
GUIDANCE, NAVIGATION 

AND CONTROL 

Submitted by: Mae saoed i. dhiwile Date; }L-i0-0 
M.H.HAMILTON, DIRECTOR, MISSION PROGRAM DEVEL 
APOLLO GUIDANCE AND NAVIGATION PROGRAM 

approved esatadl Least ated ~L1-@9 
R.A, LARSON, LUMINARY PROJECT MANAGER 
APOLLO GUIDANCE AND NAVIGATION PROGRAM 

Approved: iz. ja . pate Date: andy Li 7 
R.H.BATTIN, DIRECTOR, MISSION DEVELOPMENT 
APOLLO GUIDANCE AND NAVIGATION PROGRAM 

Approved: _4 Y é peep Date: (1 Dec/oF 

  

— 

1v) 
1@) 
oll 

1e) 
ya 
Pa 
1S) 
oe 
poe 

us 

fe) 

ee 
— 

a) 

a 
— 
ed 

ra 

D.G. HOAG, CTOR 
APOLLO GUL CE AN VIGATION PROGRAM 

Approved: s Date: / Dec? 
R.R. RAGAN PU TIRECTOR 
INSTRUMENTATION LABORATORY 

R-567 

M
A
S
S
A
C
H
U
S
E
T
T
S
 

  
GUIDANCE SYSTEM OPERATIONS PLAN 
FOR MANNED LM EARTH ORBITAL AND 

LUNAR MISSIONS USING 
PROGRAM LUMINARY 1C (REV. 131) 

SECTION 4 PGNCS OPERATIONAL MODES 

(Rev. 7) 

DECEMBER 1969 

MEH 'NSTRUMENTATION 

CAMBRIDGE 39, MASSACHUSETTS LAB Oo RAT Oo R ¥v



ACKNOW LEDGEMENT 

This report was prepared under DSR Project 55-23870, sponsored by the Manned 

Spacecraft Center of the National Aeronautics and Space Administration through 

Contract NAS 9-4065 with the Instrumentation Laboratory, Massachusetts Institute 

of Technology, Cambridge, Mass. 

ii



R-567 

GUIDANCE SYSTEM OPERATIONS PLAN 

FOR MANNED LM EARTH ORBITAL AND 

LUNAR MISSIONS USING 

PROGRAM LUMINARY 

SECTION 4, PGNCS OPERATIONAL MODES 

DECEMBER 1969 

(REVISION 7) 

Signatures appearing on this page designate 

approval of this document by NASA/MSC. 

“yy “A 7 A . 

Approved: Len T Lz. -: wi Date: (2244 
Thomas F. Gibson 
Asst. Chief, Flight Software Branch 
Manned Spacecralt Center, NASA 

Approved: Ne La 3 (a: by Date: Wey v2 

James C, jokes, Jr. 
Chief, Fight Software Branch 
Manned Spacecraft Center, NASA 

Approved: 
ip / ~ > 

AEE My arte t Date? #7 #e 

Lynwoo i 
Chief, Flight Support Division 
Manned Spacecraft Center, NASA 

  

ili



Preface 

The Guidance System Operations Plan is published as six separate 

volumes (sections) as follows: 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

Section 6 

Pre-Launch 

Data Links 

Digital Autopilots 

Operational Modes 

Guidance Equations 

Control Data 

This volume, Revision 7 of Section 4 of the GUIDANCE SYSTEM 

OPERATIONS PLAN FOR MANNED LM EARTH ORBITAL AND LUNAR 

MISSIONS USING PROGRAM LUMINARY describes the operational modes 

of the missions. 

It constitutes a Control Document to govern the structure of these 

missions, including PGNCS interfaces with the flight crew and MCC. 

Revisions to this plan require NASA approval. 
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4. PGNCS OPERATIONAL. MODES 

4,0 Introduction 

Preparation of the PGNCS for any mission involves the generation of computer 

programs, flight and ground crew procedures, and the provision of hardware to meet 

interface, accuracy, and instrumentation requirements. All of these mission-related 

items are specified in the Guidance System Operations Plan. 

The guidance operational concept is designed to comprise a set of manually- 

initiated programs and functions which may be arranged by the flight crew to imple- 

ment a large class of flight plans. This concept of operation will permit both a late 

flight-plan definition and a capability for real-time flight-plan changes. 

The PGNC System is designed to perform the LM guidance and navigation 

functions required on lunar landing missions in a self-contained mode within specified 

accuracy and maneuver propeliant constraints. The Sysiem is also designed to accept 

navigation data from earth-based facilities whenever required to improve accuracy, 

to reduce maneuver propellant requirements, or to gain some other operational ad- 

vantage. It is essential on Earth Orbital Missions to demonstrate to the maximum 

possible extent both the self-contained and earth-cooperative modes of operation, 

since either mode may be required on lunar missions.



  

4.1 LGC Program Control 

To efficiently coordinate the design of the LGC* Programs, as well as define 

the astronaut and ground control procedures with respect to the PGNC System, it 

is necessary to define the operating inter-relationships between the PGNC System, 

other S/C Systems, the astronauts and the ground, 

In primary PGNCS control modes the LGC can automatically compute required 

mission parameters and automatically command both PGNCS and LM subsystems. 

Complete automation of this control throughout a mission is neither feasible nor 

desirable. For primary as well as secondary PGNCS control modes the astronauts 

and/or the ground must be capable of initiation or termination of LGC Programs. 

These procedures must be thoroughly defined for use in the design of the LGC 

Program logic for astronaut/ ground participation, 

4.1.1 LGC Program Initiation 

4.1.1.1 LGC Programs 

Because of the random time sequencing of many of the LGC tasks, the design 

of Programs which are capable of being utilized at varied times and in varied circum- 

stances offers the best method of accomplishing these tasks, These Programs must 

incorporate sufficient logic to clearly define the particular time and/or application for 

which they are used, They must also standardize astronaut/LGC communication pro- 

cedures, ground/LGC communication procedures,and PGNCS and SCS Mode determinatim. 

A logical sequence of these Programs has been prepared, supplemented by 

simpler Routines which do not require identification as Programs, The Programs, 

their associated Routines and the crew interfaces are outlined in Section 4.4, 

Programs in process in the LGC are identified by the Program light on the 

keyboard and display panel with three exceptions, P20, P25, and P27 with POO in 

background, These Programs may be in process simultaneously with another 

Program whose number is displayed. 

The LGC is programmed to initiate a Program only in response to the start 

of a specific mission task and will continue the programmed sequence of computations 

and displays for the specific task until Program completion or termination, 

Programs are generally initiated by manual keyboard entry (astronaut) or by 

LGC UPLINK command (ground), In certain cases Program initiation is automatically 

performed by a previous Program, 

4.1.1.2 Special LGC Routines 

In addition to the LGC Programs there are many Routines and subroutines 

not specifically identified with a Program, The majority of these are automatically 

*AGC is an acronym for Apollo Guidance Computer, In the LM, this computer 
is officially designated as the LGC (LM Guidance Computer). 
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performed in a particular computation or control sequence and involve no notification 

to the "outside world" that they are in process, While they may occasionally be 

referred to in this document their large number requires that detailed descriptions 

be restricted to special LGC program documents. 

Several special Routines are described in detail herein because of one or 

more of the following characteristics: 

(a) The Routine involves LGC communication with the astronaut, 

(b) The Routine is of importance in understanding the Programs. 

(c) The Routine involves significant sequences of ].GC/astronaut action 

but might be performed while certain programs are in process, 

These Routines include those automatically called by the LGC as well as 

those manually called, If the Routine requires LGC/astronaut communication, it 

will start with a particular display which acts as a key to the astronaut that the 

LGC has automatically entered the Routine. 

41.2 LGC Program Termination 

Normally there are three ways by which an LGC Program in process is 

terminated: 

1, At nominal completion, the program in process will transfer control 

to the Final Automatic Request Terminate Routine (R00). 

2, At nominal completion the program in process will select a subsequent 

program, 

3, Via a terminate response by the astronaut to an LGC-generated flashing 

display on the DSKY (usually results in transferring control to R00). 

In addition to the above the astronaut may terminate a particular LGC 

program as follows: 

1. Use the DSKY to select a new Program to operate. 

2. Use the DSKY to select a Routine which has been specifically designed to 

terminate a particular Program or activity (e.g.: state vector integration). 

3, Select the FRESH START routine, which essentially initializes the LGC,



4.2 LGC/Astronaut/Ground Communications 

4.2.1 LGC/Ground Communications 

The LGC/Ground Communications are via the LGC UPLINK and LGC DOWN- 

LINK and are described in detail in Section 2 of the GSOP. 

4,2,2 LGC /Astronaut Communications 

The display and keyboard logic in the LGC processes information exchanged 

between the LGC and the computer operator, This information is exchanged via the 

display and keyboard (DSKY). 

The modes of operation are basically: 

(a) Display of internal data - This includes simple displays and periodically 

updated displays of data; and displays of requests for operator action 

required by the LGC, 

(b) Loading of external data -The process of inserting data into the LGC via 

the DSKY, 

(c) Program or Routine calling - Initiated by operator action via the DSKY. 

The following paragraphs and Table 4-1 (page 4-17) provide a limited des- 

cription of the DSKY, and the crew/DSKY operating procedures. They are included 

herein to facilitate understanding of the Program logic in Section 4,4 and do not 

comprise a complete instruction manual for the use of the DSKY. For detailed DSKY 

operating instructions refer to other MIT documents. 

4,2.2,1 The DSKY (refer to Fig. 4-1, page 4-18), 

1, UPLINK ACTY Light - is energized by the first character of a digital 

UPLINK message received by the LGC, If the light is not extinguished 

by the UPLINK transmission it should be extinguished by crew use of the 

RSET or KEY REL buttons when the UPLINK transmission is complete. 

2, NO ATT Light - is energized when the LGC is in the Operate Mode and 

there is no inertial reference; i,e.: the ISS is off, caged, or in the 

Coarse Align Mode, 

3. STBY Light - is energized when the LGC is in the Standby Mode and de- 

energized when the LGC is in the Operate Mode, 

4, KEY REL LIGHT 

A. Energized when: 

(a) An internal display comes while the astronaut has the DSKY, 

(b) An astronaut keystroke is made when an internal flashing display 

is currently on the DSKY. (Note three exceptions: PRO (proceed), 

RSET (reset) and ENTR (enter) if ENTR is a single button response),



(c) The astronaut makes a keystroke on top of (his own) Monitor 

Verb display. This is the so-called "suspended monitor" case, 

(Monitor Verbs display data updated every one second.) 

B. De-energized when: 

(a) Astronaut relinquishes the DSKY by operating the KEY REL 

button, 

(b) Astronaut terminates his current sequence normally, e.g.+ 

i) with final ENTR of a load sequence. 

ii) the ENTR of a response to a flashing display. 

iii) the ENTR of an extended verb request. 

C. Some special DSKY cases are: 

(a) The astronaut may select a non-Monitor Verb display on top of 

his own previously selected Monitor Verb, This will cause 

KEY REL light to flash (See (4)(A,)(c) above), Hitting the KEY 

REL button will bring back (unsuspend) the monitor and extin- 

guish the light, However, if these sequences are selected on 

top of an internal display, the KEY REL light will not go out as 

the monitor is unsuspended, It requires one more KEY REL 

button operation to extinguish the light and bring back the inter- 

nal display. 

(b) If the astronaut selects another verb-noun combination (e. g.:a 

V16 monitor) on top of an internal flashing display, that internal 

display can still be answered with PRO or VERB 34 ENTR (ter- 

minate), which wipes everything from the DSKY till the next 

internal display. Therefore, an astronaut selected monitor 

should, as a rule, never be terminated with VERB 34 ENTR, 

because that may not be the desired response to the flashing 

display, The KEY REL button should be used instead, 

5, TEMP Light - the LGC receives a signal from the IMU when the stable 

member temperature is in the range 126.3° F to 134,3° F. In the absence 

of this signal, the TEMP lamp on the DSKY is actuated, 

6. GIMBAL LOCK Light - is energized when the middle gimbal angle exceeds 

+ 70° from its zero position, When the middie gimbal angles exceeds 

+ 85° from its zero position the LGC automatically commands the coarse 

align mode in the ISS to prevent gimbal oscillation, The NO ATT light 

will then be energized (see (2.) above).
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10, 

it. 

12. 

13. 

14. 

PROG Light - under a variety of situations a program alarm is generated. 

The program alarm actuates the PROG lamp on the DSKY. For further 

information see section 4. 3.3, and 4. 3.4. 

TRACKER Light - when the rendezvous or landing radars are on, the 

light is energized when: 

A. An RR CDU fine error signal greater than 1.0 vrms occurs. * 

B. An RR CDU coarse error signal greater than 2.5 vrms occurs. * 

C, ‘The RR read counter limit-cycles at a rate greater than 160 cps. * 

D. An RR CDU analog-to-digital conversion fails, i.e.: cos (8 - $) 

signal is less than 2 volts. 

The RR CDU +14 VDC supply decreases to 50% of nominal. * 

F. When the RR Data Good bar discrete occurs during an LGC data 

read sequence. 

5 

OPR ERR Light - is energized when the DSKY operator performs an im- 

proper sequence of key depressions. The light is de-energized by press- 

ing the RSET button. 

COMP ACTY Light - is energized when the LGC is occupied with an internal 

sequence. It is not an indication that the operator may or may not use the 

DSKY or that the LGC is incapable of handling further computation. 

RESTART Light - in the event of a Restart during operation of a Program 

a latch is set in the LGC which illuminates the RESTART lamp on the 

DSKY until the latch is manually reset by RSET (see section 4. 3. 3). 

ALT Light - when the landing radar is on, the light is energized (on steady 

or flashing) when: 

A. LR range data good discrete was not present before and 

after LR altitude sampling (STEADY). 

B. LR altitude reasonability test was failed (FLASHING). 

VEL Light - when the landing radar is on, the light is energized (on steady 

or flashing) when: 

A. LR velocity data good discrete was not present before and after LR 

velocity sampling (STEADY). 

B. LR velocity reasonability test was failed (FLASHING). 

Display Panel - consists of 24 electroluminescent sections arranged as 

in Fig, 4-1, page 4-18, Each section is capable of displaying a decimal 

character or remaining blank, except the 3 sign sections (R1S, R2S, 

R3S). These display a plus sign, a minus sign, or a blank, The numeri- 

cal sections are grouped to form 3 data display registers, each of 5 

numerical characters; and 3 control display registers, each of 2 numeri- 

cal characters, The data display registers are referred to as R1,R2,R3. 

The control display registers are known as VERB, NOUN, and PROGRAM, 

At maximum activity, the complete display panel may be updated in 

0.50 second, 

And RR is in auto mode and RR CDU's are not being zeroed. 
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15. Keyboard - contains the following buttons: 

VERB - pushing the button indicates that the next two numerical 

characters keyed are to be interpreted as the Verb Code, 

NOUN - pushing the button indicates that the next two numerical 

characters keyed are to be interpreted as the Noun Code, 

+4 and — - sign keys used for sign convention and to identify 

decimal data, 

0o-9 - numerical keys. 

CLR - used during a data loading sequence to blank the data display 

register (R1,R2,R3) being used, It allows the operator to reload the 

data word, 

PRO - this pushbutton performs two functions: 

1, When the LGC is in the Standby Mode, pressing this button will 

put the LGC in the Operate Mode, turn off the STBY light 

(see 3,) and automatically select Routine 00 in the LGC, after 

restoring the clock, 

2a, When the LGC is in the Operate Mode but Program 06 is not 

selected, pressing the button will provide the ''Proceed" function. 

"Proceed'’ directs the LGC to continue to the next programmed 

event. In response to an LGC request it further indicates crew 

compliance with the request. If the PRO button is pressed 

when the VERB lights contain verb 21, 22 or 23, the button : 

is rejected and the OPR ERR light is energized. : 

  

b, When the LGC is in the Operate Mode and Program 06 is 

selected, pressing the button will put the LGC in the Standby 

Mode and turn on the STBY light (see 3,). 

ENTR - is used in three ways: 

1, To direct the LGC to execute the Verb/Noun now appearing on 

the Verb/Noun lights, 

2, To direct the LGC to accept a data word just loaded, 

3. In response to a''Please Perform’ request (see section 4.2.2.7). 

RSET - turns off alarm indicator on the DSKY providing the alarm 

condition has been corrected.



4,2,2.2 Verbs and Nouns 

The basic language of communication between the astronaut and the DSKY 

consists of the Verb and Noun, The Verb Code indicates what action is to be taken. 

The Noun Code indicates to what this action is applied, 

Verb Noun codes may be originated either by manual operationor by the 

LGC Program in process. 

The standard procedure for a manual keyboard operation consists of a 

sequence of 7 key depressions: 

VERB vy Vo NOUN Ny Ny ENTR 

The VERB key depression blanks the Verb lights on the display panel and clears 

the Verb Code register within the computer, The next two numerical characters 

punched are interpreted as the Verb Code. Each of these characters is displayed 

in the Verb lights on the display panel as it is keyed in, The NOUN key operates 

similarly for the Noun lights and Noun Code register. 

The depression of the ENTR key causes the performance of the Verb-Noun 

combination appearing in the lights at the time of depression, Thus it is not 

necessary to follow any order in punching in the Verb or Noun Code. They may be 

done in reverse order, or an old Verb or old Noun may be used without repunching it, 

No action is ever taken in performing the Verb-Noun combination until ENTR 

is pressed, If an error is noticed in either the Verb Code or the Noun Code before 

the ENTR is pressed, correction is simple. Merely press the VERB or NOUN key 

and repunch the originally intended code, without necessarily changing the other. 

Only when the astronaut has verified that the desired Verb and Noun Codes are shown 

in the lights, should he press the ENTR key to execute the Verb-Noun combination, 

A Noun Code can refer to a group of computer erasable registers, a group 

of counter registers, or may serve merely as a label, A label Noun refers to no 

particular computer register, but conveys information by its Noun Code number 

only, The group of registers to which a Noun Code refers may be a group of 1,2 

or 3 members. These are generally referred to as 1, 2, or 3 component Nouns. 

