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Preface

The Guidance System Operations Plan is published as seven separate

volumes (sections) as follows:

Section 1 Pre-Launch
Section 2 Data Links

Section 3 Digital Autopilots
Section 4 Operational Modes
Section 5 Guidance Equations
Section 6 Control Data
Section 7 Error Analyses

This volume, Section 4 of the Guidance System Operations Plan for
Manned LM Earth Orbital Missions using Program SUNDANCE cescribes

the operational modes of the mission,

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 PGNCS 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 propellant constraints. The System 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 AGC Program Control

To efficiently coordinate the design of the AGC*Programs, as well as define
the astronaut and ground control procedures with respect to the PGNCS system, it
is necessary to define the operating inter-relationships between the PGNCS system,

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

In primary PGNCS control modes the AGC 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 control modes of the PGNCS the astro-
nauts and/or the ground must be capable of initiation or termination of AGC Programs.
These procedures must be thoroughly defined to design the AGC Program logic for
astronaut/ground participation.

4,1,1 AGC Program Initiation

4,1.1,1 AGC Programs

Due to the random time sequencing of many of the AGC tasks the design of
Programs which can be utilized at varied times and in varied circumstances 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/AGC communication procedures,

ground/AGC communication procedures and PGNCS and SCS Mode determination.,

A logical establishment of these Programs has been made, supplemented by
simpler routines not requiring identification as a Program., The Programs, their

associated routines and the crew interface are outlined in detail in Section 4.4,

Programs in process in the AGC are identified by the Program light on the
keyboard and display panels with two exceptions, P20 and P25, These Programs

may be in process at the same time as another Program whose number is displayed.

The AGC is programmed to initiate a Program only in response to the initia-
tion of a specific mission task and will continue the programmed sequence of com-

putations and displays for the specific task until Program completion or termination.

Programs are generally initiated by manual keyboard entry (astronaut) or by
AGC UPLINK command (ground). In certain cases Program initiation is automatically
done by the previous Program. The diagrams of Section 4.4 show Program selection
as it should occur normally,

4,1,1,2 Special AGC Routines

In addition to the AGC Programs there are many routines and subroutines not
specifically identified with a Program. The majority of these are automatically
performed in a particular computation or control sequence and involve no notifica-

tion to the "outside world' that they are in process. While they may occasionally

% AGC is an acronym for Apollo Guidance Computer, In the LM, this computer
is officially designated as the LGC (LM Guidance Computer),

4-2
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be referred to in this document their large number alone requires that detailed degs-

criptions be restricted to special AGC program documents,

Several special routines are described in detail herein because
of one or more of the following characteristics:

(a) The routine involves AGC communication with the astronaut.
(b) The routine is of importance in understanding the Programs.

(c) The routine involves significant sequences of AGC/ astronaut action

but could be performed while certain programs are in process,

These routines include those automatically called by the AGC as well as
those manually called, If the routine requires AGC/astronaut communication, it
will start with a particular display which acts as a key to the astronaut that the AGC
has automatically entered the routine,

4,1,2 AGC Program Termination

Normally there are two ways by which an AGC Program in process is
terminated:

1. At completion, the program in process will transfer control to the Final
Automatic Request Terminate routine (R 00),

2, Via a terminate response by the astronaut to an AGC-generated flashing

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

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

program as follows:
1. Select a new Program to operate via the DSKY,

2. Select a routine via the DSKY which has been specifically designed to

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

3. Select the FRESH START routine which essentialiy initializes the AGC,

4-3



4.2 AGC/Astronaut/Ground Communications

4,2,1 AGC/Ground Communications
The AGC/Ground Communications are via the AGC UPLINK and AGC DOWN -
LINK and are described in detail in Section 2 of this GSOP.

