

FA IL 

0 

~ 

~ 

REMARKS , 

CD 
PROGRAM AlMM5 AR! C. !HR!! ClA5U5, 

• MA IN AlAllM·AlAllM COOi DI 51'\AY!O. 
PROGRAM HALTS AWAITING Clt!W ACJl(Jj. 

• SIDI AlAllM·AlARM COOi NOi 0151'\AY!D. 
PROGRAM C(JjJINl.IS 

• ILGCCANSTOREMIAllPllAlAltM s ftAST I 
ALARM APPEARS IN Al : SlCONO 1-.i Al. IASJ I 
INU ASOR•INAC. AJl'«) ICATESMORl FHA~ '. 
IHREf Al.ARMS/ 

(2) 
AU PROCRAM AlARM INDICAJl(JjS L051 

CD If Program Lt is on Perform 
AYrm Procedure before Prcx:lldin9. 

RHllr11 It t hi911tr roto lhln 0.9 
putsnlsoc will lr i991r LGC light. 
Rfltir11 IC I rllo hightf thin 
0.6 pullt</1« wi ll 1u1llln LGC light. 

CD Rtcurrtn9 Rt1Urh ti• rMt in1ufficl1nt to 
tr19t1r LGC llqlll . 

0 All LGC func11om L011. 

CD This RI - - 11111 
'''"''"'"" 111111111 lt•lls 

Tr11111tnl ....... CDMlllon 

All IMU Ttmt1 tbnormtl 
indlc:Mlons Lost. Ttmp 
tvtiltlllt from MSFN only. 

© IMU m1y bt us .. IS lon9 
IS FOAi indictltl lhll 
lht IMU is STAil(. 
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-·- ·--· 

SYMPTCW PROCEDURE REMARKS 

10 ( 1 
I I ATTEMPT RESET 2 I INPUT CHAN. CK 0 

\( 
!J ~ lV LIGHT SIGNIFICANT ONLY 

LGC DUR ING RR OR LR USl 

TRACKER H •RESET l'tl·PUSH ~ • VOINIO£ J!O ... OUTPUT 
·l0£ CHANNEL 

TRACKER LT. Off? D, 2,'-6 INC of RI FAILED Q) THIS Rl RNdout lndic.ttes 

YELLOW ! YES 

I RR GOU FAILURE. 

LIGHTED BY 
YES 

RR COU FA ILURE 
' I G All TRACKER ABNORMAL 

RR OAIA NOT GOOO 
ZERO RR CDU'l IND ICATIONS LOST 

/ 

LR DATA NOT GOOD • V40N 72 E ~ 
RR CDU FA ILURE 

COARSE ERROR HIGH TRACKER LT OUT? G TRANSIENT ABNORMAL 
COND ITION 

FINE ERROR HIGH 
IVES cos 11-ljll >YI 

UP LINE HIGH 
14 voe •'voe ~ f:9 w LL! L!.I w © Due to an •bnormal 

RR DATA NOT GOOO CONT INUE 
i.!!1 WA IT 4 SECONDS 

•RR TO LGC MODE condition within 

RANG: TRACKER NORMAL ~ •V4l NIH ~ RR RR COU Channel1, 

ACQ OPfRATION •LOAD + 'llo SHAFT COU FA ILED RR is not operative 

FREQ TRACKER "RACKER LT ST ILL OUT AND +YI !RUN underl GC Control 

.m ANGLES or is not avail1bte 
• V41 N72E for STATE VECTOR 

LR DATA NOT GOOD ANTENNA DR I vi:S UPDATE. However 
RANG: DATA NOT GOOI TO ANGLES LOADED RR is operative in 
VEL DATA NOT GOOD l Y£S 

SLEW and AUTO 

© 
TRACK MODES. 

L!J 
RR CDU © Abnorm•I RR COU 
FA IL 
DETECTOI! 

indic.t1ion Lost. 

FAILED 

11 

IC 
L!J w 0 J I RE.ALIGN IMU Q) IMU IN COARSE ALIGN ANO 

GIMIAL t«lA7T •V37E 00£ 
MUST II: REALIGPl(O TO A 

I- ~ INERTIAL NEW INERTIAL REFIRENCE. 

LOCK LT ON? REFIRENCt t--e • V41N211 
tMGA > 15°1 LOST +00000£ 

+00000£ 
YELLOW NO 

+00000£ 

LIGHTS WHEN 
•V40N.D: 

MGA > 700 ~ 
RESET l'tl-PUSH 

•REALIGN IMU 

MANElMR CPS! 11<1 

I 
SI C TO REDUCE 

MCA 

12 ALARM CODES 
Cconlinuldl l.!J L1J 0 

I ~ 
G) Pertorm Subsequent 

Diii» ~ •RESET 't'£S UPI.INK 
f-41 FAILURE 

LGC 9round updltos 
by voice link. 