The component is understood as a component member of the register group to 

which the Noun refers. The machine addresses for the registers to which a Noun 

refers are stored within the computer in Noun tables, 

A single Noun Code refers to a group of 1, 2, or 3 component members, It 

is the Verb Code that determines which component member of the Noun group is 

operated on, Thus, for instance, there are five different Load Verbs, Verb 21 is



required for loading the first component of whatever Noun is used therewith; 

Verb 22 loads the second component of the Noun; Verb 23, the third component; 

Verb 24, the first and second components of the Noun; and Verb 25 loads all three 

components of the Noun. A similar component format is used in the Display and 

Monitor Verbs, 

When the decimal Display Verb is employed, all the component members 

of the Noun being used are scaled as appropriate, converted to decimal, and 

displayed in the data display registers, 

Decimal data is identified by a + or ~ sign preceding the five numerical 

characters. If decimal is used for loading data of any component members of a 

multi-component Load Verb, it must be used for all components of the Verb. Thus 

no mixture of decimal and octal data is permitted for different components of the 

same Load Verb. (If this is violated, the OPR ERR alarm is turned on, ) 

There is a class of verbs called Monitor Verbs which display data every 

one second. Once a Monitor Verb is executed, the data on the display panel 

continues to be updated until the Monitor is turned off, 

The Monitor is turned off by: PRO, VERB 34 ENTR (terminate), and 

internal program initiation of the Keyboard and Display System Program, (if the 

DSKY is not busy) or by a Fresh Start of the LGC, or by a re-cycle verb, or a Restart. 

Monitor action is suspended (but not ended) by the depression of any key, 

except RSET, This turns on the KEY RLSE light immediately. Monitor action 

continues after the Keyboard and Display System is released. Thus it is possible 

to suspend a monitor while the astronaut 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 

DSKY involves fewer than 3 data words, the data display registers (R1, R2, R3) 

not used remain unchanged unless blanked by deliberate program action, 

The DSKY procedures above were described for manual operation; however, 

the principles described remain the same for DSKY operation by the LGC Programs 

and Routines - 

As outlined in the Mission Programs (sec, 4.4.9) the majority of DSKY 

operations are of the following categories: 

a) Display - to display data to the operator, Display Verbs present 

data computed by the mission program. 

b) Load - to request a data load as described in detail below.



c) Please Perform - to request an action from the astronaut. 

(see section 4,2,2.7) 

d) Please Mark ~ to request the astronaut to push a "MARK" button 

for an optics sighting. 

LGC initiated Verb/Noun combinations are either statically displayed or flashed, 

If static they identify data displayed only for astronaut information requiring no 

response from him, If the Verb/Noun is flashing, appropriate astronaut response 

is required as dictated by the Verb/Noun combination, In this case the LGC Program 

or Routine is interrupted until the astronaut responds appropriately, (although the 

program may continue to update the display) then the Verb/Noun flash is termin- 

ated and the Program or Routine is resumed. 

An appropriate astronaut response to a flashing Verb/Noun should be a data 

load and ENTR, VERB 32 ENTR (recycle), PRO, or VERB 34 ENTR (terminate), 

The internal program response to any one of these astronaut responses varies 

according to the Verb/Noun flashing and the Program in process as described below 

and in Section 4,4,9, 

4.2.2.3 Acceptance of Keys 

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

after completion (final ENTR) of a data display or data load Verb, At such time, 

only the VERB, NOUN, ENTR, RSET, orKEY REL are accepted, Thus the data keys 

are accepted only after the control keys have instructed the program to accept them. 

Similarly the plus (+) and minus (-) keys are accepted just before the first 

numerical character of R1, R2, R3 is punched in, and at no other time, 

The 8 or 9 key is accepted only while defining a verb, noun, or program 

number, or when loading a data word into Rl, R2, or R3 which was preceded by a 

plus or minus sign, (If this is violated, the OPR ERR alarm is turned on.) 

If more than two numerical characters are punched in while loading the Verb, 

Noun, or Program code, or more than five numerical characters while loading a 

data word, the excess characters are not accepted, 

4,2,2.4 Release of Keyboard and Display System 

The Keyboard and Display System Program can be used by internal computer 

programs, However, any operator keyboard action (except RSET } makes the Key- 

board and Display System Program busy to internal routines. The operator has 

control of the Keyboard and Display System until he wishes to release it, Thus he 

is assured that data he wishes to observe will not be replaced by internally initiated 

data displays. Exceptions to this are in P40/P41/P42 when the DSKY is blanked at 

T-35 seconds. In general, it is recommended that the operator release the Keyboard 

and Display System for internal usc when he has temporarily finished with it. This 

is done by pressing the KEY REI. button.



If an internal program attempts to use the Keyboard and Display System, 

but finds that the astronaut has used it and not yet released it, the KEY REL 

light is turned on, When the astronaut finds it convenient, he should strike the KEY 

REL button to allow the internal program to use the keyboard and display panel, 

4.2.2.5 Display - Verb/Noun Flashing 

This is an internally initiated action. The appropriate astronaut response 

to a flashing display Verb/Noun combination is: 

(a) Correct the data (see Section 4.2.2.6 below). Perform the appropriate 

Load Verb sequence, Upon the final ENTR, the program proceeds normally. 

(b) VERB 32 ENTR (recycle). This causes the program to return to a 

previous location. 

(c) PRO, This indicates acceptance of the displayed data, and a desire for 

the internal sequence to continue normally. 

{d) VERB 34 ENTR (terminate), The astronaut wishes to terminate the 

operation. 

NOTE: Uncommon responses are defined in the program logic of Section 4,4,9. 

4.2.2.6 Load - Verb/Noun Flashing 

Whenever any data is to be loaded the Verb/Noun flashes, The flash occurs 

whether the data load is initiated by the LGC or by the astronaut. The appropriate 

data display register (R1, R2, or R3) is blanked in anticipation of the data load, 

Data is loaded in 5-character words and is displayed character-by-character in one 

of the 5-position data display registers as it is keyed in. 

Numerical data is considered decimal if the 5-character data word is preceded 

by a plus or minus sign; if no sign is supplied it is considered octal, The plus and 

minus keys are accepted only when they precede the first numerical character of the 

data word; they are ignored at any other time, Decimal data must be loaded in full 

5-numerical-character words (no zeros may be suppressed); octal data may be loaded 

with high order zeros suppressed, If decimal is used for any component of a multi- 

component Load Verb, it must be used for all components of that Verb, No mixing 

of octal and decimal data is permitted for different components of the same Load 

Verb. (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 program 

that the numerical word punched in is complete, The flash is turned off after the last 

ENTR of a loading sequence, 

As data is loaded, it is temporarily stored in buffers, It is not placed into its 

final destination, as specified by the Noun Code, until the final ENTR of the load 

sequence,



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 rejected 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 astronaut through 

a loading sequence. The astronaut (or the internal program) initiates the sequence 

by selecting VERB 25, "load 3 components of;''(any 3-component noun will do), 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 astronaut punches in the first word of data. 

When the ENTR is pressed, the Verb Code is changed to 22, Flashing continues 

while the astronaut 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, Through- 

out the changing of the Verb Codes, the Noun Code is left unchanged. 

The CLR button is used during data loading to remove errors in Rl, R2, or 

R3, It allows the astronaut to begin loading the data word again, It does not clear 

the Program, 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. 

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 2- or 3- 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 character, 

but before its ENTR.) Consecutive depressions of CLR perform the Clearing Function 

onthe data display register above the current, one, and also changes the VERB light 

to indicate the register being acted upon until Ri is cleared. Any attempts to back up 

beyond R1 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.



4.2.2.7 Please Perform - Verb/Noun Flashing 

This is always an internally initiated action, as astronaut response is 

always required to the "please perform" request; the Verb-Noun is always 

flashed, and the Program is interrupted. The "please perform" verb (50) is 

usually used with the "Checklist" noun (25) with an appropriate "checklist code" 

number in Rl, The appropriate response is: 

(a) PRO to indicate an affirmative response to the request, 

(b) ENTR to indicate a negative response to the request. 

4.2.2.8 Please Mark 

The "please mark’ verbs (52, 53, or 54) are flashed when the LGC is pre- 

pared to accept optical sighting data upon the pushing of a ''MARK"' button, The 

logic associated with the ''please mark" function is completely described in Section 

4.4.9. 

4,2,2.9 Machine Address to be Specified 

There is a class of noun available to allow any machine address to be used, 

These are called Machine Address to be Specified" nouns, When the ENTR which 

eauses the Verb-Noun combination to be executed senses a noun of this type, R3 is 

blanked and the flash is immediately turned on, The Verb Code is left unchanged, 

The astronaut should load the 5-octal-character complete machine address of interest, 

It is displayed in R3 as it is punched in, If an error is made in loading the address, 

the CLR may be used to remove it, Pressing ENTR causes the verb to be executed, 

4,2,2,10 Program Selection 

VERB 37 ENTR is used to select a Program. This causes the Noun display 

register to be blanked and the Verb Code to be flashed, The 2-character Program 

Code would then be loaded. For verification purposes, it is displayed as it is loaded 

in the Noun display register, The ENTR causes 1) the flash to be turned off, 2) the 

Noun register to be blanked, 3) a request for the new Program to be entered, and 

4) the new Program Code to be displayed (if allowed) in the Program display register. 

4,2,2,11 Ilegal Verbs, Nouns and Combinations 

The simplest alarm situation is an attempt to use an undefined (or spare) 

Verb Code or Noun Code, The OPR ERR light is turned on when the ENTR that 

attempts to execute the Verb/Noun combinatim is pressed. 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 OPR 

ERR light is turned on at the ENTR that attempts to execute the Verb/Noun combina- 

tion. No further action is taken. 

Violation of the following principles causes the OPR ERR light to be turned 

on, No further action is taken, 

(a) An undefined (or spare) verb must not be used, 

(b) An undefined (or spare) noun must not be used. 

(c) In octal Display and Monitor Verbs and all Load verbs, the components 

number of the verb must not exceed the number of components in the noun, 

(Note, all "machine address to be specified" nouns are considered 3- 

component.) 

(d) The octal Display and Monitor Verbs must not be used with a "decimal 

only" noun, 

(e) The decimal Display and Monitor Verbs must not be used with an "octal 

only" noun, 

(f) The double precision decimal Display and Monitor Verbs (07,17) must 

not be used with mixed nouns (codes 40-99), 

"no load’, All 

nouns having split MIN/SEC scale or 2 integers for any component are 

(g) No Load Verb may be used with a noun restricted to be 

"no load" for the entire noun, (This does not apply to V21,V22, or V23 

except for the specific components. } 

(h) No input code other than those which are defined may be punched into the 

keyboard. 

4,.2,.2.12 Illegal Data and Recycle 

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 load- 

ing 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 "machine 

address to be specified" noun, the alarm and recycle are performed at the ENTR 

immediately following the address keyed in.) 

Violation of the following principles causes the OPR ERR light to be turned 

on, and a recycle to be performed: 

(a) 

(b) 

(c) 

(d) 

{e) 

() 

(g) 

(h) 

The address keyed in for a "machine address to be specified" noun 

must be octal. 

In multicomponent 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, 

Octal data must not be loaded into a "decimal only" noun, 

Decimal data must not be loaded into an "octal only’ noun. 

Decimal data loaded must not numerically exceed the maximum permitted 

by the scale factor associated with the appropriate component of the noun, 

All 3 words must loaded for the Hours, Minutes, Seconds scale, 

When loading with the Hours, Minutes, Seconds scale, the minutes 

must not exceed 59; the seconds must not exceed 59, 99; and the total 

magnitude must not exceed 745 hours, 39 minutes, 14. 55 seconds. 

Two numerical characters must be supplied for the Program Code 

under V37. 

4,2,.2,13 Operator Error and Key Rejection 

There are four situations which cause the OPR ERR light to be turned on and 

the offending key depression to be simply rejected. These are: 

(a) 

(b) 

An attempt to ENTR a decimal data word having fewer than 5 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, 

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 remaining 

characters may then be supplied or the offending word removed and its 

loading begun again,



(c) 

(d) 

fe) 

Certain program controlled cases (see Section 4.4.9). 

An attempt to call one extended verb on top of another without allowing 

proper termination of the first, 

The PRO button may not be pressed when the VERB lights contain verb 

21, 22 or 23.



TABLE 4-i Astronaut Response to DSKY Displays and 
LGC Resultant Action. 
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Fig. 4-1 Display and Control Panel



4.3 PGNCS Failure Monitor 

The PGNCS performance and operational readiness are self-monitored and 

caution and warning information are displayed toa the crew. Two warning (red) 

lamps are actuated by the PGNCS on the Caution/Warning Panel: LGC Warning 

indicates computer failure; ISS warning indicates failure of the inertial subsystem, 

Further detail regarding the caution items is displayed by means of the DSKY event 

lamps and the DSKY data registers (in the event of a program alarm, ) 

4.3,1 LGC Warning 

An LGC warning alarm is generated in the event of LGC power 

failure, scaler failure of either of two types, 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 immediate alarm indication whereas the other 

inputs are buffered by a filter so as to prevent momentary transient dis- 

turbances from causing a warning alarin. In this subsection the various 

inputs and conditions associated with LGC warning are defined, 

(a) SCAFAL - Occurs if scaler stage 17 (1.28-sec period) fails to 

produce pulses. This provides a check on the timing for all 

logic alarms. 

(b) COUNTER FAIL - Occurs if counter increments happen too 

frequently or else fail to happen following an increment request. 

"Too frequently’ means continuous counter requests and/or 

incrementing for from 9,625 to 1.875 ms. 

(c) SCADBL - Occurs if the 100 pps scaler stage operates at a pulse 

rate of 200 pps or more. 

{d) PARITY FAIL - Occurs if anv accessed word in fixed or 

erasable memory whose address is octal 10 or greater contains 

an even number of "ones". 

(e) RUPT LOCK - Occurs if interrupt is either 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. 

(f) TC TRAP - Occurs if too many consecutive TC or TCF instructions 

are run,or TCorfCF instructions are too infrequent, The criterion 

for ''too-many" varies from 5 ms to 15 ms duration. The 

criterion for "too infrequent" varies from 5 ms to 15 ms absence, 

(g) NIGHT WATCHMAN - Occurs if the computer should fail to 

access address 67 within a period whose duration varies from 

0.64 sec to 1.92 sec,



(h) V FAIL - Occurs if the LGC voltages (28, 14, 4)are out of limits. 

(i) 

(3) 

(k) 

This signal produces STRT1 if it stays on for a period of between 

157 and 470 usec. If the computer is in the STANDBY mode, an 

input to the LGC WARNING FILTER is generated simultaneously 

with STRT1. The following criteria apply for V FAIL: 

4 V Supply > 4.4 V 14 V Supply > 16V 

4 V Supply < 3.65 V 14 V Supply < 12.5 V 

28 V Supply < ~22.6V 

STANDBY - This is a signal which turns on RESTART and turns 

off the switchable +4 and +14 voltage, thus putting the LGC into 

a low power mode where only the scaler, timing signal, anda 

few auxiliary signals are operative. STANDBY is initiated by 

first setting the ENABLE STANDBY outbit (CH13 B11), and then 

pressing the PRO button on the DSKY for a time which varies 

from 0.64 sec to 1.92 sec, at the end of which time the STANDBY 

light is turned on.. (All LGC alarms are inhibited during the 

Standby mode with the exception of LGC WARNING, which can be 

caused by VOLTAGE FAIL or SCALER FAIL; and TEMPERATURE 

CAUTION, which can be caused by TEMP ALARM. ) Normal 

operation is resumed by pressing the PRO Button on the 

DSKY again, time of depression same as above. 

RESTART - RESTART occurs after any of the following: 

RUPT LOCK, TC TRAP, NIGHT WATCHMAN, PARITY FAIL, 

STANDBY, VOLTAGE FAIL, 

RESTART causes the computer to transfer control to address 

4000 as soon as it disappears. It lights the RESTART lamp in 

the DSKY. 

The RESTART lamp is turned off either by the ALARM 

RESET (RSET) key, or by setting outbit CHi1 B10, 

WARNING FILTER - This circuit is used to operate the LGC 

WARNING output following repeated or prolonged occurrences 

of any of certain failure parameters. All occurrences of these 

signals are stretched so that no more than one input to the filter 

is generated in each 160 - millisecond period, Approximately six 

consecutive stretched pulses cause LGC WARNING to turn on for 
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ay 

about 5 seconds, Non-consecutive stretched pulses may also 

cause LGC WARNING after an interval dependent on the frequency 

of the pulses, The output will not occur if input pulses occur at 

a frequency of less than 0,9 pps; and the output will remain on if 

pulses occur at a frequency of 0.6 pps or more, The threshold of 

the fiiter resumes its normal level with a time constant of many 

seconds after the filter has received inputs. An immediate reset 

of the LGC FAIL due to a WARNING FILTER output is therefore 

not possible. 

OSCILLATOR FAIL - Occurs if the oscillator stops. Has nominal 

250-millisecond delay to keep signal present after the oscillator 

starts. Also occurs when LGC is in STANDBY because of loss of 

power to front end of circuit. This results in a 250-millisecond 

delay in starting when LGC comes out of STANDBY into OPERATE. 

Causes immediate restart without waiting for time pulse 12, 

4.3.2 ISS Warning 

The ISS Warning signal is the logical ''OR" of the following parameters, 

any one of which will cause an ISS Warning under the following conditions: 

(a) IMU Fail 

(1) IG Servo Error - greater than 2.9 mr for 2 sec 

(2) MG Servo Error - greater than 2.9 mr for 2 sec 

(3) OG Servo Error - greater than 2.9 mr for 2 sec 

(4) 3200 cps - decrease to 50% of normal voltage level 

(5) 800 cps wheel supply - decrease to 50% of normal voltage level pply 6 

These parameters are generated in the Inertial Subsystem. However, 

the "FAIL" signal itself is under LGC program control, The "FAIL" signal is 

inhibited by the LGC program when the PGNCS is in the Coarse Align Mode and 

during the 5-second interval following Coarse Align. During this mode the 

servo errors normally exceed the above criteria. 