4,2,2 AGC/Astronaut Communications

The display and keyboard logic in the AGC processes information exchanged
between the AGC 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 déta; and displays of requests for operator action
required by the AGC,

(b). Loading of external data - the process of inserting data into the AGC 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 descrip-
tion of the DSKY,and the crew/DSKY operating procedures., They are included here-
in 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).

(a) UPLINK ACTY Light - is energized by the first character of a digital
UPLINK message received by the AGC, 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,

(b) NO ATT Light - is energized when the AGC is in operate mode and there
is no inertial reference; i, e. the ISS is off, caged, or in the coarse

align mode,

(c) STBY Light - is energized when the AGC is in standby mode and deener-

gized when the AGC is in operate mode.

(d) KEY REL LIGHT
(1) Energized when:
a) An internal display comes up while 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,)

(2) De-energized when:
a) Astronaut relinquishes DSKY by hitting KEY REL button,

b) Astronaut terminates his current sequence normally, eg.

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,

(3) Some special DSKY cases that may not be universally appreciated 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 1c above). Hitting the KEY REL
button will bring back (unsuspend) the monitor and extinguish
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 internal display.

b) Suppose 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 an ENTR, PRO
or VERB 34 ENTR (terminate),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,

(e) TEMP Light - the AGC receives a signal from the IMU when the stable

(f)

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,

GIMBAL LOCK Light - is energized when the middle gimbal angle exceeds
4+ 709 from its zero position. When the middle gimbal exceeds +85° from

its zero position the AGC automatically commands the coarse align mode

in the ISS to prevent gimbal oscillation, The NO ATT light will then be

energized (see (b) ).

4-5
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(h)

(i)

6}

(k)

(1

PROG Light - The program alarm actuates the PROG light on the DSKY.
A program alarm is generated under a variety of situations. Under pro-
gram control the AGC inhibits this alarm for 10 sec after system turn-on,

For further information see section 4.3.3.

TRACKER Light - when the rendezvous or landing radars are on, the
light is energized when:

(1) An RR CDU fine error greater than 1,0 vrms occurs,
(2) An RR CDU coarse error greater than 2,5 vrms occurs,
(3) The RR read counter limit cycles at a rate greater than 160 cps.

(4) An RR CDU analog to digital conversion fails (cos6 - ¢ ) is less
than 2 volts.,

(5) The RR CDU + 14 VDC supply decreases to 50% of nominal,

(6) When the RR Data Good Bar discrete occurs during an AGC data

read sequence,

(7) When an LR Altitude Data Good Bar discrete or LR Velocity Data

Good Bar discrete occurs during an AGC data read sequence.

OPR ERR Light - is energized when the DSKY operator performs an
improper sequence of key depressions., The light is de-energized by
pressing the RSET button,

COMP ACTY Light - is energized when the AGC is occupied with an
internal sequence, It is not an indicator of whether the operator may
use the DSKY or whether the AGC is not capable of handling further

computation,

RESTART Light - in the event of Restart during operate a latch is set
in the AGC which maintains the RESTART lamp on the DSKY until the
latch is manually reset by pressing the RSET button. For further detail
see section 4,3.3,

Display Panel - consists of 24 electroluminescent sections arranged as

in Fig, 4-1, page4-18, Each section is capable of displaying any 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 numerical
sections are grouped to form 3 data display registers, each of 5 numerical
characters; and 3 control display registers, each of 2 numerical
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 1/4

second,

=



(m) Keyboard - contains the following buttons:

VERB - pushing the button indicates that the next two numerical

characters keyed in 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,
O - 9 -numerical keys.

CLR - used during a data loading sequence to clear or blank the data dis-

play register (R1, R2, R3) being used. It allows the operator to reload
the data word.

PRO - this pushbutton performs two functions:

1. When the AGC is in a standby mode, pressing this button will
put the AGC in the operate mode, turn off the STBY light

(see(c)), and automatically select Program 00 in the AGC,

2. When the AGC is in the operate mode but Program 06 is not
selected, pressing the button will provide the proceed function,
Proceed directs the AGC to continue to the next programmed
event. In response to an AGC request it further indicates crew

compliance with the request,

2a, When the AGC is in the operate mode and Program 06 is
selected, pressing the button will put the AGC in the standby
mode and turn on the STBY light (see (c)).