UP TEllMETRY Al.ARM RECURS? (D Uplink d1t1 blinq sont 
TOO FAST !NO wnon 1lum occurrld 

should bt retr1nsmittld. 

w CD 
CCJITINll: 
NORMAL 
OP£RATICJI 

I 
I SU 

01101 
I l I I 

PKASE TAIU FRESH 
DOt:S NOT 
AGRE£ AFTtR 

START 

RESTART 
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SYMPIOM PROCEDURE REMARKS 

12 ALARM COD£S -
[I) ~ •WINIOE l!J R) (i) 

I ~ 
·JOE I SS TURN ON DELAY 

I-a 
• REINITIAlt fill. ~ 1 OR s I NA6"f1il NO ISS REOllS T DI SCRElt 

00207 ISS TU!!NON i:-- NOT IEING RECEIVED FOR 90 SEC. AFm FAILURE BY Lee 
ALARM RECURS 1 G'N POW£R IMU 

r• «T rn nM 

ISS TURN ON 
1NO l Y£S 

~ NOT PRESENT 
FOR 90 SECONDS CONT INUE SSR 

NORMAL 
OPERATION I j 1 

LGC SELF 
CHECK 

-·------

l!J ~•VOINlrlE lU w CD ISS OPERATE DISCRElt 

I ~_. 
•PERFORM NOT BEING RECE IVED 

00210 IMU TURN ON I.ill. •JOE ~ ISS BY LGC 

FA ILURE 

IMU NOT OPERATING ALARM RECU!!S 1 20f!JINCOfRI? 

lNO lY[S . 
~ 

·1 ~ 
CONTINUE SSR 

00213 NORMAL 
OPERATION I I 

IMU NUI Ul'tRATING 
WITH IURNON LGC SELF 
TURN ON REOllST CHECK 

Q) [] l!.J •CONTINI.I( ~ (i) 00211 \\ILL OHL Y OCCUR 

I ~ 
ALIGNt.'fNT •PERFORM 

00211 Hi 
IS ALIGNt.'fNT 

~ •RECORD GYRO ~ FINE ALIGN 
DllR ING COAR Sf AllGNMENT 

PROGRAM IP51, PSZI TORO UI NG ANGLES EITHER BY AH AUTHORIZED 
RUNNING 

CHECK P52 PROGRAM OR 9'y A DSKY 

COARSE ALIGN ::4J.,~~R>O~~ COMMAND IVCIH2DI 

ERROR 1 t() -1 
w 0 tu CD IMU MUS T IE ALIGNED IY 

COARSE CONTINll: 
AN ALIG N#LNT PROGRAM 

ALIGN llY GYRO TORQUING RATHER 

PROBLEM 
NORMAL THAN IY COARSE ALIGM 
OPERATION 

I 
I G&N Ci) IMU USABLE only 

00212 
I -

2 l s 
IS 1 Backup lltitudt 
Reftrtntt. 

PIPA FA IL 

0 Downlink d1t1 

~ •RESET Pt>-flal> ~ k:D T ransmittld It time 

I ~ 
•RE INITIATE ISS MOOE ol alum may nol bf 

00217 ......... CURRENT PROGRAM ~ SW ITCHING correct 
FAILURE 

BAD RETURN ALARM RECURS 7 
FROM STALL 

l t() • 
ROUTINE 

tu 
CONTINUE 
NORMAL 
OPERATION 

l!J C0 ~ 

I _j-
•RESET Pl> 

Ho Mil YES DOWNLINK 
DUOS ~ FAILURE 

DOWN TELEt.'fTRY ALARM RECURS 7 
TOO FAST 

NO l 

~ 
CONTINUE 
NORMAL 
OPERATION 

~------
... --
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SYMPTOM PROC£DUR£ REMARKS 

12 -ALARMC~+------- · - ---- - ·----------
tcontlnuocu 

[ -_01_;:_1-_ _, 
UN USED CCS 
BRANCH EXECUTED 

SO. ROOT CAU!D WITH 
NEGATIVE ARCUl.'fNT 

Dll()I H 
DSXY ALARM DUR INC 
INTERNAL USE 

01502 

SSR 

LCC 
Soll TEST 

• llllMfllolll 
~~ I .. mm.._ 
OllllTAl ' •CllU . i I 
PARAr.t:IERS I 

'----

_.____ANDINl-llATE ---...J.----J. ORBIT CHANG£· 
TARCl:TINC' 