(b) PIPA FAIL 

Occurs if no pulses arrive from a PIPA during a 312.5 usec 

period, or else if both plus and minus pulses occur, or ifa 

“long time” elapses without at least one plus pulse and at least 

one minus pulse arriving. By "long time’' is meant a period of 

between 1.28 sec and 3.84 sec, 
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This FAIL signal is generated totally within the LGC and thus 

is completely under LGC program control. Its generation is 

enabled by the LGC only during LGC controlled translation or 

thrusting maneuvers, 

(c) ISS CDU FAIL (Monitored for each of 3 CDUs) 

(1) CDU fine error - in excess of 1.0 V rms 

(2) CDU coarse error - in excess of 2.5 V rms 

(3) READ COUNTER limit cycle - in excess of 160 cps 

(4) Cos (9 - ¢ ) - below 2.0 V 

(5) +14 VDC Supply - decrease to 50% of normal level 

These parameters are generated in the Inertial Subsystem. 

However, the "FAIL" signal itself is under LGC program control, 

The "FAIL" signal is inhibited by the LGC program when the PGNCS 

is in the CDU Zero Mode and for 10 seconds afterwards. During this 

Mode the CDU errors normally exceed the above criteria. 

4.3.3 PGNCS Caution 

The PGNCS Caution lamp is actuated by the following undesirable 

but non-critical events: 

(a) LGC Restart during Operation. In the event of Restart during operate 

a latch is set in the LGC which maintains the PGNCS Caution alarm 

and the RESTART lamp on the DSKY until the latch is reset by the pro- 

gram or until the latch is manually reset by ALARM RESET. For 

further detail see section 4.3.4. 

(b) Temperature out of Limits. The LGC receives a signal from the IMU 

when the stable member temperature is in the range 126.3° F to 134,3°F. 

In the absence of this signal, the Caution alarm and the TEMP lamp on 

the DSKY are actuated, 

{c) Gimbal Lock, When the LGC determines that the middle gimbal angle 

(MGA) of the IMU is greater than 70°, the Caution alarm and the 

Gimbal Lock lamp on the DSKY are actuated. When MGA exceeds 85° 

the ISS is downmoded to Coarse Align and the No Attitude lamp on the 

DSKY is actuated, 

(d) Program Alarm, Under a variety of situations a program alarm is 

generated, One example is that of a PIPA fail when the vehicle is not 

in a thrusting mode, Under program control the LGC inhibits this 

alarm for 10 sec after system turn-on. The program alarm actuates



the Caution alarm and the Program lamp on the DSKY. For further 

information see section 4,3,4, 

(e) Tracker Alarm indicates one of the possible Rendezvous Radar CDU 

failures. (see paragraph 4,2,2,1-8) 

4.3.4 Restart and Program Alarms 

When the Restart or Program Alarm lamps are illuminated on the 

DSKY, either VO5N09 will automatically appear on the DSKY with the alarm 

code displayed in R1, R2, R3, or this information can be displayed by 

astronaut call-up from the DSKY. This allows the astronaut to identify and 

normally correct the alarm condition, The listing of program alarms is 

included in Section 4.4.7, , 

4.3.5 Restart Protection 

With the exception of 1°06, all programs are restart protected. All 

routines which are called by a program are restart protected. The logic is 

designed such that significant information is not lost due to a restart. 

Extended verb routines and manually called displays are not restart 

protected, 

 



4.4 LGC Logic/Ground/Crew Interface Diagrams 

These diagrams outlined the detailed logic of the inter-relationship between 

the LGC/Crew/Ground. For ease of correction and reproduction the diagrams have 

been incorporated in a computer memory and are presented as a computer printout, 

The diagrams contain the following: 

1) 

2) 

3) 

4) 

5) 

6) 

Program Control - Indication of sequence interruptions and the following 

display notation: 

a) PRIO (Priority) - denotes a priority display 

b) HOLD - denotes that the verb-noun and data will continue 

to be displayed until the astronaut takes DSKY action, 

c) TEMP HOLD (Temporary HOLD) - denotes that the duration of 

the display on the DSKY (non-flashing) is controlled by the LGC, 

d) POSS HOLD (Possible HOLD) ~ denotes that the display is a 

possible path taken by the LGC, 

e) MON (Monitor) - denotes that the displayed data is automatically 

updated and displayed by the LGC, 

f) SNAP - denotes that the displayed data is not automatically updated 

(monitored) by the LGC, 

LGC 
Ground The sequence logic and interface relationships of the 

Crew LGC logic, ground operations and crew activities. 

A line count is provided on the right hand side of the page. 

The LGC Program (or Routine) number is printed on the lower right 

hand corner of each page eg.:P40/LUMINARY, In addition, the common- 

ality of Programs and Routines contained in LUMINARY, COLOSSUS, 

and SUNDANCE is also designated eg. P34/LUMINARY, P34/COLOSSUS, 

P34/SUNDANCE, This commonality is defined to be identical man- . 

machine interface operation and identical intent. However, it should be 

clearly understood that commonality so defined does not imply identical 

logic flow either in the diagrams or the computer program,
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PASE PRUGRAM NUMBER PROGRAM TITLE PCR 

SERVICE 00 LEC ICLIAG 

Ol een t 

02 

CR * 

06 + 

UNDE X/LUM



4 

TN OE X/L UM 

O58 ne ¥ 

Cé LG remeR COmN 

o7 IMU PERFURMANCE TEST (PRELAUNCH ONLY) 

CE * 

    

ASCENT PO a gn + 

Pe ee * 

1Z PCwEREO ASCENT 

PR ee + 

Bs * 

Bo * 

le 

Wo * 

VE ene * 

    

CeAST 2c RENCEZVCUS NAVIGATION 

21 GROUND TRACK DETERMINATION 

22 LUNAR SURFACE NAVIGATION 

23 

C4 ane ome * 

25 FREFERRED TRACKING ATTITUDE 

260 * 

2 LGC LPDATE 

BB re * . 

  

INCEX/LUM



5 
INDEX/ LUM 

    

PRE~ 30 EXTERNAL CELTA V 
TRKUS TING 

a 31 teat 

32 CU-ELLEPTIC SEQUENCE INI TEATEON (CSE) 

33 CCNSTANT CELTA ALTITUCE (CCH) 

34 TRANSFER PFASE INITIATION (TPL) 

35 TRANSFER PHASE MICCGURSE (TPM) 

BE ae * 

BT ne ' 

BBO ne * 

39 

FRRUST—  4C DPS 
ahG 

~~ 41 RCS 

42 APS 

43 

64 em * 

45 a----# 

66 * 

47 THRLST wMCAITTCR 

BB ee * 

  

ALIGN = S000 n= * 
MENTS 

~— 51 IMU ORTENTATION DETERMI NATECN 

52 IMU REALIGN 

a * 

54 

  

$5 ae * 

INDE X/LUM



OES- 
CENT 

ABGRTS 
ANC 
BACKUPS 

56 

57 

5B 

6t 

€2 

63 

€4 

65 

66 

72 

73 

74 

75 

  

BRAKING PHASE 

APPRCACK FRASE 

LANDING PFASE (AUTO) 

LANDING PHASE (ROD) 

  

DPS ADCRT 

APS ABCRT 

CsM CO-ELLIPTIC SEQUENCE INITIATION (CSI1 TARGETING 

CSM CONSTANT DELTA ALTITUDE {COH) TARGETING 

CSM TRANSFER PEASE INITIATICN (TPIT) TARGETING 

CSM TRANSFER PRASE MIDCOURSE{ TPM) TARGETING 

TARGET DELTA ¥ 

  

6 
INDE X/L UM 

INCEX/LUM



eCoTIhet 

al 

Ce 

us 

4 

c5 

Ge 

uF 

16 

iL 

12 

14 

15 

le 

17 

le 

ig 

<C 

el 

23 

c4 

FINAL AUTUMATIC REQUEST T? KMINATE 

tA SAvte BND CHANEL WULF LCATICN 

Iho STATLS CRECK 

WAP LATA LUA 

xa/LR SELE TEST 

>THARD ANTENNA 

  

KLO/PLL/ Fle SERVICE 

LANLING ANALUG DISPLAYS 

ABURT Di SCRETES PORETCR 

CESCEAT STAPE VECTOR UPDATE 

LANDING ALTL MLUES MONI TCR 

nooH--# 

LR/KR REAL 

re Cho IGNATE 

th UATA READ 

ee MANUSLE ACQUISITION 

we St ARCH 

INDE X/L UM



s 

25 

et 

2? 

28 

2g 

30 

37 

38 

3S 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

5C 

51 

53 

RR MUNITOR 

LUNAR SURFACE RR PRE-CESIGNATE 

PCWERED FLIGHY RR CES IGNATE 

ORBIT PARAMETER DISPLAY 

RENDEZVCLS PARAMETER CESPLAY 

  

LGC /CMC CLOCK SYACHRONI ZATECGN 

wooo 

-----4 

RENDEZVCLS CLI-CF-PLANE CISPLAY 

  

DPS/APS THRUST FAIL 

STATE VECTOR EATEGRATICN (MID TO AVE} 

  

CCAKSE ALIGN 

INFLIGHT FINE ALIGN 

ALTL CPTICS FOSITICNING 

ACT MARK 

8 
INDEX/LUM 

INDEX/L UM



60 

él 

62 

63 

&4 

65 

€E 

of 

ée 

649 

7c 

71 

THIS PKuoRKAY un BOLTI NG 

  

vie (KO CATA LioPL ar 

eYni Tuk dUE NG 

TERMINATE TRACKING 

MAR AUPT 

CelbSTIAL BCOY GEFINTFLUN 

LUNAR SURFACE STICHTING MAHK 

ATTITLbt MANE LVER 

FRE@tRKREC TRACK ENG ATTITUCE 

CktwocrrlvEl MANEUVER 

RENCE 2VLUS FINAL ATTITUCE 

eeT cadSl Fun OS, bP RLY Lus INArY 

g 

ENOEX/L UM 

. 

 



10 
INDE X/LUM 

CrANGE CONTROL NUTES 

LUGIC REV OC PCR 39 
LOGIC REV ol PCR F4y 105,106, 13 br 2254 46 E4710 562 

REV OO{LUM LA) PCR 722 
REV CLILUM 1B) PCK 279,824 
REV OZILUM 10) PCR 285,806.2 

INGE X/LUM



CURRELATED wits MIT APULLU PCK STATES REPORT CF 12/13/68 REV OL 91/91/69 

  

PCR 
ALMBER 

  

w 
wn
 

STATUS 

NA 

NA 

NA 

CUDE CF STATUS ABBREVIATIONS 
A - 

ha = 

SOXX) = 
C - 

Ato) - 
GPEN - 
UNAS = 

DAISPGSETION: 
SEC. 4 

P5Slp R33 

APPLICABLE TO LUMINARY 
NET APPLICABLE TG LUMINARY 
SUPERSEDED BY PCR (xX) 
CANCELLED GR WITHDRAWN 
APPLICABLE TC LUMINARY, BUT CISAPPROVED 
DISPOSITION NOT ESTABLESHED AND/UR NCT INCGRPLRATED EN THIS EDITIGN OF SECTION 4. 
UNASSIGNED: PCR NUMBER NOT IN USE AT THES TIME 

NOTE S$ SUBJECT TITLE CIF APPLICABLE TO SECTION 4) 

SEC. 2 ONLY 

tum It 

TMU ALIGNMENT PRCGRAM CHANGE 

V/R LIST» R40 MUDEFICATEON TO DELTA V MCATYGR 

POR /LUMI NARY 
PCR LEST/LUM



“e 

1G-1é 

13 

14 

15 

6-17 

1s 

19-25 

26€ 

27 

2942S 

30 

31 

32 

33 

34 

35 

NA 

NA 

A(D) 

$485) 

atc) 

NA 

V/N LIST, R60 

P12 eF635P7U, P71, R12,R29 

- SEC 2 GNLY 

ROS 

P40,Pé3 

P12, P401P42,P63,P64,P 65, 
Pou ,POT PTO, PTL 

SEMPLIFY CkE PROCECURES IN R60 
(ATTETUDE MANEUVER ROUTINED 

MODE If RENDEZVOUS RADAR DESIGNATE 

S-BAND ANTENNA 

OPS TRIMMING TIME 

LGC REQUIREMENTS DURING AGC SWITCHOVER 

70 
PCR /LUMINARY 
PCR LIST/L UM 

PCR/LUMINARY 
PCR LIST/ LUM



3¢ 

47-38 

39 

40941 

42 

43 

7 

72-76 

7 

7é 

7S 

EC 

él 

te 

NA 

ACL) 

NA 

A(D) 

NA 

ACL) 

NS 

Att) 

NA 

NA 

Atv 

71 
PCR/LUMINARY 

PCR LEST/LUM 

INLEAsP2>eR22¢R29,RO1 ROS 2 AXIS TRACK {CNLY} 

P?OyP7L SEC. 5 CHANGES TG P1lZ2y P70, PTL 

V/R LISTs KOL FLAGHIT te GATE yeas 

PCL RCO STate vbCt os SYNUHRGNT ZATION 

PCR/LUM EIN ARY 
PCR LIST/LUM



&35 €4 

€5 

86 

87 

88 

89-92 

$3 

S4 

$5 

$6 

3? 

sé 

SS 

1€¢-1€4 

ics 

106 

1c7 

RA 

NA 

NA 

NA 

atid) 

NA 

UNAS 

PL2 sy F406 P41» Pa2s P63, PO4, 

PES yPEG PET PIC SPTL 

P12eP 40 P41 ¢P42,PE3yP IC, 
PTL ROO ¥RZ45 R60. 

- SEC 5 GNLY 

- SEC 2 ONLY 

RO4 

V4LNT2 

R25 

VAN LIST sV85 pPL2 g P22 4 P68 

INCEXs CPTICN LIST. 

INGEX oV/N LIST, ALARM LIST, 
Plz,Psi 

72 
PCR/LUMINARY 
PCR LIST/t UM 

RATE COMMANU/ATTITUDE HGLD DURENG X-AXIS 
CV ERRIDE 

CEACBAND SELECTIUN CHANGES 

SIGN CHANGE TO NOUN 72 

CHANGE TO RR COARSE ALIGN EXTENDED VERB 

RR MONITOR ROUTINE CHANGE 

DSKY DISPLAY UF RR POSITION IN MODE II 

GELETION OF LM/CSM SEPARATION MONI TOR 

DELETION OF DIRECT TRANSFER ASCENT 
TARGET ING 

PCR/LUM INARY 
PCR LIST/LUM



1cé-i13 

1l4 

1lo-117 

ile 

123 

124 

125 

126 

127 

1c 132 

i35513€ 

NA 

A(D) 

NA 

S$(144) 

NA 

Suis) 

NA 

NA 

Pag 

V/N LIST» FE3 ROC HRI2 

REG 

R24 

- SEC. 5 
CULE NG 

Cae C RL ST P52 ykoL 

ANC 

DELETE MINIMUM DEADBAND SETTING [MUPING 
MENEMUM IMPJLSE BURN 

RECEFINITICN OF RL2 PROCEED AND INHIBIT 

NEW ENGINE FAIL KMUTINE 

ATTITWE MANEUVER DURENG RR SEARCH ROUTINE 

PULSE TORQUENS Th ACHIEVE IMU REALIGNMENT 

74 

bC°s LUMENARY 

Pluk LIST/ULUM 

PO RSLUMENARY 

PCR LIST/LUM



139 

140,141 

142 

143 

144 

145 

146 

147-156 

15S 

160-162 

163 

164 

1é5 

1€6-17C 

171 

A(D) 

NA 

$1495) 

Na 

NA 

A(D) 

NA 

LNAS 

NA 

NA 

ROOSR1e K12 FLAG CHANGE 

INCEX+V/N LISTs ALARM LIST? DELETION OF PXEDICTED LAUNCH TIME PROGRAM 
Ple,Ps? 

= SEC. 3 ONLY 

PLlZsP4C sP424P 63 .R40 RECUCT IGN OF ULLAGE DURATION AND DELTA V 
THRE SHOLO 

PO0¢ P209P 22 EMERGENCY TERMINATION OF INTEGRATION 
FUNCT TON 

- SEC 2 ONLY 

V/N LIST+ P12_P40,P41,P42, MODE If ATTITUDE ERROR CISPLAY 
FO3,FO4_P65y P70, P71, ROO 

- SEC 5 UNLY 

1% 
PCR /LUMINARY 
PCR LIST/LUM 

PCR/LUMINA RY 

PCR LiST/LUM



75 
PCR /LUMINARY 
PCR LUIST/L UM 

173 A VAN LIST sP 20 sh c2;V0Tt RMS PCSETIGN 6°. VELCCITY ERRUR CISPLAY 

174-180 NA ~ 

lal A - SEC 5 ONLY 

18¢, 183 NA - 

184 A KC2,R47 STANDARDIZE TERMINATION OF EXTENDED VERBS 
V47 AND V48 

185 A V41N72 SIGN CHANGE TO NCUN 73 

166 A P40 P42 4P63 FLIMENATION GF ULLAGE FELLCWING AN ENTER 
GR TERMINATE 

187-189 NA - 

1ig¢ A R3L CLARIFICATION OF 2314S OPERATION 

1s1 A - SEC. 5 CNLY 

1$z-166 NA - 

1s]? Ato) - 

198-261 NA - 

202 c - 

044204 NA - 

205 Atol 7 

eCe NA - 

PCR/LUMENARY 

PLR LIST/LUM



76 
POR /LUMINARY 
PCR LIST/LUM 

eng a - Stl 2 LNLY 

eCb,p 2S NA - 

210 A P66 INCREASE DPS TH<UTTLE RECOVERY LIMIT 

e1l-213 NA - 

214 A ROO »FO9,R12, R20 DSKY LIGHT UTILIZATION FOR LR 

215 NA - 

216 a Rle¢ INETLATICN Ce Le ANTENNA POSITION CHANGE 

217-219 ACC) - 

220,221 NA - 

cee atDy - 

223 NA - 

224 Att) - 

225 NA - 

226 A BLOePEZ aK IZ eRZbeREceRZ3~,REO CHANGE PREGITY ‘fs 2LAYS FROM 5 SFC TU 
2 Ste 

227 AtD) - 

228 atc} - 

22g A INDEXSV/N LIST R77 AUDITICN GF K77 TC LUMERARY 

23u A - SEC 2 UNLY 

POR/LUMINARY 

PCr LIST/LUM



ésl 

“5d 

256-248 

24) 

242 

243 

nN a in 

246 

2a7 

248 

249 

NA 

Att) 

UNAS 

NA 

Att) 

Attu) 

NA 

ald) 

AtD) 

NA 

77 
PCR/ LUMINARY 

PCR LEST/LU¥ 

- SEC 5 ONLY 

MANY PKUL/ROLT. UPLATE LUMINARY CSIP SECTION 4 
(NASA COMMENTS} 

7 SEC. 2 ONLY 

klz CELay 

VERE LIST»: 635 P64 IMPLEMENTATION OF i}NE-PHASE DESCENT 
GUITANCE LOGIC 

Klé UR REASUNABIL ETY TEST 

- SEC. 5 ONLY 

Pod, Khe LANDING KADAr READ TNE TIATION 

POR/LUMI NARY 

PCR LIST/LUM



e 

254 

255-256 

257 

258 

259 

263 

204 

265 

2660-267 

2€&- 355 

4cc 

40k 

aCe 

NA 

AUC) 

NA 

NA 

NA 

LNAS 

NA 

NOUN LIST»P42,P 72 

PLZ ePIC,F7L 

PTO,PTL 

P12 ¢F40 sP4l P42 4 POT, P63 

78 
PCR /L UMINARY 
PCR LIST/LUM 

MCOLFICATION GF COH TIME COMPUTATICGN LUGIC 

REGEFINITION OF VERTICAL RISE VELOCITY 
CUTOFF 

OMIT ZONE tL FRUM DESCENT LOGIC 

SEC. 1 UNLY 

SEC. 2 GNLY 

SECs 2 ONLY 

PRUVIDE R& UUnwNtINK DATA ON LUNAR SURFACE 
IN P22 

CORRECTIUN JF IMU WARM LP TIME 

PCR/LUMINARY 

eck LIST/LUM



4C2 

405 

4Co 

4c? 