ENTR - is used in three ways:
1. To direct the AGC to accept a data word just Esaded.

2. In response to a ''please perform' request (see section 4.2.2.7),

RSET - turns off alarm conditions ‘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 Verb and Noun codes. 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
AGC Program in process,

The standard procedure for a manual keyboard operation consists of a
sequence of 7 key depressions:

VERB V1 V2 NOUN N1 N2 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 in are interpreted as the Verb Code. Each of these characters is displayed
in the Verb lights on the display panel as it is punched 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 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 5 different Load Verbs. Verb 21 is



required tor loading the first component of whatever Noun is used thercwith;
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 5 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 light 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 may be turned off by keying in: PRO, VERB 34 ENTR (terminate),
by internal program initiation of the Keyboard and Display System Program, (if the
DSKY is not busy) or by a Fresh Start of the AGC,

Monitor action is suspended (but not ended) by the depression of any key,
except RSET., This turns on the KEY REI, 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 AGC Programs

and routines,

As outlined in the Mission Programs (section 4, 4) 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.
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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 the ""MARK" button
for an optics sighting,

AGC 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 AGC Program
or Routine is interrupted until the astronaut responds appropriately, then the Verb/
Noun flash is terminated 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,

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, or KEY 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 or noun, or when load-
ing a data word into R1, R2, or R3 which was preceded by a plus or minus sign.
(If this is violated, the OPR ERR light 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. In general, it is recommended that the operator release the Keyboard
and Display System for internal use when he has temporarily finished with it, This is
done by pressing the KEY REL button,
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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

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 AGC 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-characlter 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 light 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,
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If an:attempt is made to key in more than 5 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, For example: 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 R1, 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
Clearin'g'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 CLR is
punched before data ENTR, Once ENTR is depressed, CLR does nothing.

The only way to correct an error after the data ENTR for a single component Load
Verb is to begm the Load Verb agam.

7 For the 2-or 3- component Load Verbs, there is a backing-up feature of
CLR The first depression of the CLR buttons performs the Clearing Function on
whlchever register is be1ng loaded, (CLR may be pressed after any character,
but before its ENTR,) Consecutive depressions of CLR perform the Clearing Function
of the data display register above the current, one, and also changes the VERB light
to indicate the register being acted upon until R1 is cleared. Any attempt to back up
beyond R1 are s1mp1y 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

' request; the Verb-Noun is always

always required to the '"please perform'
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 R1, 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 AGC is pre-
pared to accept optical sighting data upon the pushing of the "MARK'" button., The
logic associated with the '"please mark'' function is completely described in Section 4.4.

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
causes 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)
a request for the new Program to be entered, and 3) the new Program Code to be
displayed in the Program display register,

4,2,2,11 Alarm Philosophy
The OPR ERR light is turned on when the astronaut performs some improper

sequence of key depressions,

4,2.2,12 Illegal 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 combination 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 Displéy 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),

(g) No Load Verb may be used with a noun restricted to be "no load", All
nouns having split MIN/SEC scale or 2 integers for any component are
"no load" for the entire noun.,

(h) An input code other than those which are defined is received from the’
~ keyboard. '

(i) The contents of the register used to determine which display panel f ‘
character is to be lighted has exceeded its limit. ‘

4,2,2,13 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 astronaut



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) The address keyed in for a "machine address to be specified" noun
must be octal.