Dl«JI ~~~~~:R\ 
VG INCREASING 

Table 6-3. G&N Malfunction Procedures (Cont.) 
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SYMPTOM PROC!OUR[ REMARKS 

I CD 0 lJ :}) CD ~ w ~ ·VOlNDlE R1 ODDO I IOI I J sec 

I ~ 
• V371£ 00£ m.., . R1 00001101 51 "' 

LGC - , V2SN01E NO LG C - • RECORD ~ • RECORD mrns1 1365£ ~ PROBLEM Rl • l!RCOUHn RI - ISKHP" 
E,E,E - LI ON R1 • ISCOUNn • £NIR 0 SUB SEQUENT USE OF LGC 

• VllNDlE 
Rl • ISCOUNI • 11 • ll77E IS DEPENDENT ON MSFN 

ll65£ 
• V05ND9£ • RECORD EVALUATION OF SELF TEST 

• V11Nl7£ 
VER IFY ALMOllOI Rl 1SKEEP71 DATA 

111 
• WINOI( , TRANSMIT TO 0 PROBLEM IS IN ERAS£AtLE RECORD MSFN , f((Y REL Rl • IALMCADRI t.'EMORY. 

ALMCADR 
SK££P4 

-- IV'M' Sf(([P 7 

RI ~31 SCOUNI? TERM INATE US[ Of lGC 

YES 0 LGC ult check teits only 

.!.J 
er1s1ble Ind fixed memory: 
other intern1l LGC problems 

LGC 
cannot bl determined Ill' 

CHECKS OK LGC sell dhtck. 

Q) Problem is in 
fixed Memory. 

0 ~ G • !!!TERMINATE SW TEST ~ SHOW BANKSUM l!J l!J. PRO 

• Vl lNl7£ 
CHECK MAGNITUOl or 

~ 
• R[P[AT ST!P 7 

II • Vl7£Dll f--e RI & Al UNTIL RI IS 0 i-
• V91E Ht SAMP TH[N TERMINATJ 

• CONTINut: NORMAL 
OP£RATION flVOINOl IV:l4£1 

Hl <l\UM Of Clll SI NO R11BANK II 

.!J.TRANSMI T BANK 
NO. IR21 TO MSfN 

•f((Y PRO 
•REPEAT STEP 7 

UNTIL RI IS 0. 
THEN TERMINATE 
IV:Mll 

--
2 CD SUIS£0llNT TRANSLATION Will 

IE I .II USING SYSl£M A. 

I ~ ~ 
2 

v ... !Pl 0 LGC y 
AXIS 1 SUIS!OllNI TRANSLATION Will 

QUAD FAIL ROTATION 
BC 1 .II USING SYSTEM I. 

t U or v 4 JU DEltRMINAllON 
NO 3 JET DEltRMINATION OUTPlll INPlll 

OUTPUT CHANr.lL JET rHANNEL 
lJ CHANr.ll JET 6 31 

TRANSLATION 5 (Ml! 7 
DIRECTION? (Ml! I <Dl01 l 

(M)I 2 (M)4 15 
(M)4 5 <XXl05 15, 7 xnn . 
<Dl05 5, l IXXllO 11 X OR YZ 
IXXlll 6,1 IXXlll 11, 3 X7767 
IXXl20 9 IXXl20 II 
'YJJZ4 9,5 IXXl40 I 
IXXl40 10 00100 • 00050 10,6 00120 4, 11 X777l 
00100 ll 00200 16 
00200 14 00240 X7767 ·-

1 JET DEl£RMINAllON 

OUTPlll l)IR JET 
INPlll 

~ CHANNEL 6 HANNEL 31 -· >--- >---
(M)6 ·Z 15, 3 om 
IXXlll •Z 11, 7 ><5111 

6 1 JET DEltRMINAllON OOIC> ·Y 4,1 X4111 

OUTPUT INPUT 
002l!l "' 16 12 X1l11 

CHAN5 DIR J£T CHAN 31 

IXXl21 ·X I, 9 X1S11 
IXXl42 +X 2, 10 X1611 
00104 ·X 5, ll X1S11 
00201 +X 6 14 X1611 

iNsrrM A -
~-

JETS -1,0,1.10,11 

0 .11. l((y v 411: ~ ll, 15 
~YV41E SYSTiMI • 

fl VOi Miii ..... .l!S • l,l,6, 7,9, ll, µ.. Fl VOi N46 
AICDE IN RI 14, 16 AICDE IN RI 