4ce 

4CS 

411,412 

4132 

414 

415 

417 

416 

419 

KA 

NA 

NA 

NA 

AUC} 

ROS 

V/N LIST) R30 

R47 

R24 5Rk24 

R25 

RCZ 

Pé0eF22 

P12 sh4CyP42yPE3yPOEyPICY 

P71, R93 

nn | 
PER /LUMENAPY 

PCkK LIST/LUM 

GSOP GPDATE SECTILN 4 

CURREC TION [2 #04 EN GSCP SECTION & 

GSOP CHANGE T VLUN 90 RI SCALE 

K47 CHANGES Tfi SET TION 4 

TRANSFER DF 2% FRUM AUTO TRACK TO LGC MODE 

PREVENT PROELEMS ARISENG FRGM RR CONTROL 
MOCE CHANGES 

GSGP SECTIUN 4 ROC2 IMUSE FLAG 

PREVENT DISPLAY CUNFL ICTS WHEN RR GOES 
CUT OF AUTG MULE 

CELETICN GF ENTS AFE 

STAGE-VEFItY CISCKETE 

PCR /L UMINARY 
PCR tL IST/LUM



422-4340 

431 

432 

434 

435,436 

437 

440-443 

444 

445 

446 

447-450 

ha 

NA 

NA 

NA 

NA 

wuaevsy i taf 

REO 

ALARM LEST sF125P47,P63 yR4L 

PSzyP5? 

PCE 

PIS, bh IG 

REG 

INOTESMIT/ TL 

ee 
POR/LUMINARKY 
PCK LIST/iLuy 

REARRANGE MEG. ForXTENUED VERBS 

WELL PROPUSE CANCFLLATIECN CF THIS PCR.) 

USUP SECTION & %21 REPGSITIONING CHECK 

GSCP SECTIGK 4 x*7 CLARTEICATION 

MIO-TO-AVE FOR P47, P12, P63 

CCWNGRADE THE UTHORITY OF THE PREFERRED 
ATTITUDE FLAG 

PO® IMUSE FLAG 

USE OF N34 TN Psu 

R6C BALL ANGLE OESPLAY 

PCR/ LUMINARY 
PCR LIST/LUM



aol " eo ae sete eRe de Po boos PrS IN ase 

  

abe A “ut PULTENE 3 8.05 LIMITS 

404 A “OG ALARM C1520 AhL IMUSE FLAG 

454-456 Na - 

45t A «20 CORRECTICN Ti. wee 

498-467 NA - 

468 A INDE Xv /N LIST yP204P225P 76 CHANGE R32 INTC EFCGRAM P76 

409 A V/N LEST,P57 AKCUN CHANGE IN P57 

4 A INCEXsS V/N LEsT + CHECKLIST, ADDITION OF POx PFOGRAY 
P6>ePO6 rtOT » POS 

47. A - CODING ONLY 

472 A ¥/i0 L919 P70 yP 71,40 SIMPLIFICATI GN CF OTL 

473 c - 

44 NA - 

4q5 A Fi2et TOP TL eRIC EXTENSICN CF <1? (CAPABILITY 

47o A PléyP?0,P 7) SEL 49 FIADCOUW - GIMFAL ORIVE 

47 NA - 

20K /LUMINARY 
PCP LIST/ LUM



4i9 

48U 461 

abe 

48a 

43g 

45€ 

461-453 

494 

455 

496 

4st 

456 

455 

be 

NA 

St4gC} 

NA 

S$ (460) 

NA 

Nb 

SEL & UNLY 

V/N LAST*CPTICN LIST »RO4, 
&2C RESP VGINT2 

- SEC 2 GNLY 

ALL exTENLED VERS 

Po3 

F238 

1c sec 5 

ve 
hORA LUM ENABY 

PIR Le 3T/ LM 

BYPASS R54 AND NOUN 93 
OURING IND TEAL ALIGNMENT 

NEW NOUN FOR UPTION COVE IN EXTENDEU VERBS 

INCORPORATIGN CF EXTENDED VERBS 

GI NOT GELAY P64 THRCTTLE-UP TIME 

GSOP CHANGE RES 

R1O COMPUTATION FREQUENCY 

POR/LLMINARY 
PCR LIST/LUM



a 
BOY /LEMIND RY 
Prk LIST/LEm 

Suede? Na - 

abe & Baber le CLARIFY FI-l? TH. i ESPLAY IN P35/P 04 

503-506 NA - 

5u7 A PCCa vse TERMINATION (+t EAT EGRAT ION 

508-5lz NA - 

513 A R22 CCRRECT EXIT (F133 

£14 A Ple Pl2e GSCP CHANGE 

515-517 NA - 

Sle A R3C CCRRECTEGN TS R30 

519-526 NA - 

527 A RE? MARK VERS FLEE kos 

S20-536 NA - 

£2. A neé?2 ACO 1] AbwTS PL +02 EXTRAPGLATION 

bog ‘ - SEC 2 ONLY 

293 Na - 

344 tu? 

D3 NA ~ 

POR/LUM INAS + 
POR LIST/LO¥



aw ~ 

an w 

540 

543 

544 

545 

546 

547 

Nd 

Atl) 

UNAS 

BLAKM LEST SPTO,RIL 

P20,P22 

VERB LIST eP405P632P70 

V/N LIST, F325 P335PT2) P73 

P2CyF22 

P63 pPO% pPOS pPO64 POT, PTOPPTL 

P2esP7E 

Pod 

Pee 

PelyF22 

84 
PCR/LUMINARY 

PCR LEST/LUs 

PTO, P7L SELECTISS, VIA V37 

SUPFACE faAVioattis FLAG CHECK IN P20 
AND P22 

PRCVIDE OPTION TG DISABLE THE PITCH-ROLL 
KC S ALTOPI LOT 

ACTIVE VEHICLE CENTRAL ANGLE IN CSI-COH 

CECREASE FREQUENCY OF MARKS IN P22 

ASSURE RATE COMMANDO /ATTITUDE HOLD MODE 
DURING P66 AND P67 

P30/P78 UPDATE INHIBIT FOR TUFINAL ) 
CALCULATION 

P68 OELETIUN OF PLEASE PERFORM ATTITUDE 
STCRAGE CESPL AY 

Pe8 TERMINATES IN GOTOPOOH 

RR SHAFT/TRUNNIGN SITAS MODIFICATION BY 
CrEn 

PCR/LUMINARY 
FCR LIST/ LUM



59U 

ooL 

552-553 

554 

555 

556-5568 

An an o 

560 

sel 

5o2 

565 

doo 

£2u~572 

Stoidd 

NA 

NA 

UNAS. 

UNAS 

NA 

Atl) 

ato 

na 

UPEN 

RéSek4] 

INDE XpP2CyP229P25yR21 pR22 4 
R22,R24 

POI TPT RIE R25 

a5 
PCR/ LUMINARY 

POR LIST/LUM 

SEC. 2 AND 
CUDING 

SEC 5 ONLY 

R29 HINDRANCE 3Y ¥ ID-TO-AVE FIG SLIP IN P12 

RESET OF RENUKFLAG IN P12 

SELECTION ANG TERMINATION OF P 20/22/25 

SEC 5 UNLY 

SEC 5 ONLY 

DELETE USE FF 2°9 DUPIKE P63 

PLA/LUMINARY 

PCR LIST/LUM



573 

St4-9Ts 

fie 

EqI-f€e 

SE? 

5e6 

589 

594-538 

ESS 

600 

ecl-€C? 

éc4e 

605-606 

ec7 

NA 

NA 

NA 

NA 

Ato) 

NA 

NA 

NA 

- SEL 5 ONLY 

- SEC 5 CNY 

7 SEC 6 UNiY¥ 

- SEC 2 UNLY 

ALARM LIST 

> SEC 3 GNLY 

F4U—P31%k30 

ALARM LEST 

MULTE Y ARCSIN-AFCCUS ALARM (01301) ACTION 
TO AVGIC HARLWARE RESTART 

RESCALE ATT IT. 

  

cE ERROR O1SPLAY 

PRUVIDE MAXIMUM DISPLAY FOR PERIGEE ANDO 
APCGEE IN P2drP314R30. 

UPCATE ALARA COOE LIST 

86 
PCR /L UMINAP Y 

PCR CIST/L UM 

PCR/ LUMINARY 
CR LIST/LUM



elo 

ecs 

610-611 

ele 

ols 

6lo 

ol7? 

ols 

els eéz1 

622 

NA 

NA 

PAC yP4 Ly Fae 

Rat 

PléePdO,P7) 

FUC »P2U yF22 ks 0 
KAL RAG RAE 

RO4 

- SEC 2 ONLY 

PhesPTCePTlynil 

R31 

vols Liab ePldrhecy P32 
FA FusyF ley PEByV AS 

4 

PLP SLUMENARY 
oCe LASHAL Us 

SEMPLIFICATI.. & @PERERRED CRIENTATION 

SELECT LUN FPO ed 

PREFERREO IM) ORIENTATION WHEN THIUST IS 

ALGNG ELCCAL VERTICAL 

RAISE TRRESHULES FOR DELTA V MONITOR 

AUTCMATIC 4-J&T TRANSLATION CAPABILITY 
IN P12_7Cy 72 

ADD NOUN 38 FUR TIME OF STATE VECTOR 

REDUCE RESTRICTIUNS ON RUNNING RO4 TO A 
MINE MUM 

PREVENT RIO F&UM DESIGNATING THE RFE 

MAKE THE DEP bate COMMAND A NON-LINEAR 

FONCTION JF LY -2Nu CUNTRGLLER OFF LEC TICN 

CUSRECTION T.. va%s = DOT, THETA, GR LUNAR 
DV REACE 

&Sk SAME NOUN NU ® FGR P32 AND P34 IN 

LUMINARY AND CHL SSUS TE 

  

PCE/LUMINARY 

elk LIST/LU¥



e24a-a2t 

edt 

628-029 

630 

634 

035 

41 

NA 

Na 

Aco) 

NA 

» 

ufo) 

BAG gh OS ge bagi? 

Rie 

#HO1—P05 

' w tr oO
 

Fade Fal sP42 pP63 4 R60 

PECsPZeeR2k 

Sad ONLY 

5 

vw 
5 

chLy 

CALY 

ONLY 

RS 

POR /LUMINARY 
ec? LEST/LUM 

“ra DATS tora © AUBL EN Ts #344 7G, 

4LCGa ASTRUNGUT T CONTINUE LANDING 

. PLAY wt WELAR COES NCT ACHIEVE 

PASTTIIN #2 

  

COKRECT DESIGN Fidw IN R61,R65 FOR HIGH 

LCS RATES 

DELEFE X-AxLS HvE2RTDE INHERIT FROM ROG 

ALTITUDE REASUNASILETY TEST PARAMETERS IN 

ERAS ABLE MEM «y¥ 

  

KEMGVE TRE fnsT ASTLITTIES AND EXCESSIVE 
OVER SHOOTS eiuv THE RR DESIGNATE ROUTINE R21 

PCR/LUMINARY 
PCk LIST/LUM



e4e 

C42 

644 

45 

646-651 

652 

653-655 

NA 

NA 

NA 

NA 

SEC 2 ONLY 

SEC 5 ONLY 

59 
PCR /LUMINARY 

PCR LIST/LUM 

PCR /L UMINARY 
PCR LIST/LUM



THIS PACE INTENTIONALLY LEFT @L ANX



PCR 
NUMBER 

260 

268.2 

270 

642 

646 

47 

648 

654 

670 

695 

696 

697 

698 

699 

7cC 

702 

708 

LUPINARY PCR ChANCE 

LUMENAKY FA PLR CHAKLE 

RECO KC REV 0? 19/31/69 
RELERE 

57 

THE LUMINARY 14 GSCPR UstS THE LUMPFNARY 1 GSLP AS A REFERENCE pASELINEs AND THE FOLLCWENG TABULATION OF PCRS [IS 
CESCKEPT IVE UF TRE CHANGES MALE TU R567— SECTIGN 4_ REVISTUN 1, (ASSEMBLY REVIS TUN 969) IN URDER T2 UPDATE THE GSP 
SECTECN 4 TOC Tre LUMINAFY LA CONFIGURATION (ASSEMBLY KEVISIUN C59), 

GNLY THOSE PURS WEICK AKE APPLICASLE TO LUM 1A SECTICN 4% ARE TABULATED &F LUA. THIS LIST SUPPLEMENTS PREVIOUS POR CHANGE RECCRDS whECH SFCULC ALSC HE RET AINEL FUR REFERENCE PURPISES. 

EFFEC TIVE 
LOCATION 

FLAGS, P12sP70sP 71 

NCLNS, P34y PIG 

NCUNS » PL2,P70, P71 

R61 RES 

P204P22 

P3L+ P40, P41,P 42 

P4C,P42 

R31 

FLAGS, PE3,P 64 

ACUNS» P32, P72 

PST 

PIC»P7L 

P57 

R52, R53yR59 

PEEDRIB 

ko2 

PLPC PTL 

Rok »R65 

SUBJECT TITLE 

PREFERRED ORLENTATION DURING LM ABCRTS 

RECUCTICN CF P34/ P35 RUN TIME 

PLACEMENT OF DESIRED INSERTICN RADIAL VELCCITY COMPCNENT INTO ERASAELE FOP PTO/PTI/P12 

PROVIDE "WINGS LEVEL™ BEADS UP, FIRE Z-AXIS TRACKING 

GIVE ASTRONAUT THE OPTION TU CONFIRM MAIN-LOBE LUCK-UN AFTER R22 ACQUESITIGN 

REPLACE LAMBERT wITH “A® STEER INK 0405P41, AND PG? 

MCCEFY P42 TC PERMIT STAGING BETWEEN TIG-30 AND TIS 

LESSEN DELAYS IN R3L 

SEMPLIFICATICN GF LANDING PRCGRAMS 

FROVICE OPTION FOR CSE PROGRAM TO COMPUTE T(APGAr SES) 

VOENZ2 DISPLAY IN P57? 

LIMITATION CF LM ABORT ORBIT INSERTION TO 1/2 DESPFE PLANE CHANGE 

ACC LM PCSITION DETERMINATION CAPABILITY TO P57 

PAD LOAD AUT BACK DETENT AZ ANC EL ANGLES 

IMPROVE THE RATE-CF-~CESCENT MULE (P66) PERFURMAVCE 

ALG CUAS CALIBRATION UPTION TG REQ 

PROVIDE CCNTUNUCUSLY VARIABLE AbCRT CREIT INSERTICN TARGETING 

ASCENT PGWEREC FLIGHT RCS CONTRUL 

PCR/LUM 1A



Bas 

720 

T2L 

W22 

732 

7136 

737 

738 

740 

144 

751 

752 

754 

155 

757 

758 

T61.i 

162 

ALARMS 

ALARMS 

INDE XsALARMS sf LAGS, 

R21,R26 

NUUNSs P2CeW67 

NCUAS, R22 

P63,P64,P65,P 66, 

R13 

NUUNSs P21 

F52 

R24 

ALARMS, P63yP64 

P32 ,F33yFT2,PT3 

P57 

PS7 

PL2+P20sP22 sP704P 71 

Rai 

R4l 

VERES 

ABCRT COASTING INTEGRATION wHEN IN INFINITE ACCELE<A TION UVERELGh LOOP 

TIME-THETA AND TIME-RADIUS ALARM ABGRT 

IWPRCVE PERFCRMANCE GF RR CESIGNATE PROCEDURE UN LUNA# SURF ACE 

PERMIT THE CREW TC MCOIFY W-MATRIX BIAS ERROR IN V67 ROUTINE 

ADC SOURCE CUDE FO NOUN 49 IN P2E/P22 

PERMET ATT HCLU MCDE IN P63 ,f64, 765 

Hove GAMMA CISPLAY WITH P2L 

CISPLAY TLANC IN P52, UPTION 4 

CHANGE EPSILCN TO 165 SECONCDS IN R24 

WAKE 1406 ALARM NCK-ABCRT IVE 

CLARTFY DESCRIPTIGN OF TCDH-TCSI AND TIPI~TCUH DISPLAYS 

PROVIDE EMU ORIENTATION SELECTICN CPTICN COCE IN P57 

CRANGE IMU GIMBAL ANGLES IN GRAVITY VECTOR DETERMINATION 

INITIALIZE RADMODES FOR P20,P22 AND R29 

ALLCw 15 SECONDS FOR AN INTEGRATION TIME STEP IN R4L 

R-2 LUNAR PCTENTIAL MODEL 

DELETE v6s 

58 
PCR/LUM LA 

POR/LUM 1A



PCR 
NUMBER 

er? 