(b) 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,
(c) Octal data must not be loaded into a '""decimal only'' noun,
(d) Decimal data must not be loaded into an "octal only' noun,

(e) Decimal data loaded must not numerically exceed the maximum permitted

by the scale factor associated with the appropriate component of the noun,
(f) Negative decimal data must not be loaded using the Y optics scale,
(g) All 3 words must be loaded for the Hours, Minutes, Seconds scale,

(h) When loading with the Hours, Minutes, Seconds scale, the minutes
' must not exceed 59; the seconds must not exceed 59,99; and the total

number must not exceed 745 hours, 39 minutes, 14,55 seconds.
(i) Two numerical characters must be supplied for the Program Code under V37,

4,2,2,14 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) 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 remainihg
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, -

(b) 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,
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(c) Certain program controlled cases (sec Section 4.4),

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

proper termination of the first.



LI-%

TABLE 4-1 Astronaut Response to DSKY Displays and

AGC Resultant Action.

DISPLAY OF INFORMATION

REQUEST FOR ASTRO ACTION

REQUEST FOR DATA LOAD

REQUEST FOR OPTICS MARK

Type of information identified
by V_ N _followed by up to
three available registers of
information, R1,R2, R3

Request identified by V99
(please enable engine on), V37
(please select program ) or
V50 (please perform checklist)
identifying a function to be per-
formed or a checklist, one
register Rl identifying function
on that checklist.

Request identified by V
and type of data by N .
Loaded data appears in
registers R1, R2, R3. At
completion key in "ENTR'".

Request identified by V52,
V53 or V54. At completion
of "MARKSs'" identify target
(final entry is "ENTR'')

AGC Awaiting AGC Not AGC alway Awaiting AGC Always Awaiting AGC Always Awaiting
ASTRO Awaiting ASTRO Response ASTRO Response ASTRO Response
Response ASTRO
ASTRONAUT |V _N V_N__ V50N__ Flashing V_N__ Flashing V52, V53, or V54 Flashing
RESPONSE Flashing Static
Key in "ENTR'| No AGC No AGC AGC assumes ASTRO did not | AGC takes loaded data, No AGC Action
Action Action comply, terminates flashing terminates flashing Verb-
Verb-Noun, and continues. Noun and continues,
Key in "PRO'" | AGC assumes No AGC AGC assumes ASTRO com- AGC gssumes no data avail-| No AGC Action
displayed data Action plied, terminates flashing able, terminates flashing
is correct, ter- Verb -Noun, and continues. Verb-Noun, and continues
minates flashing if possible.
Verb-Noun, and
continues.
Key in VERB | Varies with Varies with| Varies with program in Varies with program in Program in progress
34 ENTR (ter- | program in program in| process. process. is terminated.
minate) progress. progress.
Key in VERB AGC returns No AGC Incorrect Response. Incorrect No AGC Action
32 ENTR (re- ,to earlier point Action
cycle) in sequence.
Press '"MARK AGC reads time, ter-
X" button or minates flashing Verb-
"MARK Y" Noun if a suitable number
button of marks have been made

and continues.
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4.3 P GNCS Failure Monitor

The PGNCS performance and operational readiness are self-monitored and
caution and warning information are displayed to the crew. Two warning (red)
lamps are actuated by the PGNCS on the Caution/Warning Panel: AGC Warning
indicates computer failure; ISS warning indicates failure of the inertial subsystem,
Also a PGNCS Caution (amber)light is actuated to indicate non-critical problems in
the system. 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 AGC Warning

An AGC warning alarm is generated in the event of AGC power
failure, scaler failure of either of two types, restart or counter fail during
AGC 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 transient disturbances from

causing a warning alarm, In this subsection the various inputs and condi-
tions associated with AGC 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 0.625 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 any 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 in duration from 140 ms to 300 ms, Likewise the criter-
ion 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 TCF instructions are too infrequent. The criterion
for "too many' varies in duration from 5 ms to 15 ms, The
criterion for 'too infrequent'' varies in absence from 5ms to 15ms,

(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,
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(h)

(i)

)

(k)

V FAIL - Occurs if the AGC voltages (28, 14, 4)are out of limits.
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 AGC WARNING FILTER is generated simultaneously

with STRT1. The following criteria apply for V FAIL.:

4V Supply> 4.4V 14V Supply > 16V
4V Supply < 3.65 \'a 14V Supply < 12,5V
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 AGC into

a low power mode where only the scaler, timing signal, and a
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 AGC alarms are inhibited during the
Standby mode with the exception of AGC 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 at next time 12 following occur-
rence of any one or more of the following parametefs: RUPT
LOCK, TC TRAP, NIGHT WATCHMAN parity fail, and standby as
described above, .