IN LOCATION I Of RI FAILED J[f IN SYSTEMi IN LOCATION I Of RI 
LOAD 0 LOAD I 

----
Table 6-4. Special Subroutines Procedures 
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SYMPT<J.I PROCEDURE REMARKS 

3 CDw Q) State vector and LGC time w RESTORE RESTART OAP (:) 
ERASEABLf (z) 

& REESTAB LI SH should be updated. All non-
t.'EMORY REFSMMAT pad-loaded parameters, except 

I FRESH ~ •Contact MSFN • V48E YES 
time & state vector, will be - - properly updated by LGC 

START • V74[ •DO PSI program in their proper 
IERASEABLf Dump sequence as if LGC had been 
Down linkl WAS FRESH turned on when Fresh Start 

•DO P27 START ENTERED occurred. 
AS ~CESSARY BY V36 7 

!NO @ Extended V74 permits MSFN to 
I examine all pertinent erasable 

l..J Dot:S 
.iJ locations to determine if any 

CONTINUE 
parameters need reloading. 

FRESH START fil.., NORMAL (!) OAP is shut off by Fresh RECUR OPERATION Start & must be re-initiated. 

lYES 

w 
LGC 

FAILURE 

,' Table 6-4. Special Subroutines Procedures (Cont.) 
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INTERNAL 

R. BATTIN 

S. COPPS 

G. DIMOCK 

J. DUNBAR 

G. EDMONDS 

P. FELLEMAN 

R. GILBERT 

K. GLICK 

K. GOODWIN 

E. GRACE 

F. GRANT 

D. HOAG 

I. JOHNSON 

L. B. JOHNSON 

M. JOHNSTON 

J. KERNAN 

J. KINGSTON* 

A. LAATS 

L. LARSON 

R. LARSON 

E-2260 

DISTRIBUTION LIST 

T. LAWTON (MIT/MSC) 

R. LONE'S 

F. MARTIN 

B. McCOY 

R. METZINGER (2) 

G. MUELLER 

J. NEVINS 

R. RAGAN 

J. RAINES 

J. REED (10) 

R. SCHULTE 

N. SEARS 

A. SEWALL 

W. A. SlARNICKI (25) 

G. SILVER(MIT/KSC) 

W. STAMERIS 

R. TINKHAM 

R. WEATHERBEE 

P. WEISSMAN(MIT/MSC) 

R. WERNER 

W. WIDNALL 

W. WOOLSEY 

APOLLO LIBRARY (2) 

MIT/IL LIBRARY (6) 

*letter of transmittal only 



External: 

NASA/RASPO 

AC Electronics 

Kollsman 

Raytheon 

Capt. M. Jensen (AFSC/MIT) 

MSC: 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 
ATTN: Apollo Document Distribution Office (PA2) 

C. Frasier 
T. Gibson 

KSC: 

National Aeronautics and Space Administration 
J. F . Kennedy Space Center 
J. F. Kennedy Space Center, Florida 32899 
ATTN: Technical Document Control Office 

LRC: 

National Aeronautics and Space Administration 
Langley Research Center 
Hampton, Virginia 
ATTN: Mr. A. T. Mattson 

GAEC: 

Grumman Aircraft Engineering Corp9ration 
Data Operations and Services, Plant 25 
Bethpage, Long Island, New York 
ATTN: Mr. E. Stern 

NAR: 

North American Rockwell, Inc. 
Space and Information Systems Division 
12 214 Lakewood Boulevard 
Downey, California 
ATTN: Apollo Data Requirements 

Dept. 096-340, Bldg. 3, CA 99 

NAR RASPO: 

NASA Resident Apollo Spacecraft Program Office 
North American Rockwell, Inc. 
Space and Information System Division 
Downey, California 90241 

AC RASPO: 

National Aeronautics and Space Administration 
Resident Apollo Spacecraft Program Officer 
Dept. 32-31 . 
AC Electronics Division of General Motors 
Milwaukee 1, Wisconain 
ATTN: Mr. W. Swingle 

GE RASPO: 

NASA Daytona Beach Operations 
P. 0. Box 2500 
Daytona Beach Florida 32015 
ATTN: Mr. H. Lyman 

D-2 

(1) 

(3) 

(2) 

(2) 
(1) 

(125 & lR) 

(122 & lR) 
(2) 
( 1 ) 

( 1 R) 

(2) 

(3&1 R) 

(18&1R) 

(1) 

(1) 

(1) 