279 

779 

780 

791.2 

198.2 

801.2 

802.2 

aos 

80742 

812.2 

ale 

816 

LUMINARY PLR CRAKGE KECCRE - EW U4 

61 

SG416/65 
LUMINARY 12 PCR ChANGL REL URL 

Tre FULLUwWING TABULATICN UF PCRS IS DESCRIPTIVE UF THE CHANGES MADE Ti &-567 SECT ION &+ PGNCS OPERATIONAL MODES, 
REVISICN 4 {ASSEMBLY REVISION 999) IN URCER TU UPDATE THE GSUP SECTION 4 FRM THE LUMINARY 1A TG THE LUMINARY 1B GCUNFIGLRATIUN CASSEMULY REVISION 116). UNLY TRUSE PCRS APPLICABLE TG LUMINARY LB HAVE BEEN TABULATED 

  

ELOW. THIS LIST 
SUPFLEMENTS PREVIGUS PLR LEANGE KECURDS »HICH SHOULD ALSG dE RETAINED FUR PEFEFFENCE FURPCSES. 

EFFECTIVE 
LCCATICN 

VI4 

INDE Xs? 38,P3G5,P7CeP Thy 
#73 ,P79 

RES 

NCUNS »RO4 pRO5S 

SECTION 4.0 TEXT 

FLAG S,ROC 

ALAKMS ,R53 

ALARMS 

vo 

P2l 

P30 eP34sP35,P74 PTD 

VST 

RO3 

ALARMS sRC4 oR12,H20 

R22 

R 129K 26 

P3t 

P52 

Pié 

SUBJECT TITLE 

A FIXED DUMPCNT 

VAKTABLE INSERTICN CCMPUTATICK 

LEAVE TRACK ENABLE SET WHEN R29 IS TERMINATED 

FRCVIDE PURE RR RANGE, RANGE RATE, AND TIME TAG DUKING P20+ P22, AND P25 

DO NUT ALLCW A PRECEED RESPONSE TO A V2Lh_ V22y OR V23 

RESET GLCKFAIL IN ROO 

MAKE BAILGUT ALARMS START WITH 3xXXX AND POODUC ALAKMS START WITH 2XXXXx 

SAVE ALAKM DATA AFTER "ERRCR RESET" 

CONtT 4LLGH V66 ON ThE SURFACE 

ADD PRESENT TIME OPTION TU P21 

RESETTING AND SETTING OF THE EXTERNAL DELTA V FLAG 

RECUCE KEYSTROKES REQUIRED TU CHECK AND APPROVE LR DATA 

MODIFY RO3 TC PERMIT ASTRONAUT SETTING CF L CEGREE CEADBAND 

ELIMINATE UACES IRABLE LR POSITION ALARMS FRUM R12 

PERMIT REJECTION UF INDEVIDLAL MEASUREMENT TNCGRPCRATIONS IN P20 

ELIMINATE LIGHTING CF ALT LIGHT WHEN LOW SCALE CISCRETE IS ABSENT 

CELETE P31LtLAMBERT AIM POINT GUIDANCE PROGRAM) 

DISPLAY GPTIUN 3 IN P52/P54 

REVERSE #76 CISPLAY 

PCR/LUM 18



832.2 

638 

839 

840 

841 

#844 

* 845 

B47 

848 

853 

a55 

856 

62 

* ALSG REFER TC PCR 279 

By 

PCR/LUM 18 

KOS REMCVE RESTRICTICGN GE RUNNING ROS GNLY IN POO 

FL2 7 F401 P41 Pac yPO4 POG, FREVENT RCS JET FIRINGS UN LUNAR SURFACE 
PO5sPE6,PO7yPOKP704PTI , 
R40 

R12 k12 ANC LR KE-POS ITICN ROUTINE IMPROVEMENTS 

P64, F170, P71 REDUCE ATTITUDE OSCILLATIONS IN P64 AND P65 

VERB S+FLAGS Pld eP4C P41 ~¢ PORCS GERLVEC VEHICLE ATTITUDE RATES ON FCA ERROR NEEDLES 
P42 P64, F645 FOS, P66, POT 

PTC sP71 gR6U 4 ¥59 4V60 VSL 

Vee 

TNDEX NOUNS CPTICA COLES, CELETICN UF P38/P78 AND P39/P79 
FLAGS P36yP35,P76,P 7S 

P70,PT7L CC NOT TURN UN R29 DURING P70/P 71 

Pl2yPTO,PT71 ELIMINATE POSSIBLE LOCK~OUT CF PITCH-OVER FROM PL2,°70,P71 
R2E PREVEAT RR ECCUS FRCM STEALING LGC MEMORY CYCLES 

VERES RESTRICT V35 TO Pao 

NUUNS,P 63 PROVIDE A FLEXIBLE METHCD FCR CREW TG MODIFY RLS 

R1zZ BEGIN REACING LR VELOCITY AS SOON AS VELOCITY DATA GOUD APPEARS 

AL ARMS, CHANGE 1502/1206 FROM POODOC'S TC BAILCUTS 

PCR/LUM 18



65 
ae 

4 0462 LUMINAKY PUR CHANGE RECURD 
REV OL 12/03/69 4 0402.3 LUMINAFY 1C PCR CFANCE KECURD 

THE FOLLOWING TALULATICN OF PCKS IS DESCKIPTIVE OF THE CHANGES MADE TU #-557 SECTION 4, PGNCS OPERATICNAL MUDESs REVISION 6 LN GROER TC UPDATE THE SECTIUN 4 GSUP FREM LUMENARY LE TC LUMENARY IC CONFIGURATION. THIS CEST SUPPLEMENTS PREVIUUS PCR CHANGE RECORDS WHICH SHUULU ALSO BE RETAINED FCR REFEKENCE PURPOSES. 

PCR EFFECTIVE SUBJECT TITLE 
NUMBER LOCATICN 

285(REV 1) INDEX sNCUNS oF LAGS »PO3e REMOVE CHECK OF AUTG THROTTLE DISCRETE 
PO4sP65yPE6sPO7T PER PIC, 
PTL yFlOsR1 Ly RE2,R13,R4C 

806.2 INDE XsNOLNS ROL ALLCW NOT TC AOCRESS GUTPUT CrANKELS 

863.2 FLAGS, P76 MAKE P76 SET NOCO FLAG 

882 NCUNSs P65,P EE REPLACE VHORIZ WITH SCMETHING BETTER 

893 FLAGS, P7Cy P71, ROC ABCRT TARGETING FLAGBIT 

895 FLAGS 1V59 LR REPOSITION BY V5SE IN P63 

93642 R36 ENITEALIZE v90 TIME TC TIS 

943 Ri2 VELCCITY REASONABIL ITY TEST 

968 Pes LPD BIAS CORRECTION 

972 RS&4 DISPLAY PCLARITY OF SIGHTING ANGLE DIFFERENCE IN 2-54 

PCR/LUM IC



36 

THIS PAGE UNTENTIONALLY LEFT BLANK 
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13 

444.3 VERBS USED EN PRUGRAN LUMENARY 

  

4.4.3.1 REGLLAK VERBS 
REV 02 99/16/65 

Pce 

00 NOT IN LSE 

Ol DISPLAY CCTAL COMP L OIA Ri 

O2 DISPLAY OCTAL COMP 2 IN RI 

03 DISPLAY OCTAL CCMP 3 IK RI 

04 OISPLAY CCTAL CUMP 1,2 IN Ri,R2 

O5 DISPLAY OCTAL COMP 14293 IN R1yR2,R3 

06 DESPLAY DECIMAL IN RL CR R1LyRZ GR KlyR2,83 

O7 DISPLAY CP CECIMAL IN R1,R2 

08 SPARE 

O9 SPARE 

10° SPARE 

11 MONITCR GCTAL CCMP 1 IK RL 

12 MCNITGR OCTAL COMP 2 IN Ri 

13° MONITOR CCTAL COMP 3 IN RL 

14 MCAITCR CCTAL CCMP 1,2 IN R1l,R2 

15 MONITOR GCTAL COMP iy 243 IN RilgRZqR3 

16 MONITOR DECIMAL IN Ri CR ALyR2 CR KL, R2,K3 

17° MCNITCR CP CECIMAL IN R1sR2 

18 SPARE 

VERB/LUMI NARY 
EXTENDED VERB 

‘



BF 

19 

2c 

1 

22 

23 

24 

25 

26 

27 

2& 

29 

3c 

3k 

32 

33 

34 

35 

36 

37 

3a 

39 

SPARE 

SPARE 

LCAC COMPONENT 1 INTC RI 

LOAD COMPONENT 2 INTO R2 

LOAD COMPGNENT 3 ENTC RS 

LCAC COMPONENT 1y2 INTU R1yR2 

LUAD COMPONENT 1,243 INTC RL >R2 4R3 

SPARE 

DISPLAY FIXED MEMORY 

SPARE 

SPARE 

REQUEST EXECUTIVE 

RECUEST WAITEIST 

RECYCLE 

PROCEEC 

TERMINATE 

TEST LIGHTS (USAGE RESTRICTED TC POO} 

REQUEST FRESH START (#) 

CHANGE PROGRAM 

SPARE 

SPARE 

# OENUTES THAT LUGIC FLCw 1S DESCRIBED IN SEC 4.4.11 
  

  

4 040342 EXTENDED VERBS 

     

    

WHEN USEO 

853 

    

PCR 

40 
VERB/LUMINARY 
EXTENDED VERB 

VERB/LUMINARY 
EXTENDED VERB 

(



40 

41 

42 

43 

44 

45 

46 

47 

48 

4S 

‘50 

52 

52 

53 

54 

55 

56 

57 

58 

55 

60 

61 

62 

63 

64 

65 

66 

67 

ZERC COUS (SPECIFY NZO Gh Nfe?d 

COARSE ALIGN CDUS (SPECIFY N2C UK N72) 

FINE ALIGN IPL 

&CAD FOCAL ERROR NEEDLES (TEST UNLY) 

TERMINATE RR CUNTINUULS Uc SEGNATE 

SPARE 

SPARE 

INITIALIZE AGS (R47} 

START CAP CATA LUAC (R03) 

START CREW DEFINED MANELVER (R62) 

PLEASE PERFCRM 

SPARE 

MARK X-RETICLE 

MARK Y-RETICLE 

MARK X-OR Y-RETICLE 

INCREMENT LGC TIME (UECIMAL) 

REQUEST TERMINATE TRACKING RCLTINE (R56) 

PERMIT LAACING RACAR UPLATE 

INFIBIT LANCING RACAK UPLATE 

COMMAND LR TO PGSITECK 2 

UISPLAY VEFICLE RATES 

DISPLAY DAP ATTITUDE ERRUR 

OISPLAY TCTAL ATTLTUCE ERRUK 

START RR/LR SELF TEST KOLTINE ¢(RC4) 

START S-BAND ANT. RELTINELKO5) 

CISABLE UyV JETS CURING CPS BURNS 

VEFICLE ATTACHED. MOVE THIS VEHICLE STATE VECTCR TO CTHER VEHICLE 

w MATRIX RMS ERRCR UISPLAY 

& (N2G AND N72) 

N20 AND W/Z} 

POO 

R53 

R53 

R53 

R33 

P20 .P22,P25 

Pé3 

Pca 

PZ0.P22 

( 
VERB/LUMINARY 

EXTENDED VERS 

VERB/LUMINARY 
EXTENDED VERB



68 

a9 

70 

71 

72 

73 

74 

15 
76 

17 

78 

‘79 

80 

81 

a2 

83 

84 

85 

8& 

87 

88 

a9 

90 

91 

92 

93 

94 

95 

SPARE 

RESTART 

START LGC UPCATE; LAtTURE TIME 

START LGC LPDATES BLCCK ADR 

START LGC UPLATE: SINGLE ACR 

START LGC LPOATE? LGC TIME (CCTAL) 

INITIALIZE ERASABLE GLPF VIA COWALEMK 

ENABLE UsV JETS CURING DPS BURNS 
M~ENIMLM IMPLLSE COMMANE MCOE 

RATE COMMAND ANC ATTITUDE HOLD MODE 

START LR SPLRICUS TEST (R77) 

STCP LR SPURICUS TEST {R77) 

ENABLE LM STATE VECTOR UPDATE 

ENABLE CSM STATE VECTCR UFCATE 

REQUEST CREIT PARAM LISPLAY (R20) 

REQUEST RENC PARAM DISPLAY (R31) 

SPARE 

DISPLAY RR LCS AZIMUTH ANC EL EVATIUN 

SPARE 

SPARE 

SPARE 

START REND FINAL ATTITUDE MANELVER (R63) 

REGUEST REAC CUT OF PLANE GISPLAY (R36) 

OISPLAY BANKSUM 

START IMU PERFURMANCE TESTS {GRD USED 

ENABLE w MATRIX INITIAL IZAT LUN 

SPARE 

NG UPDATE CF ELTHER STATE vECTICR 

R
e
 

P20 

P20,P22 

ANYTIMECPLZ» 
P40 sP419P42,P47) 

ANYTEME( P47) 

VB5—P12, 
P22,P 57,P 68 

Poo 

P324P332P34,P35, 
PI2yP T35P 74,P 75 

P20,P22 

P20sP 22 

16 
VERB/ LUMINARY 
EXTENDEG VERB 

VERB/LUMINARY 
EXTENDED VERB 

(



#4 

96 INTERRLPT INTEGRATION AND GC TC FCC # ANYTIME 

97 PERFORM ENGINE FAIL PRCCECURE R40 

98 SFARE 

99 ENABLE ENGINE IGNETION P12—P40,P 42 
P63 yR40 

# CESICNATES THOSE EXTENDED VERBS FOR wHICH 
LCGIC FLOW IS DESCRIPEC IN SECTION 4.4.11 

CHANGE CONTROL NOTES 

REV OL PCR 8499s 1184 16441734225 52469420 3468 9470 9539 9623 
REV OOCLUM 1A) PCR 762 
KEV OWLLM 28) PCR G41, ECITCRIAL 
REV O2Z2ELUM 12) PCR 853 

17 
VERB/ LUMINARY 
EXTENDED VERB 

VERB/LUMINARY 
EXTENDED VERB



or, 
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4 NOUNS USED IN PRGGKAM LUMINARY. 

oC 

on 

02 

03 

04 

05 

06 

07 

08 

09 

10 

iL 

NOUNS SPECIFIED AS BELNG LCALABLE 
In THES COCUMENT ARE MARKED (L}. 
ALTHCUGH CTHER NGUNS MAY BE LOAG— 
ABLE, WHETHER NEWLY LUADED DATA IS 
USEC BY TEE PROGRAM IS SUSJECT TO 
THE PARTICULAR CCELNG ASSCCIATEC 
WITH THE USE OF THE NCLN, 

NOUNS 

NOT IN LSE 

SPECIFY ACCRESS (FRAC) (L} 

SPECIFY ADDRESS (nHCLE)d {l) 

SPECIFY ADORESS (DEGREE? Cu 

GRAVITY ERROR ANGLE 

SIGHTING ANGLE DIFFERENCE 

CPTICN CCOE IC (LyR2 UNLY) 
OPTECN CODE 
OATCCCE (P57) 

CHANNEL /F LAG RCRD/ ECALK aby 
ERAS ABLE OPERATOR eiT Ib 

ACTIUN 

ALARM DATA ADRES 

8BCON 
ERCULNT 

ALARM CCOES FIRST 

SECCND 
LAST 

CHANNEL TC BE SPECIFIEL (LyEXCEPT CHARNEL 7) 

TIG(CSI) (ub 

oe XXXXX FRAC 

oXXXXX FRAC 
o XXXXX FRAC 

XAXXX. INTEG 
XXXXX~. INTEG 
AXKKK. INTEG 

XXXeXX DEG 
ANXe XX DEG 
KXX XK DEG 

XXXaXX DEG 

XXX XK DEG 

oct 
ccT 
ccT 

ccT 
oct 
oct 

oct 
ocT 
cct 

oct 
cct 
act 

oct 

COXXX. HRS 
QOOXX. MIN 
CXXeXX SEC 

19 

REV 03 12/03/69 

WHEN USED PCR 

P27 

P27 

P57 

R22, R54 

ANYTIME WITH V25 806.2 

ANYTIME WITh VO5 

ANYTEME wITH vos 

ANYTIME WITH VOleVIl. OR V2? 

F32_P72 EDIT 

NOUN/ LUMI NARY



4h 

12 

13 

14 

15 

lo 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

235 

CPTICN CGCE ICtUSEE BY EXT VERBS UNLY) 
GPTICAN CCDE 

TIe¢ctH) {Ld 

CHECKLIST (USED INTERNALLY @Y EXTENDED 
VERBS CNLY) 
{N25 IS PASTED AFTER DISPLAY. 
Nl4 IS NEVER VISTBLE TC THE 
CREW.) 

ENCREMENT ACURESS {Len ITbh NO1,02,03) 

TIME OF EVENT (USED BY EXTENDED VERBS ONLY} 
a) 

SPARE 

DESIRED ALTO MANEUVER FDAL BALL ANGLES 

SPARE 

PRESENT ICDU ANGLES 

PIPAS 

DESIREC ICLL ANGLES tt) 

SP ARE 

DELTA TIME FOR LGC CLOCK qa) 

CHECKLIST (LSED ®ITH V5C) 

PRIG/DELAY, ADRES »2ECGN (ewdilh VAC, 31) 

SELF TEST CA/CEF SWITCH Cu) 

SPARE 

SPARE 

_ 

x
x
 

cG 
IG 
MG 

N 
<
>
 

aG 
IG 
MG 

uct 
ocr 

CCOXXX, 
OOOXX. 

OXX XX 

KXXXX 

RXXXK 

XXXXe 

oct 

COXXX, 
OOOXX. 
OXX KX 

AK XX 

XXX LXK 

XXX XX 

XXKAXK 

XXKe KX 

KKK KK 

XXXXK. 