RESTART occurs immediatély and forces time counter to 12

‘upon occurrence of OSCILLATOR FAIL, (See paragraph (1) below,)

RESTART causes the computer to transfer control to address

4000 as soon as it disappears, It sets a flip-flop which lights the

" RESTART CAUTION lamp in the DSKY,

The Flip-flop is reset either by the ALARM RESET hard-
wired signal or by the CAUTION RESET outbit CH11 B10,
ALARM TEST opér‘ates the lamp but not the flip-flop.
WARNING.FILTER - This circuit ié used to operate the AGC
WARNING oﬁtpuf follov.v‘ing repeated or prolonged occurrences
of any of certain 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 puIs\tas cause AGC WARNING to turn on for
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about 5 seconds., Non-consecutive stretched pulses may also
cause AGC 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 filter resumes its normal level with a time constant of many
seconds after the filter has received inputs. An immediate reset .
of the AGC FAIL due to a WARNING FILTER output is therefore
not possible,

(1) OSCILLATOR FAIL - Occurs if the oscillator stops. Has nominal
250-millisecond delay to keep signal present after the oscillator
starts. Also occurs when AGC is in STANDBY because of loss of
power to front end of circuit. This results in a 250-millisecond
delay in starting when AGC comes out of STANDBY into OPERATE,

and causes an 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 supply-decrease to 50% of normal voltage level
(5) 800 cps wheel supply - decrease to 50% of normal voltage level

These parameters are generated in the Inertial Subsystem, However,
the "FAIL'" signal itself is under AGC program control, It is ignored by the
AGC program when the G&N System 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
Pipa fail occurs if no pulses arrive from a PIPA during a 312,5-
sec period, or else if both plus and minus pulses occur, or if a
"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 'sig'nal is generated totally within the AGC and thus
is completely under AGC program control, Its generation is
enabled by the AGC only during AGC controlled translation or

_ thrusting maneuvers.
(c) ISS CDU FAIL (Monitored for each of 3 CDU's)
(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 (© - ¢) - below 2.0V
(5) +;4 VDC Supply - decrease to 50% of normal level

These parameters are generated in the Inertial Subsystem.
However, the "FAIL" signal itself is under AGC program control.
It is ignored by the AGC program when the G & N System is in the
CDU Zero Mode. 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)

(b)

(c)

(d) -

AGC Restart during Operation. In the event of Restart during operate
a latch is set in the AGC which maintains the PGNCS Caution alarm
and the RESTART lamp on the DSKY until the latch is reset by pro-
gram or until the latch is manually reset by ALARM RESET. For
further detail see section 4.3.4.

Temperature out of Limits. The AGC receives a signal from the IMU
when the stable member temperature is in the range 126. 3°F to134. 3°F.
In the absence of this signal, thé Caution alarm and the TEMP lamp on
the DSKY are actuated. o

Gimbal Lock. When the AGC determines that the middle gimbal angle
(MGA) of the IMU is greater than 700, 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.

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 LMC inhibits this

alarm for 10 sec after system turn-on. The program alarm actuates
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the Caution alarm and the Program lamp on the DSKY. For further

information see section 4.3.4.

(e) Trackér Alarm indicates one of five possible Rendezvous Radar CDU
failures. (see paragraph 4.2.2. (h) )

4.3.4 Restart and Program Alarms

When the Restart or Program Alarm lamps are illuminated on the
DSKY, either V05N09 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.

4,4 AGC Logic/Ground/Crew Interface Diagrams

These diagrams outlined the detailed logic of the inter-relationship
the AGC/Crew /Ground. For ease of correction and reproduction the dia-
grams have been incorporated on IBM cards and are presented as a com-

puter printout.
The diagrams contain the following:

1) Program Control - Indication of sequence interruptions and the

following display notation:
a) PRIO (Priority) - denotes a priority display

b) HOLD - denotes that the flashing 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
AGC.

d) POSS HOLD (Possible HOLD) - denotes that the display is a
possible path taken by the AGC.

e) MON (Monitor) - denotes that the displayed data is auto-
matically updated and displayed by the AGC.

f) SNAP - denotes that the displayed data is not automatically
updated (monitored) by the AGC.

2) AGC The sequence logic and interface relationships of the
2} Graund AGC logic, ground operations and crew activities.
4) Crew
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5) A line count is provided on the far right hand side of the page,

The reproductions of IBM printrouts in Section 4.4 is deliberately
not paginated. Reference to the material on these pages is accomplished

by using title and line numbers,
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PURPISE:

APDLLO COMPUTER LBGIC THECKLIST IMTEIFACF

LGC IDLING PROGRAM (FOD) Losiz REV 06 04/16/58

(1) TQ PIDVINE A PRIHGRAM TO FJLFILL THE FILL3AING REJJIREMENTS:

(A) PRIVINE AN INDICATICN TO THE CREW THAT THZ L53C IS ENGAGED IN NO CONTROL OR COMPUTATIONAL 3JPERATIONS WHICH
MI5HT REONJIRE CONSIDERATICN =32 COJDINATIIN WITH JTHER CREW TASKS IN PRIGRESS.

(F) AAINTAIN THE LGC IN A CONDITION 3F RREADINESS FI2 ENTRY INT3 ANY OTHER PROGRAM,

ASSUMPTIONS: (1) THE LG IS NN,

++
+06
++

PRJG
CUONT

(2) THE IMJ MAY R MAY NOT BRE ON. IF ON THE IvJ IS INSRTIALLY STABILIZED BUT NOT NECESSARILY ALIGNED TO AN
CRIFNTATI2N WHICH TS KNOWN TO THF LGZ. 7

{3) THE DAP IS AVAILABLE F3R MANUALLY CONTRI__£D ATTITJDE MANEUVERS IF THE IMU IS ON. IF ATTITJDE MANEUVERS ARE MADE
BY THE CRREW CARF MUST 8E TAKEN TO AV3ID IMJ GIMBAL LDCK RY DBSERVING THE ICDUS {V16 N20) 2R BY MONITORING THE FDAIL
BALL (THE BALL REPFEATS IMU GIMBAL ANGLES ONLY AH4EN PGNIS IS SFLECTED).

{4) DJYRING THIS PRAGRAM THE L5C ERASABLE STIRASE MAY 3= INITIALIZED BY KEYING IN V36F (FRESH START). THIS WIULD BE
"DONE JONLY AHEN THE CINTENT OF THE LGC ERASA3LE ST3RAGE IS IN QJUFSTION. IF THIS ENTRY IS PERFIRMED THE LGC KNOWLEDSE OF
THE PRESENT IMU NMRIENTATION {REFSMMAT) IS INVALIDATED.

(5) DURING THIS PIGRAM THE COASTING INTEGRATIOIN RIUTINE WILL JPDATE THE LM AND CSM STATE VECTORS TO APPROXIMATELY THE
CURRENT TIME AS DESCRIBED IN SECTION 5.6.11 JF 2557,

(6) STATE VECTOR INTEGRATION IS INHIBITED FOR 10 MINJTES FOLLIWING VO96E. JSEAGE OF V36 CAN CAUSE INCORRECT W MATRIX
EXTRAPOLATION SINCE STATE VECTOR SYNCHRONIZATIJIN IS NJT MAINTAINED.