ARKKK 
XX 

XXX eXX 

KM a XK 

XXX. XX 

OOXXK,. 
OOOXX, 
CXX. XX 

XXXXKo 

OCT 
cct 
oct 

XXKKK, 

HRS 

MIN 
SEC 

HRS 
MIN 
SEC 

DEG 
DEG 
CEG 

OEG 
DEG 
OEG 

PLLSES 
PULSES 
PULSES 

DEG 
CEG 
DEG 

HRS 

MIN 
SEC 

ROS yR30 pRU3 yV4INT2 

P33 ,P73 

R36 R47 

R60, R63 

ANYTIME WITH VO6 

ANYTIME WITH Vo6 

P51 P524P57 »R6O2,V41N200V43 

v55 

“ 

20 
NOUN/LUMI NARY 

NOUN/LUM INARY 

(



30 

31 

32 

33 

34 

35 

‘36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

SPARE 

SPARE 

TIME FROM PERIGEE 

TiG ao 

TIME OF EVENT (ub 

TFL 

TIME CF LGC CLOCK 

T1G (PI) tt) 

SV INTEGRATION TIME (TET) 

SPARE 

TIME FROM IGNITIUN/CLIOFF 
VG 
DELTA ¥ (MEASURED) 

NAV BASE AZIMUTE (ut 
NAV BASE LATITUDE 

APC ALT 
PER ALT 
DELTA V 

LATITUDE 
LONGITUDE 
ALTITUCE 

APG ALT 
PER ALT 
TEE 

MARKS (MH) 
TFL 
MGA 

COXXX, 
QOOXX, 
OXK XX 

OOXXXK. 
OOOXX, 
ORX. XX 

OOXXX« 
OCOXX. 
OXX XX 

COXXX, 
OOOXxX. 
OXX XX 

COXXX, 
QOOXX. 
CXX. XX 

OOXXX. 
OCOXX. 
OXXeXX 

OOXXX. 
Cooxx. 
OXXK KX 

XXBXX 
XXXKSX 

XXKXK eX 

XXXe XX 
XK XXX 

AXKKe X 
XXXX WK 
XAXKX 

XXK KX 

XXXKXX 

XXXKAK 

MXXKX 

XXX X 

XX BXX 

XNXXX. 
XXBXX 
HARK 

HRS 
MIN 
SEC 

HRS 
MIN 
SEG 

HRS 
*IN 
SEC 

HRS 
MIN 

SEC 

HRS 
MIN 
SEC 

HRS 
¥IN 
SEC 

HRS 
MIN 
SEC 

MIN/S EC 
FPS 
FPS 

DEG 
DEG 

nu 
NM 
Fes 

DEG (+ NURTH) 
DEG {+ EAST) 
NM 

NM 
NM 
MIN/SEC 

MIN/S EC 
DEG 

R30 

P12 P22 4P30,P76 

P2140 52,P57 

P32—P 34eP 72,P 14 

ANY TIME 

P40» P42 

SYSTEM TEST 

P30 

P21sP68 

R30 

P30 ¢P324P335P34,P35 
PT2:P73,P 24,P 75 

21 
NOUN/ LUMENARY 

NOUN/ LU MENARY



46 

47 

4e 

45 

50 

51 

52 

53 

54 

55 

56 

57 

58 

5g 

6c 

61 

62 

63 

DAP CUCNFIG tu) 

THES WEMICLE bt tk) 
CTHER VERICLE wT 

GIMBAL PITCH TRIM (uo 
GIMBAL ROLL TRIM 

DELTA R 
DELTA V 
SCLRCE CCOE 

SPARE 

S$ BAND ANT PLTCH (ALPHA) 
S BAND ANT YAn (BETA) 

CENTRAL ANGLE OF ACTIVE VEHICLE 

SPARE 

RANGE 
RAKGE RATE 
THETA 

NC OF APSICAL CROSSINGS (N} C(t} 
ELEVATICN ANGLE (E) 
CENTRAL ANGLE (CENTANG) 

RR LCS AZIMUTH 
RR LOS ELEVATION 

SPARE 

PERIGEE ALTITUDE (POST TP1 GR SOR) 
DELTA Vv {(TPI CR SGR) 
DELTA ¥ (TPF GR SOR FINAL) 

DELTA Vv LCS 

FORVEL 
b DOT 
H 

TG 
TRI 

CRGSSRANGE 

VI 
TEE 
DELTA V (MEASURED) 

VI 
H DOT 

cct 

HAKKK 

XXKKK 

XXX XX 

XXXe KX 

XXKK oX 

XUKKeK 

XXXXKe 

XXK XK 

KX XX 

XXX KK 

XXX XX 
XEXX.X 

XXX XX 

HAKK Ke 

XKX oXK 

XXKAXK 

XMX oXK 
XXX XX 

XMXX. X 

XXXKK 

XXXK aK 

XXXXaK 

XXXX 0X 

KXKXLX 

XXXK oX 

HRXXeX 

XXXXKe 

XB XX 

XXBXK 

XXKX oX 

XEXXAX 

AX BAX 

XXXL XK 

XXKX AX 

XXXXeX 

Las 

LBS 

CEG 
DEG 

NM 

FPS 

CEG 
DEG 

CEG 

NM 
Fes 
DEG 

DEG 
CEG 

DEG 
DEG 

NM 

Fes 
FPS 

FPS 
FPS 
FPS 

FPS 
FPS 
FT 

MIN/SEC 
MIN/SEC 
NM 

FPS 
MIN/S EC 
FPS 

FPS 
FPS 

~ 22 
NOUN/LUMINARY 

RO3 

ROB 

RO3 (LOAD FL SITIVE NON-ZERO CNLY) 

R22 

ROS 

P34yP35—P74,P 75 

R31 

P32 2P34—P724P74 

V85 eP12¢P22,P57, P68 

EDIT 

P345P74 

P34 P35 yPT4 PTS 

P65,P 66 285 882 

P63 

P63 

P1l2sP 63 

NOUN/ LUMENARY 

(



47 

64 

65 

66 

67 

68 

"69 

70 

7 

72 

73 

4 

75 

16 

77 

78 

H 

TIME LEFT FCR RECESIGAATICNS (TRI/LPC 
H DOT 
H 

SAMPLED LGC TIME 
(FETCHED IN INTERRUPT} 

UR SLANT RANGE 
LR PCSITICN 

LR VX 
uk VY 
LR Vz 

SLANT RANGE TC LS 
1G 
DELTA 

LAND DELTA Z COMPONENT th) 
LANC CELTA Y COMPONENT 
LAND CELTA xX COMPGAENT 

ACT CETENT COCE/STAR CODE tt) 

AQT DETENT CODE/STAR CODE {u) 

RR TREANICN ANGLE 
RR SHAFT ANGLE 

DESIRED RR TRUANION ANGLE {i} 
DESIRED RR SHAFT AAGLE 

TFL 
Yah 
PITCH 

DELTA ALTITUDE CDH 

DELTA TIME (CCH-CSI OR TPI-COH) 
DELTA TIME (TPI-CCH GR TPI-NOMTPL} 
(NOTES R2 AND R3 ARE MUDLLARIZED IC 
ThE PCURS L.E. 63 MINS 22 SECS IS O1S- 
PLAYEG AS 03822) 

OCWNRANGE VELCCITY (VEF) tm) 
RADIAL VELOCITY (H OuT F) 
CRCSS RANGE 

TG 

VELCCITY NURMAL TO CSM PLANE 

RR RANGE 
RR RANGE RATE 
TFI 

XXXXK, 

XXBXX 
HXKX SX 
XXXKK. 

OOXXXK,. 
CCOXX. 
OXX XX 

AXXKK. 

0000x. 

XXXKX. 

XXXXXe 

XXKAKS 

KXXK eX 
XX BAX 
XXXXX. 

XXXXK, 
ARK XM. 

XXXXX, 

uct 

ccr 

XXX XX 

XXX XK 

XXX aKK 
XXX oXX 

XXBXX 

XAX XX 
XXX. XK 

KXXX aX 
XXB XK 

XXBXX 

KXXXX 

XXX XK 

XKXXaX 

XX BXX 
XXX. K 

XXK XX 

XXKXKe 

XXBXX 

FT 

SEC/DEG 
FPS 
FT 

HRS 

MIN 
SEC 

FY 

FPS 
FPS 
FPS 

NM 
MEN/SEC 
FT 

FT 
FT 
FT 

DEG 
DEG 

OEG 
CEG 

MIN/SEC 
CEG 
DEG 

NM 
MIN/SEC 
MIN/SEC 

FPS 
FPS 
NM 

MIN/S EC 
FPS 

NM 
FPS 
MIN/SEC. 

P64 

R33, ANYTIMF WITH V16 OR VO6 

RO4 (LR POSITIGN ANYTIME WITH VO6 DR Vi6) 

Ro4 

PO3,V57 EDIT 

P63 

R52 4R59 

R53sR59 

RC4 R21, ANYTIME WITH VO6 CR V16. EDIT 

V41N72 

P12 

P32.P33,P72,P 73 

Pl2sP70,P71 

PL2sPTO P71 

RO4 EOIT 

23 
NOUN/LUMENARY 

NOUN /LUMENARY



7S 

a0 

al 

82 

323 

a4 

a5 

86 

87 

a6 

89 

30 

91 

92 

33 

CURSGR 
SPIRAL 
PCSEITICNA CCLE 

DATA INDICATOR 
GMEGA 

DELTA 
DELTA 
DELTA 

DELTA 
DELTA 
DELTA 

DELTA 
DELTA 
DELTA 

DELTA 
DELTA 
DELTA 

VGK (LM 
VGYCL¥ 
VGZILM 

VGXOLY 
VGYILY 
VGZULV 

BACKLP OPTICS LCS AZIMUTH 
BACKUP OPTICS LOS ELEVATION 

CELESTIAL BQDY 1/2 UNIT VECT 

LATITL 
LCNG/2 
ALT TU 

RENC Cut OF PLANE PARAMETERS 

ANGLE 
ANGLE 

VXCLW) 
vY¥ (lve 
V2ZELVh 

VXCLV} 
VYdLv) 

vitLv) 

WXEL? 
VYCLM} 
VZ{LM} 

¥x€OV) 
vy (QV) 
V2ecw) 

) 
i 
) 

) 
) 
’ 

DE 

DE 

ALTITWE 
VELUCI 
FLIGHT PATH ANGLE 

TRRCMC 
H OCT 
H 

DELTA GYRC ANGLES 

TY 

(i? 

CLt 

ay) 

qu) 

a) 

cCmMP tL) 

au) 

v 
Y cor 
PsI 

tu) 

» 

KKK XX 
XXX KX 

XMKXK, 

XK. 

XKKe KX 

XAKK SK 

XXXX. XN 

XXXK XK 

XXXKe K 
XXXKoX 

XXXKAX 

XXKKoX 

XKXK AK 

XXXKe x 

KXKXK XK 

XXXK. XK 

XXXKoX 

MARKS MH 
KXXK eX 

XXAK LK 

XXXK WX 

XXKK oX 
XXX. X 

XKX XX 
XX. XK 

oXXKKX 

© AXKXKXK 

@ XKXXK 

XK KKK 

HM KX 

XXX XH 

HXK XX 

XXXX aX 
KNX, XK 

XKKXX 
XUKKK 

XXX XX 

XXKXXe 

XXXXeX 

KRXKXK o 

AXLKXX 

XX XXX 

OEG 
DEG 

DEG 

FPS 
FPS 
FPS 

FPS 
FPS 
FPS 

FPS 
FPS 
FPS 

FPS 
FPS 
FPS 

Fes 
FPS 
EPS 

FPS 
FPS 
FPS 

OEG 
DEG 

DEG 
DEG 
NM 

NM 
FPS 
DEG 

NMX LO 
FPS 
DEG 

POT 
FPS 
FT 

DEG 
DEG 

RSmWRS59 

R24 

P30 yP 32,P 33, P34, P 35,P 40yP 41eP 42, 
PT] P73 yP74,P75 

P32 yPTZ 

P47 

PT6 

P12 sP40 P41 4P42y P70, PTI 

P40 ,P41 P42 

R52,R53,yR59 

R58 

P52,P57 

R36 

P63, P64, P65, Poe 285 

P57 eR55—¢V42 

24 
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4? 

Z XX.KXX CEG 

94 SPARE 

95 SPARE 

96 SPARE 

97° SYSTEM TEST INPUTS qu XXXXXe 
XXX, 

KXXXX 

98 SYSTEM TEST RESULTS ANU INPUT {Ly XXXKK. 
oXXXXK 
XXKKKe 

99 RYS IN PCSITICGN XAXXKe FT ve? 
RMS IN VELOCITY XXX aX FPS 
RWS IN BLAS XXXXX. MILLERADIANS 

CHARGE CCATRCL NCTES 

LCGIC REV 00 PCR 79 
LOGIC REV OL PCR F999 4106 4138 4173 4254 24074 469s 4724 4904 540, 6149623 
LOGIC REV GC(LUM 1A) POR 268 527Cy6S597324736,738 

REVS 01,02(LUM 18) PCR 279,752, 18C, 822, 854,EDI TORIAL 
REV O3(LUM 1C} PCR 285,806.2,882, ECITOREAL 

25 
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St 

CHECKLIST REFERENCE CCLES USED wITh THE "PLEASE PERFORM 
CHECKLIST" REQUEST (VERB 5C NUUN 25) 

  

Rl COoce 

O0cL3 

oook4s 

QO0015 

"00062 

KEY IN NGRMAL OR GYRC TCRCUE CCARSE ALIGN 

KEY IN FINE ALIGNMENT OPT IUN 

PERFORM CELESTIAL BODY ACQLISITICN 

SWITCH LGC POWER CCWK 

00200 - 

00201 

00203 

00205 

00500 

00501 

CHANG 

REV CL 
REV 02 

SWITCH RR MODE TC AUTEMATIC 

SWITCH GUICANCE CONT TO PGNS, MODE TO AUTO, THR CONT TO AUTO 

PERFORM MANLAL ACQLISITICN CF CSM ITH RR 

SWITCH LR ANTENNA TC PGSITION i 

SWETCH-CENCT ES CRANGE PUSITION OF A CONSOLE SWI TCH 

PERFORM-OENOTES START CR END GF A TASK 

KEY IN-DENCTES KEY IN CF CATA THRU TRE OSKY 

E CONTROL NOTES 

PCR 134,47¢ 
ECITOR TAL 

27 

REV 02 08/05/69 

WHEN USED PCR 

P52 

P57 P63 ,R51 

PS51yR512R59 

P06 

7 408 

P20,P22,R04 

PL2 eP40 5 P42, P63,PT0, PTL 

R23 

P63 

- 
470 

CHECKLIST COD
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S53 

REV 03 
CPTION CUGES/LUM 

4046 THIS LEST STATES THE CPTIUN CCOES DISPLAYED IN Rl IN 
++ CONJUNCTICN WITH VERB 04 NOUN C@ {UR VO4N12 FOR EXTENDED VERBS 
+03 OR VOS FGR P57) TC RECLEST TRE ASTRONAUT TC LGAC INTG R2 THE 
+EDIT CPTION HE DESIRES FUR PRUGRAM LUMENARY. THE SPECIFIED GPTICN 
+t CCOES witt BE GISPLAYEC iN R1 IN CONJUNCTION WITH FLASHING VO4- 

NCé (OR VC4N12 FOR EXTENDED VERBS CR VO5 FCR P57} TG KEQUEST 
THE ASTRONAUT TO LUAD INTU R2 THE OPTION HE DESIRES. 

Ri 

CPTICN 
CODE PURPCSE INPUT FOR R2 

ocool SPECIFY IMU CRIENTATICN 1=PREF, 2=NOM, 3=REFSMMAT, 4=LAND SITE 

00002 SPECIFY VEHICLE 1=THES, 2=OTHER 

Qo003 SPECIFY TRACKING ATTITUDE L=PREFERREL, 2=CTHER 

ococd4 SPECIFY RADAR 1=RR, 2=LR 

00006 SPECIFY RR COARSE ALIGN GPTIUN 1=LOCKON, 2=CONTINUOLS DESIG 

ao010 SPECIFY ALIGNMENT MCDE O=AAYTIME, L=REFSMMAT +6, 
2*TwO BGDIES, 3=0NE BODY +6 

00012 SPECIFY CSM ORBIT OPTICN 1=ANC GRAIT CHANGE, 2=CHANGE ORBIT TO PASS 
OVER LM 

CHANGE CCNTIRCL ACTES 

REV OL PER 1054490 
REV C2(LLM 1B) PCR 275 
REV 03 EDITORIAL 

29 

12/03/69 

WHEN USED PCR 

PS2eP57 

P21,R30 

R63 

RO4 

V4IN72 

P57 . 

P22 

JPTION CODES/
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4.4.7 

al 
CODE 

20105 

Oo0L07 

Oolli 

ooll2 

‘00113 

00114 

00115 

00206 

oc207 

00210 

rsa 

00212 

0G213 

00214 

oo217 

00220 

00401 

90402 

0C404 

ALARM CODES USEC WITh VERB 05 NOUN O09 

*e 

PURPOSE 

  

AUT MARK SYSTEM IN USE 

MGRE THAN 5 MARK PAIRS [NFLIGHT, 
5 MARKS ON LUNAR SURFACE 

MARK MISSING 

WARK CR MARK REJECT NOT BEING ACCEPTED 

NG INBITS 

MARK MADE BUT NCT DESIRES 

NO MARKS IN LAST PAIR TO REJECT 

ZERO ENCODE NOT ALLCHED WITH COARSE ALIGN 
+ GIMBAL LOCK 

TSS TURN-ON REGLEST ACT FRESENT FOR 90 SEC 

IMU NCT OPERATING 

COARSE ACIGN ERRUR 

PIPA FAEL BLT PIPA IS NCT BEING LSED 

TPL NCT CPERATIAG wITH TURK-CN REQUEST 

PROGRAM USING IMU WHEN TLRNED OFF 

BAD RETURN FRCh LPLSTALL 

BAG REFS MMAT 

DESIRED GIMBAL ANGLES GREATER THAN "X®" DEG 

FINECCUW RUUTINE NUT CONTROLLING 
ATTLTUDE BECAUSE CF IKACECUATE 
POINTING VECTORS. 

SPECIFIED STAR ACT AVAILSELE IN ANY CETENT 

31 

REV 93 12/03/69 

SET BY PCR 

R57 

a57 

R57 

IMU MODE SwITCH 
V40.N20 

T4aR LPT 

EMU MODE SWITCH, RO2 

IMU MODE SWITCH, P51, 
P57 R50 

IMU MODE SWITCH, T4R UPT 

T4RUPT 

T42UPT 

PS1sP57,R50 

ROZ R47 

INF ALIGN €"xX*=60), 
FUNDCOUW ("xX "=70) 
KALCMANU 

FINOCKUW 

R5S EDIT 

ALRM/LUMINARY



SG 

cc4es 

0042) 

20430 

00501 

00502 

Uucso3 

00510 

o0si1 

OC514 

00515 

cc520 

00521 

90522 

00523 

00525 

OC526 

00527 

00530 

00600 

00601 

00602 

00603 

00604 

00605 

00606 

+x 

yp 

“Pp 

MF 

MP 

MP 

THC STARS ALF AVAILAELE 

W-MATRIX OVER FLUwW 

ACCELERATION OVERFLGH IN ENTEGRATICN 

KATAR ANTENNA CUT UF LIMITS 

BAC KACAR GIMBAL ANGLE INPLT 

RADAR ANTENNA DESIGRATE FAIL 

RACAR AUTG CISCRETE NLT PRESENT 

LR NOT IN PUSETILGN 2 GR REPCSLTECNENG 

RR GCES CUT CF AUTC wCCE weILe IN USE 

RR CCU FAIL CISCRETE PRESENT 

RADARLPT NOT EXPECTED AT THIS TEME 

CCULC ACT REAL RACAR 

LR PUSITIUN CHANGE 

LR DIC NCT ACHIEVE PUSITION 2 

CELTA THETA GREATER THAN 2 DEG 

RANGE GREATER THAN 4CO MILES 

LCS ACT IN MOCE 2 COVERAGE WHILE GN LUNAR 
SLRFACE OR VEHICLE MANELVER REQUIRED 

LOS NUT IN MOLE 2 COVERAGE ON LUNAR 
SLRFACE AFTER 600 SEC 

IMAGENAKY RGCTS GN FIRST ITERATION 

PERIGEE ALTITLOE CSE LESS THAR 35K FT 
{LUNAR ORHET} UR 85 NM (EARTH ORBIT). 

PERIGEE ALTITUWE CDH LESS THAN 35K FT 
(LUNAR URBIT) GR 85NM CEARTH GRBIT). 

CsI TO COH TEME LESS THAN 10 MIA 

COH TGC TPL TIME LESS TFAN 10 MIN 
OR COMPLTED CDH TIME 1S GREATER THAN INPUT TOI TIME. 

NUMBER OF ITERATIUNS EXCEEDS P32/72 Looe 
MAXIMUM 

CELTA V EXCEELS MAXIMUM 

32 
ALRM/LUMINARY 

R51 

INTEGPY 

CRAITAL INTEGRATION 

23 

V4INT2 

R21, V41N720NON MP) 

R255 V40NT2 

R12 

P2CyP22 

R25 

P20eP 22,R12 

R22 yRR2 

ROG 

R12,V60CNON MP} 

H22 

P20,P 22 

R24 

Ral 

P32 yP72 

P32,P72 

P32,P 72 

P32,972 

P32 4P72 

P32 P72 

P32 ,P72 

ALRM/LUMINARY



20607 

00611 

oo7ol 

oo777? 

01102 

21103 

31104 

01105 

01106 

01107 

31201 

31202 

21203 

21204 

312C6 

31207 

31210 

31211 

01301 

21302 

21406 

01406 

01407 

01410 

“* 

+t 

7 

ae 

AC SCLUTICN FROM TIME-TEETA OR 
TI FE-RADILS 

AC TIG FUR GIVEN ELEV ANGLE 

ILLEGAL OPTIUN CUDE SELECTED 

PIPA FAIL CALSED 1SS bARAING 

LGC SELF TEST ERRuOR 

UNUSED CCS BRANCH E xXECLTED 

DELAY RCLTIAE BUSY 

COWNL INK TUO FAST 

UPLINK TOO FAST 

PHASE TABLE FAILURE. ASSUME ERASABLE 
MEMORY IS DESTROYED 

EXECUTIVE OVERFLUW — NC VAC AREAS 

EXECUTIVE OVEKFLOW-NO CORE SETS 

WALTLIST GVERFLCW ~ FCC MANY TASKS 

WATTLIST, VARDELAY, FIXOELAY, LUNGCALL 
GR DELAYJGB CALLED WITH ZERO GR NEGATIVE 
DELTA TIME 

SECCAD sCB ATTEWPTS TC GC TC SLEEP VIA 
KEYBOARD AND DISPLAY PROGRAM 

NC VAC AREA FGR MARKS 

TwO PROGRAMS USING DEVICE AT THE SAME TIME 

ILLEGAL INTERRLPT UF EXTENDED VERB 

ARCSIN~ARCCCS ARGUMENT TCC LARGE 

SQRT CALLEC wiTh NEGATIVE ARGUMENT 

BAD RETURN FRGM RCCTPSKS 
(CURING IGNITIGN ALGURTTHM) 

BAD RETURN FRCM RCCTFESRS 
(DURING POWEREL FLIGHT) 

VG INCREASING (CELTA-V ACCUMULATEC 
AT 90 DEGREES FRUM UESIRED THRUST 
VECTCR). 

GNINTENTIONAL CvcRFLCw IN GLICANCE 

33 
ALRM/LUMINARY 

TIMETHET, TIMERAD 

P33 9P34 9P73 P74 

P57 

T4kUPT 

SELF CHECK 

AgURT 

EXEC UTI VE 

T4RUPT 

T4RUPT 

RE START 

EXECUTIVE 

EXECUTIVE 

WATTLIST 

WALTLIST 

PINBALL 

253 

TMU MODE SWITCH 

R53 

INTERPRETER 

INTERPRETER 

P63 EDIT 

P63,P 64 EDIT 

P40,P 42 

P63, PHA, P65 

ALRE/ LUMENARY



01412 

21501 

31502 

01520 

C1600 

01601 

017¢3 

01706 

32000 

02001 

02002 

02003 

02004 

03777 

04777 

o777T 

1¢777 

13777 

14777 

*e 

+ 
ae 

M 
Pp 

CESCENT IGNITIUN ALGORIINM NUT 
CONVERGING 

KEYGOARU AND DISPLAY ALAKM DURING INTERVAL 
LSE CNVSLBI*. ABCRT 

ILLEGAL FLASHING DISPLAY 

V3@ REQLEST NUT PERMITTED AT THIS TIME 

CVERFLCW IN CRIFT TEST 

BAD IMU TORWLUE 

TCO CLCSE TC IGAITICA, SLEF TIG 

INCORRECT PRUGRAM SELECTED FUR VEH CONFIG 

GAP STILL IN PRUCESS AT NEXT 
TIME 5 KUPT 

JET FAILURES HAVE ULSABLED Y-Z TRANS- 
LATICN 

JET FAILURES HAVE DISABLED x TRANS— 
LATICHN 

JET FAILURES HAE OL SABLED P ROTAT- 
TEKS 

JET FAILLRES HAVE DISABLED L~v RCTA- 
TIOns 

ICDL FAIL CALSED THE ESS #ARNING 

ICOL, PIPA FAILS CAUSEL THE ISS WARNING 

IMU FAIL CAUSEL TRE [SS naKNING 

PML, PIPA FALLS CALSEL TRE ISS WARNING 

IMU, ICU FAILS CAUSEC TRE ISS WARNING 

IMG, ICDL, PIPA FAILS CALSEL THE ISS 
WARAING 

SECTION 4 GF THE GSGP LCES ACT CESCRIBE LOGIC OF ALARM 
GENERATION. CUNSULT PRUEGRAM LISTING 

GENERATES SUFTWAKE KESTAKT (3AULGLT ALAR) 
RESULTS IN PRKUGRAM CUING TC 200 (POGDOD AL ARM) 
INOECATES MAIN ALARW 
INCICATES PR iUK ITY ALARM 

PINBALL 

GCPLAY 

ao0 

SRUUND TEST 

GRUUNL TEST 

R41 

P40 4 P42 

DAP 

UAP 

uAP 

DAP 

DAP 

T4RUPT 

T4RUPT 

T4&RUPT 

T42 UP T 

T4RUPT 

T4RUPT 

34 
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ST 

NCTE FOR VOS NOY CESPLAYS: 

RL-XXxXX (FIRST ALARM FCLLGWING ERRCR RESET). 
R2-KKXXX (SECOND ALARM FULLORING ERROR RESET). 
RB~XXAXX (MUST RECENT ALARM). 

ERROR RESET wIik SET RI AND R2 TO 
2ERC, GUT AGT AFFECT RB. 

CHANGE CONTROL NUTES 

LOGEC REV OL PCR 105510641384437 1536 993 
LOGIC REV QO{LUM LA) PCR 720572197220 751 

REVS 01,02(LUM 1a} PCR 801.2 .802.2,817, 856, EDITORIAL 
REV 03 EQETOR IAL 

35 
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of 

4 aK 8 FLAGS REFERENCED IN SECTECN 4 OF R567 
12/03/69    

ABORT ENABLE FLAG 

ABORT TARGETING FLAG 

ACTIVE FLAG VEHICLE 

APS ABCRT 

CONTINUATION FLAG 

APS FLAG 

ASTRONALT FLAG 

ATTITUDE FLAG 

AUX FLAG 

AVERAGE G FLAG 

CCMP E FLAG 

CCNTINLCLS CESIGNATE 
FLAG 

DESIGNATE FLAG 

ABURT PROGRAM 
ENABLEC 

s 

893 J2yKZ PARAMETERS 
USED FGR ABCRT 
TARGE TING 

LM IS ACTIVE 
VEHICLE 

APS CONTINUED 
ABORT AFTER 
OPS ABORT 

EDIT CRE® HAS 
SPEC IFEED 
THAT CPS KAS 
BEEN STAGED 

CREW HAS APP— 
ROVED IGNITLO 

LGC HAS STGRE 
LM ATTITLDE 
IN MOGN~FIXEC 
cG-CRe 

IN 

c 

If IDLE FLAG RE- 
SET SERVICER 
WELL EXERCISE 
OV MON 

895 AVERAGE G 
(SERVICER) 
GESTREC 

ELEV. ANGLE 
SUPPLIEC FCR 
P34/74 

ECIT LGC CCHMANCS 
BETHGLT LOCK 

EDIT RR DESIGNATE 

RR 
CN 

ABORT PROGRAMS NOT 
ENABLET 

J1sK1 PARAMETERS 
USED FOR ABORT 
TARGETING 

CSM IS ACTIVE 
VEHICLE 

APS ABORT NOT 
A CONTINUATION 
OF DPS ABORT 

CREW HAS 
SPECIFIED 
THAT DPS HAS 
NGT BEEN STAGED 

CREW HAS NOT 
APPROVED IGNITION 

LGC KAS NOT STORED 
L¥ ATTITUDE IN 
MOGN-FLXED CO-ORD 

IF IDLE FLAG RESET 
SERVICER WILL SKIP 
DVHGN AND SET AUX 
FLAG 

AVERAGE G 
(SERVICER) 
NOT CES IREO 

ELEV. ANGLE NOT 
SUPPLIED FOR 
P34/74 

LGC CHECKS FOR 
LCCK CN 

RR GESIGNATE NOT 

PT7OsP7E RAE 

TARGETING 
COMPUT AT TONS 

PTL 

P12 sP40 4P42,P63 
P70,P71 ,RO3 yR40 

P12)P40;P4byP42,P 63, 
R40 

PST 

R40 

P70 eP71,R25,R30, R31, 
AVERAGE Ge V59 

P34 P74 

V4@IN7T29V44 

R29 eV4IN72 

P70 sP7L 

P32 9 P33 sP342P35 

P70 

P42eP68sP T1,RO3 

P12 P40 P42 »P63 R40 

PST P68 

R40 

AVERAGE G 

P34 y P74 

V4LNT2 

R29, V41N72 

47 

P12ePE8eP TOP TE 

ROO 

P724PT3,PT4, 
P75 

FRESH START 
(V36E) 

RQ3 

PL2 » P40 4 P41, P42, 
P632R40 

FRESH START 
(V¥36E) 

R40 

ROO, FRESH START 
(V36E} 

P34,P 74 

Pl2 420 yP22,R00 
R25sR2€ R56, 
VGINT20V44 

P12,P20,P22_R00, 

FLAG/ LUMENARY



DIG Flag 

ORIFT FLAG 

EXTENDED VERS ACTIVE 

FLAG 

EXTERNAL CELTA ¥ FLAG 

FINAL FLAG 

FIRST PASS FLAG 

GIMBAL LUCK FLAG 

H FLASH FLAG 

HIGATE FLAG 

TICLE FLAG 

TGNITICN FLAG 

TMPULSE FLAG 

UMUSE FLAG 

INERTIAL CATA OLSCRETE 
FLAG 

INIFIAL ALIGN FLAG 

LANGING ANALUG DESPLAYS 

EDIT 

EDIT 

SeuuESTt lL CR 
if PRUGRESS 

INERT LAL 
DATA AVAIL 

ABLE 

GYRE CCW 
PENSATIUN 

EXTEAULED VERB 
IN PROGRESS 

EXTERNAL GELTA 

Vo Wo COMP 

LAST FASS 
THRKUUGH 

RENC. CUMP. 

FIKST PASS 
CF R26 

GIMBAL LUCK 

FLASH LR 
ALTITUDE 

FAIL LAME 

AFTER HIGATE 

NO DY MCRITCR 

TIG HAS 

AKREVED 

MINIMUM IMPULSE 

aURN (C/T SET) 

IMU IN USE 

RR Cus Lh USE 
FUR INERT TAL 

LATA CESFLAY 

INIT EAL PASS 

LANDING ARALCG 

RESUCSPEL OR IN 

PRLGRE SS. 

PERFURM DATA 

CESPLAY INiT PAL ~ 
TZATICN 

NOG CYRU COMPEN- 
SATICN 

NO EXTENOEL VERB 
PRCGRESS 

LAMBERT VG COMP 

INTEREM PASS 
THRCUGH REN- 
DEZ VOUS CUMP 

SUCCEEDING PASS 
OF R26 

NOT GEMBAL LUCK 

OC ACT FLASH 
LR ALTITUDE 
FAIL LAMP 

BEFORE HIGATE 

CONNECT OV MCNITOR 

TIG HAS NOT 
ARRIVED 

STEERING BLRN 
(C/G NGT SET} 

IMU NOT IN USE 

RR COUS NOT IN 
USE FOR L[NERTIAL 
DATA CISPLAY 

SECOND PASS OF P57 

LARCING ANALOG 

REO 

T3KUPT 

RO5eR 30eh 3LyR 7G, VES 

TVC COMPUTATIONS 

P329P 339P 349P359P72, 
PT3,P7T4, P75 

R26 

ROD 

R40 

PLZ sP402P42,P63,R40 

P4CyP429P63 R40 

R47 

R10 

RIA 

PS1yP52 P57 ,ROOeRSO 

k76 

F290 yP32 ,P33,P72.P73 

P30_P324P335P34sP35, 
O72, P73—P 74,P 75 

R26 

RLe 

PL2,P40,P42—P TP T1y 
RUO+R40, FRESH START 

(V3€E) 

P12 yP40 yP41,P42,P63, 
R40 

P40 P42 

P57 RO2 

Rio 

POT 

PL2,P63 

43 
FLAS/ LUMI NARY 

R29 +R56,y 
V4IN724V44,5 

FRESH START 
(V36E) 

R10 

P06 »P51,P52,P57T, 
R50 

P27 4RO3,RO4S,ROD, 

K30¢K31yR3EWR4T, 
R62yRO3,V41,V 425 
V43 V55 pVO7T eVB5y 
VITEV92 

P34 P35 5P7T4, P75 

P32 ,P334P34, 
P35ePT2eP 734 
PT4,P75 

Kk26 

R00 

RGO R12 

ROO 

P12sP40, P42, P63, 
P70,P71, R40 

P12, P40,P41,P 42, 
P632R40 

P40, P42 

P06, RO0, R56 

R10 

PST 

P68,ROO 

FLAG/ LUMINARY 

(



os
 

FLAG 

LOCK~ON FLAG 

Losc™m 

LPOS2 FLAG 

LR BYPASS FLAG 

LR PERMIT FLAG 

LR PGS ITICN CATA 
FAIL FLAG 

LR POS ITIGN FLAG 

LR VELCCITY CATA 
FALL FLAG 

MANUAL ACQUIRE FLAG 

MARK EN PROGRESS FLAG 

MARK INPLT 
ENHIBIT FLAG 

MARK PAIR FLAG 

MARK REJECT FLAG 

MID L FLAG 

MUNFLAG 

NEEDLE FLAG 

NEED2ZFLG 

epir 

EDIT 

eCIT 

ECIT 

DISPLAYS 
ENABLED 

RADAR LCCK- 
ON DESIRED 

LOS BEENG 
Camp UTED 

USE LR PCSITECN 
2 TRANSFORMATION 

BYPASS iR 
UPDATES 

LR UPLATES 
PEKMITTED BY 

ASTRONAUT 

UR ALTITUE 
CATA FAIL 

LR POSITIUN 
#2 DESIRED 

CR VELUCITY 
CATA FAIL 

MANUAL ACQUIRE 
BY REND. RADAR 

MAKK IN PROGRESS 

WARK FRCCESSING 
INHIBITED 

FALR CCPPLETE, 
NEXT MARK 

STARTS NEW PAIR 

MARK MADE AND 
ATLL BE CLEARED 
BY REJECT 

INTEGRATE STATE 
TO TEC) 