{7) THE PRIGRAM TS MANUALLY SELECTED BY THE ASTRINAUT BY DSKY ENTRY,

LGC GROUND CREA CHECKLIST TIME TOTAL
TIME

« -REA PR1G
« SELETZTIIN

START LGC IDLING cecsss ssvesssnessces KEY IN LG IDLING
PRAGRAM (PCD) . PROGRAY (20D) #10
DNISPLAY PROGAM 0O V3TE J92F

. POO/SUNDANCE
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37

PURPISE:

APOLLD COMPUTER LJO5IZ ZAHECKLIST INTERFACZF

LGC PAWER DNWN PROGRAM (P06) LOGIC REV 09 05/13/68

(1) TGO TRANSFER THF LGC FROM THE OPERATE TJ.THE STANDRY JINDITION.

ASSUMPTIONS: (1) THE NTRYMAL CONDITION OF READINESS OF THE P5NCS WAFN NOT IN USE IS STANDBY. IN THIS CONDITION THFE IMU STANDBY

PRNG
CONT

CIRCUIT 3REAKER IS 0N, THF IMJ OPERATE CIRCUIT 3RZAKER IS JFF, THE LGC/DSKY CIRCUIT BREAKER IS IN AND THE STANDBY
LIGHT ON THE DSKY IS ON. IN THIS CINSIGURATI3N 30TH THF IMJ AND LGC ARE OFF WITH POWER ONLY APPLIED T] THE IMU HEAT.
CONTRCL ZIRCUITRY AND THE LGC TIMING CIRCUITRY.

(2) A PISSIBLE CONDITIDN JF READINESS OF THE PGNIS #HEN NOT COMPLFTELY ON IS THE SAME AS STANDBY (1) ABOVE, EXCEPT
THAT THE STANDBY LIGSHT ON THE DSKY IS 3FF. IN THIS IZ3N-IGURATIJIN THE LGC IS RUNNING FOR CIMPUTATIJNAL PURPOSES THAT
DO NOT RzZQUIRE THE IMU,

(3) IF THE COMPUTER PIWFR IS SWITZHED DOFF IT WILL BE NFCESSARY TO PERFORM A COMPUTER FRESH START (V36E) TO
INITIALIZE THE ERASABLE STORAGE. THE LGC JPDATE PRIGRAM (P27) A0ULD HAVE T) BE DONE T3 UPIATE THE LM AND CSM STATE
VECTORS AND COMPUTER CLOCK TIME.

(4) THE LGC 1S CAPABLE OF MAINTAINING AN ACCJRATFE VALUZ OF GRDIJIND ELAPSED TIME (GET) FOR ONLY 23 HRS WHEN IN THE

STANDBY MJDE. IF THE LGC IS NOT BRIUGHT JUT JF THE STANDBY CONDITION T3 THE RUNNING CINDITION (SEE (2) ABOVE) AT LEAST

GNCE WITHIN 23 HOURS THE LGC VALUE OF GET MUST BE UPDATED.

(5) ONCE THE PROGRAM HAS BEEN SELECTED THE L3C MUST BRE SHUTDOWN. AFTER P05 SELECTION THE LGC WAILL NOY HONDOR A NEW
PROGRAM JFQJEST (VITE--E), A TERMINATE {V34F) 1 AN ENTER IN RESPINSE T3 THE LGC REQUEST FOR LGC STANDBY.