SERVICER 
CALLS MUNRVG 

TUTAL ATTAITUCE 
ERRGR LI SPLAYED 

veFICLE ATTITUCE 
RATES DISPLAYED 

DISPLAYS NOT 
ENABLED 

RACAR LCCK-CN 
NOT DESIRED 

LCS NOT BEING 
COMPUTED 

USE LR PCS IT ION 
1 TRANSFORMATION 

OC NOT BYPASS LR 
UPDATES 

LR UPDATES NOT 
PERMITTED BY 
ASTRONAUT 

NO LR ALTITUDE 
DATA FAIL 

LR POSITION #1 
DESIRED 

NG LR VELOCITY 
DATA FAIL 

AUTO ACQUIRE BY 
REND. RADAR 

NO MARK IN PROGRESS 

MARK PROCESS ING 
ALLOWED 

PAIR EN PROCESS, 
MARKS NOW WILL 
BE REJECTED 

BOTH MARKS wiih 
BE CLEARED BY 
REJECT 

INTEGRATE STATE 
TC PRESENT TIME 

SERVICER CALLS 
CALC RVG 

A/P FOLLOWING 
ERRCR DISPLAYED 

VEFICLE ATTITUDE 
RATES NOT DISPLAYEC 

V41N72 

R21, R29 

Rl2 

ROG RI2eRZ0R TT V59, 
V4ON72 yV41 N72 

Ri2 

R1i2 

R20 

Ri2 

P205P22 

R53 eR76 

R57 

R57 

R57 

R41 

R25 

DAP 

DAP 

R21,V41N72 

R21sR29 

R12 

POBs*P T0sPTiyROO, FRESH 
START (V36E) 

VST 

R20 

RI4,RL2eR77V6O 

R20 

P20 

R53 

R53 

R41 

P12,P63 

R60,V62 

vod 

49 

FLAG/LUMI NARY 

R21 R26, VGL N72 

P204P22,R21 yR24y 
R29sV4IN72 

ROO 

P63 

ROO+V57,V58 

R20 

RO4R77 

R20 

P20,P22 

R53 

R53 

RS3_9R57 

R53eR 57 

R4l 

ROO 

V61,FRESH START 
(V36E) 

R60 sV6LeV62, 
FRESH START 
{V36E) 

FLAG/LUMI NARY



New TAkotT FLAG 

NO 511 FLAG 

NC DC VERE 37 FLAL 

NC MARK ALLCWEL FLAC 

NC ie KEAL FLAC 

NC KR MCNETCR FLAG 

NO R-29 FLAG 

NO TERUTTLE FLAG 

NO UPCATE FLAG 

ULCES FLAG 

PREFERKEC-ATTITLDE- 
CCPPUTELD FLAG 

PRIGRITY CISPLAY 

AWAITING KEY RELEASE 
FLAG 

PRIURITY DISPLAY FLAG 

PRIORITY IDLE FLAG 

PULSES FLAG 

863 
tvET 

clit 

ELIT 

eDIT 

MoT RUNALT ov ea~ 

eROT® Lilla y 

AT TPL UR TPM 

CL ALT TEST LR 

ANTENNA PUSTTIUN 

AFTER FIGATE IN 

Khe 

V37 NUT ALLUWED 

Mang NOT 
ALLCwéiu 
CE xTeNvED 
veRe ACTIVE) 

LK KEPUS I~ 
TELNEAG 

BYPASS RR 

MCNTICR 

R29 ACT ALLCHECL 

[NAT BIT FULL 
THROTTLE 

NELTFHER VEHICLE 
MAY BE UPCATED 

RED vYKL CMD 

LLoP RECs STEC 

PREFERRED ATTI- 

TUCe COMPUTED 

ASTRONAUT USERG 
KEYPOARL writ 

FRKICKETY CLSFLAY 
INT TIATED 

F20 FRICKITY 
UI SPLAY 

PRICRETY UISPLAY 

AWAITING ASTRO- 
NAUT RESPUNSE 

PLNIMUM 
IMPULSE 
CUMMANG MCE 

AST« G4AUT OL AGT 
UVerwritt Celta v 

TEST LX ANTENNA 

PUSITICN AFTER HI- 

GATE IN R12 

V3? ALLUWED 

Make > ALLUhE) 

LK NOT REPUSI- 
TICNING 

PERFUKM RR 
MUNITOR 

R29 ALLOWED 

AbLGh FULL 
THROTTLE 

EITHER VEHICLE MAY 

BE LPYDATED 

k29 GYRU CMO LCUP 

NUT REWLESTED 

PREFERRED ATTIFUDE 

NGT COMPLTED 

ASTRONAUT NCT 
USING CKEYGOARD 
FREE} 

P20 NUAMAL GISPLAY 

PRIGRITY DISPLAY 

NCT WATTING 
(KEYBUARD FREE) 

NOT IN MINT MUM 
IMPULSE COMMAND 
Mcce 

P34 —gP 35 yh 24 yP 75 

R1é 

Roc 

KSA ?e 

R25 

RO4+ R29 R7AVIG, 
V4ON72 »V41N72—¢ FRESH 

START (V36E} 

PaO 

Rae 

Po2 

R76 

R76 

R76 

DAP 

44 9P35 P74, PTS 

Hi gPTb yRaT 

RTo 

eL2 

ke 3 R26 VEL R72 

KmO, FRESH START (V36E) 

pan 

PAN,PG1,P 42 

“SKY DISPLAY 
PROGRAM 

PEL ROS 

SKY DISPLAY 
PE IGRAM 

VT6 Posy 

a” 
= LAG /L UMINARY 

P44, P25, P74, P75 

FRESH START 

(V36E) 

PCGyP76,RO0,RGT 

h27,RO3,RC4,R O05, 

K30¢R31 ¢R36rR4T 

R 62:2 G3, Val V42y 

V439V55, VOT, VI5— 

VOL sV9? 

FOO RL? 

P20, P22,R21,R234 
V44— FRESH START 
(V36E) 

Pl2 

P40,P 63 

V80,V81 

P29 

P52 

USKY DISPLAY 

PROGRAM 

R61,RO5 

DSKY DISPLAY 

PROGRAM 

P12yP49,P41,P42, 
P63,P70,P71,R45, 
v77 

FLAG/LUMINARY 

(



P25 FLAG 

QUIT FLAG 

RANGE CATA FLAG 

RANGE SCALE FLAG 

RES FLAG 

READ R FLAG 

READ VELGCITY FLAG 

REDESIGNAT ION FLAG 

REFSMMAT FLAG 

REMODE FLAG 

RENDEZVOUS FLAG 

REND WwW FLAG 

REPOSITICN FLAG 

ROTATION FLAG 

KK ANTENNA MOCE FLAG 

RR AUTO HODE FLAG 

EDIT 

evIT 

eECIT 

EvIT 

eoit 

EDIE 

P25 RUNNING 

STOP iNT e- 
GRATION 

iR ALTITUCE 
MEASURE MENT 
MADE 

SCALE CHANGE 
DURING RR/LR 
REAC 

RCS ENJECTICA 
MOCE 

READING RR 
FUR R29 

READ LR WELOCITY 
CATA 

LANDING SITE 
RECDES IGNAT ICA 
ALLOWED 

REFSMMAT GCOC 

CrANGE IN 
ANTENNA FCOE 
REQUESTED 

P20 UR P22 
RUNN ING 

W MATRIX VALID 

REPOS IT ION 
IN PROGRESS 

FORCE VEFICLE 
ROTATIGN IN PRE- 
FERREC CIRECT ICN 

RR IN MOOE 42 

RR NCT IN 

AUTU MOCE 

P25 NCT RUNNING 

CCNTINUE INTE- 
GRATION 

NO LR ALTITUDE 
MEASUREMENT 
MADE 

NG SCALE CHANGE 
OURING RR/LR 
READ 

MAIN ENGINE 
MODE 

KCT READING RR 
FOR R29 

OO NOT READ LR 
VELOCITY OATA 

LANDING SITE 
RECESI GNAT ION 
PROHIBITED 

REFSMMAT BAD 

NO CHANGE IN 
ANTENNA MOCE 
REQUESTED 

NELTHER P20 NOR 
P22 RUNNING 

W MATREX INVALID 

NO REPOSITION 
Ih PROGRESS 

OC NCT FORCE VEHICLE 
ROTATICN 

RR IN MODE #1 

RR IN AUTO MODE 

P25 sRN0 »R56 ROL, ROD 

Pee 

R12 

RL2yR22,R29 

P12 

R29 

R12 

P64 

P3CyP32,P33,P34, 
P35 PST »ROZ R47 

R24 sR25yR29, 
V41N72 

P205P22+ROO R22, 
R24sR254R56 yREL ROS, 
RTT V59sV4ON72,4¥41N72 

NAVIGATION 
COMPUT AT [ONS 

R2C RIL R25 R29, 
V4ONT 2, V4IN72 

P12,P7C,PTI 

R29 

R29 sV40NT2 

P25 

V96 

R12 

R20 

PLl2,P7CsP 71 

R29 

P64 

PSL sP525P57 

R21 sR29eV41 N72 

P20 eP22, 

NAVIGATICGN CCMPUT AT IONS 

R25 eR29 

PTOPT? 

R25 V4ONT2Z 

R25~ FRESH START {V36E) 

51 
FLAG/ LUMINARY 

P63,RO0,R56 

Poo 

Koo, R12 

R12 R22 ,R29 

PT0,P71 

R29, FRESH START 
{v3eE) 

ROO 

P63—P 64 

P06 pP51,P52,P57, 
R50 ,V4E N20 

R21 2R25 yR29, 
V4IN72¢ FRESH 
START (V¥36E) 

PO06,P12,P €3sRO0, 
R56 

P1L2sV672V93 

R255 R292 V41NT2¢ 
FRESH START 
(V368) 

P7OeP7L, FRESH 

START (V36E) 

R25, V4CN72 

R25 

FLAG/LUMINARY



oe 

KR COU NLT FAIL‘EC FLAG 

RR CLU ZERU FLAG 

RR DATA FAIL FLAG 

RR TURN ON FLAG 

RC4 FLAG 

R1O FLAG 

R-12 X-AXIS CVERRIDE 

FLAG 

R6L FLAG 

R77 FLAG 

SEARCH FLAG 

SNUFFER FLAG 

STEER FLAG 

SURFACE FLAG 

TRACK FLAG 

ULLAGE FLAG 

UPDATE FLAG 

ELIT 

cull 

EuIT 

EDIT 

ELIT 

Noo Ke CLU FALL 

Kx CUUS 
ZERGEL 

del 

RR CATA FAIL 

RR TURN UN SEQU- 

ENCE IN FRCGRESS 

ALARM 00521 

SUPPRESSED 

Riu CUT FUIS 

GNLY TC H AND 
F LECT METERS 

INF EBIT 
CVERRICE 

RUN Kel LM 

RTT CN 

(SUPPRESS RADAR 
ALARPS AKC 
TRACKER FAILS) 

RACAR IN AUT 
SEARCH CPTICK 

Us Vo JETS CIS 

ASLED DURING 
OPS BURN 

SUFFICTENT 
THRUST 

LM CN MCCN 

TRACKING 

ALLU WED 

LLLACE FECLEST 

dV UPLATIREG BY 
RR MARKS ALLOhEU 

RR COU FAILED 

Rk COUS NOT 

BEING ZEROEU 

NC KR CATA FAIL 

NG KR TURN UN 

SECUENCE 

ALARM 00522 
ALLChED 

R19 QUuTPUTS To H 
ANC FOGT METERS ANG 
FORWARD AND LATERAL 
CROSSPCIAT ERS 

DG NOT INHIBIT 
OVERRICE 

RUN R65 LM 

RTT GFF 

RACAR NOT IN AUTO 
SEARCh CPTECN 

Us V JETS ENABLED 
DURING CPS BURN 

ACT SUFFICIENT 
THRUST 

i* ACT CN MOUGN 

TRACKING NOT 
ALLOWED 

KC ULLAGE REQUEST 

SV UPCATING BY RR 

MARKS NUT ALLCWED 

R2Cpk25 

P20 pP2e gk22 R25 4R20 

kee 

V4CN72 

R20—9R 77 

R1o 

R12 

R61,R65 

RO4 R20 + R77 WV 59, 
V4ONT2 yV4 LNT2 

P2CeP 225K 24 

DAP 

Fve 

P20, P22eR21+R22yR24y 
R31 R57 VO? 

P20, P22yP25,RO4 R22, 
R56 yROL ROS RIT VS9y 
V4CN72,V41N72 

cap 

R22 

“25 y FRESH START (V368) 

425 WV&ONT2 

h20 

k25 

r U4 R65 

P12,P70,P7E 

k12 

R61 

RT? 

R24 

R4n 

Pos 

P20 eP22P25, P30, 
P32 5P33,P34,P35, 
P72 pPI3+E74yP75,PT6, 
RCO 

PS0sP42 PEI R4C 

P20 yP22 ,P30,P32, 
PsdeP34yP 35, 
P72 P73 4P74,P75, 

52 
FLAG/LUMINARY 

R25 

R25yV40NT2, 
FRESH START 

(V366) 

R29 

R25, FRESH START 
(V36E) 

P20 yP22yROD ROM, 
R65 

FRESH START 
(V36E) 

ROO 

R65 

V79_, FRESH START 
(V36E) 

P20 ,P22 

V755 FRESH ST ART 
(V36E) 

R40 

Pi2 

POG >P51.P57,ROO, 

R508 56, V41N20 

P4G4P425PF63—,P70, 
PTLROGR 40 

P30 P3224 
P33,P34,P35, 
PT2, 

FLAG /LUMI NARY 

(



wt 

USE-QR-JETS FLAG 

VEHICLE UPCATE FLAG 

VELOCITY CATA FLAG 

VER IFLG 

VERTICAL RISE FLAG 

V FLASK FLAG 

VX INHIBET FLAG 

WV37 FLAG 

V6T FLAG 

X MARK FLAG 

¥ MARK FLAG 

3-AXIS FLAG 

4-JET TRANSLATICN FLAG 

EDIT 

X-AXIS CVERRICE INHIBIT 285 
FLAG 

TRIM GIMBAL LN- 
USABLE-USE JETS 
CNLY 

CSM SEING 
LPDATEC 

LR VELOCITY 
MEASUREMENT 
MADE 

INVERTED BY V33 AT 

VERTICAL RISE 

LR VELOCITY LAMP 
FLAS FING 

IF Z~VELOCITY 
BAD, BYPASS 
X-VELUC ITY 
UPOATE 

SERVICER IS 
RUNNING 

ASTRCNALT CVER- 
WROTE INITIAL 
w-MATRIX 

BELOW LIMIT IN- 
HIBIT CVERRICE 

X MARK AC- 
CEPTEC 

Y MARK AC~ 

CEPTEC 

B-AXIS 
MANEUVER 

4-JET X-Ax IS 

TRANSLATICN 

TREM GIMBAL 

MAY BE USEO 

LM BEING UPDATED 

LR VELOCITY 
MEASUREMENT 
NOT MADE 

END OF P27 

NON VERTICAL RISE 

LR VELOCITY LAMP 
NOT FLASHING 

UPDATE X-VELOCITY 

SERVECER IS 
NOT RUNNING 

ASTRONAUT HAS NOT 
OVER WRITTEN 
W-MATR IX 

ABOVE LIMI 1-00 
NOT INHIBIT 

X MARK NOT 
ACCEPTED 

Y MARK NGT 
ACCEPTED 

1-AXIS MANEUVER 
{VECPOINT) 

2-dET X-AXIS 
TRANSLATION 

NAVIGATION 
COMPUTATIONS 

R12 

GROUND CONTROLLERS 

P12eP70,P71 

ROG 

R12 

ROO »RO3_ RO4, RTT, 
V59 sV4ON72 9 V41 N72 

VoT 

DAP 

R53 R57 

R53 RST 

R60 

oAP 

R40 

P22 yVBL 

Ri2 

e27 

PL25P70,P7L 

Ri2 

R12 

AVERAGE G 

vVo7? 

PL2 oP70e P71, R12 

R57 

RST 

R62 

P12 9P70+P71yCREW 
OPTION IN RO3 

53 
FLAG /L UME NARY 

P73,P 74,P 75, 
ROO eR56 

R40 

P20+V80 

ROO, R12 

P2T 

P12sP70,PT7L 

ROOR12 

ROO+R12 

ROO 

v6T 

P124P 65, P66,P 70, 
PTL, ROO 

R53—R57 

R53eR57 

P40sP41sP42 R00, 
R52 + R60 5 R61» R63, 
R65 

FRESH START 
(V36E) OR CREW 
OPT EON IN ROB 

FLAG/LUMINARY



uf 

CHANGE COATRCE NUTES 

REV Cl EDITORIAL 
REVS OGr0L (LUM 14) PLR 260,648,670, 722,E01 TURTAL 
REVS C24C3 ({LL¥ 18) PCR 279 4780 47983 4814,820, 823,838, 

£25, 641, E45,EDE TORT AL 
REV 04 (LUM iC) PCR 2854363424 5554 55, EDITUR ITAL 

54 
FLAG/ LUMI NARY 

FLAG/ LUMINARY 

(



6? 

P00 
P06 
Pl2 
P20 
P2l 
p22 
P25 
P27 
P30 
p32 
P33 
P34 
P35 
P40 
Pa 
P42 
PAT 
P51 
P52 
P57 
P63 
P64 
P65 
P66 
P68 
970 
P71 
P72 
P73 
p74 
P75 
P76 

LUMINARY PROGRAMS 

LGC ICLING 
LGC PCWER DGWN 
POWERED ASCENT 
RENCEZVOQUS NAVIGATION 
GROUND TRACK DETERPINATICA 
LUNAR SURFACE NAVIGATION 
PREFERREC TRACKING ATTITUCE 
LGC LPDATE 
EXTERNAL CELTA V 
CO-ELLIFTIC SEQUENCE INITIATION {CSI} 
CONSTANT DELTA ALTITUDE (CDH) 
TRANSFER PEASE INITIATION (TPL) 
TRANSFER PHASE MIDCCURSE (TEM) 
Ops 
RCS 
APS 
THRUST MONETOR 
ImU CRIENTATICN CETERMENAT IGN 
IML REALIGN 
LUNAR SURFACE AL IGN 
BRAKING PHASE 
APPROACH PHASE 

LANCING PHRASE (AUTO) 
LANDING PhASE (RCC) 
LANDING CONFIRMATION 
CPS ABORT 
APS ABCRT 
CSM CO-ELLIPTIC SEQUENCE INITIATION {CSI} TARGETING 
CS® CCASTANT CELTA ALT ITUCE (CCH) TARGETING 
CSM TRANSFER PHASE EAITIATICN (TPE) TARGETING 
CSM TRANSFER PFASE MIDCULRSE (TPM) TARGETING 
TARGET DELTA V 
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