(6) THE PRIGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY,

LGC GRNUND CREA - CHECKLIST TIME TOTAL
TIME

« CREAN PRIG
e SELEZTION

START LGC KEY IN L3Z PIWER

POWMER DOWN . DOWN PIGRAM (PD5)

PRIGRAM (PN5) B e V3TE 0SE

NISPLAY PROGRAM 06 . e : : £10

e o o o o o o o

P06/SUNDANCE
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39

RESET RENDEZVIUS
FLAG

FLASH VER3-NJUN TGO .
REQUEST PLEASE PUT ;
LGC IN STAND3Y: .o
V50 N25 .
R1-00062 .
R 2-BLANK .
R 3—BL ANK .
WAIT FOR KEY30ARD we
ENTRY a

cssese000cs0000000s

. PD6/SUNDANCE

MONTTOR 3SKY:
IARSERYE FIS2LAY
OF PRNOGRAM 25

. #20
. #30
. #60

MONITOR DSKY:

OBSERVE VER3-N3J\N

FLASHING TD REQUEST

PLEASE PJT LG5C 1IN

STANDBY: #50

CEY IN PRIZEED
(STANDBY) BUTTIN #60

PO6/SUNDANCE



Z7

TERMINATE FLASH 1JPON
RECEIPT OF STANDBY

ENTRY
« STANDERY «ENTER
« ENTRY . 0OR
«{PROCFED) TERM-
. « INATE

EXIT PO5

CHANGE CONTRIOL NOTES
LOGIC REV 08 PCN MIT - 65
LOGIC REV 09 PCN-MIT - 139

P06/SUNDANCE

#70

#80

£#30
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PURPOSE:

ASSUMPTICONS:

APQLLE CONPUTER LNGIC CHECKLIST INTERFACF

RENLCEZVCUS NAVIGATICN PRNOCRAM (P20) LBGIC REV 14 D1/1L7/69

(1) TC CCNTROL THE L™ ATTITUDE ANT THE RENCEZVCUS RADAR(RR) Tf ACQUIRE AND TRACK THF CSM WITH THE RR WHILF THE LM
IS IN FLIGHT,

(2) TO UPDATE EITHER THE LM QR CSM STATE VECTOR (AS SPECIFIED BY THE ASTRONAUT BY DSKY ENTRY) ON THE BASIS OF RR
TRACKING DATA,

(3) 7O POINT THE LM CPTICAL BEACON AT THE CSM,
(4) TO TRACK THE CSVM WITHCUT UPCATING EITHFR VEHICLE STATE VECTOR.

(1) THE ISS MAY EE IN STARCEY CR CPERATE. THE IMU WOULD NORMALLY BRE ON AND THE IMU DRIENTATION DETERMINATICN
PROGRAM (P51) CCMPLETEN BEFORE THF SELECTION OF THIS PROGRAM, NO PREFEPRED ORIFNTATINN IS SPECIFIED OR REQUIRED FOR
THIS PRCGRAM AS THE ATTITUNDE MANEUVER RCUTINE (R60) CAN ALWAYS CALCULATE A VEHICLE NRIENTATION ABOUT A SPECIFIED +Z
LM VECTCR (RR LOS) THAT CAN AVOILC GIMBAL LOCK FCP ANY INERPTIAL IMU CRIENTATION.

THE ISS THUS MAY BRE:

(A) CFF (STANCBY).
(B) CN, ANC NCT ALICNEC SINCE TURN ON.

(C) ON AND AT AN INERTIAL ORIENTATICN KNCOWN ONLY INACCURATELY BY THE LGC, l.F. HAVING BEEN ALIGNED AT
LEAST CNCE SINCE TURN CN BUT HAVING DRIFTED FROM THE STORED ALIGNMENT,

{D) CN ANC AT AN INFRTIAL ORIENTATION KNCWN ACCURATELY BY THE LGC.

IF (A) IS TRUE A PRCGRAM ALARM WILL BE MADE BY THIS PROGRAM,

IF (B) IS TRUE A PROGRAM ALARM wILL BE MADE BY THIS PROGRAM,

IF (C) IS TRUE THE LGC MAY OR MAY NOT HAVE A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM,
IF (D) IS TRUE THE LGC HAS A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PRNGRAM,

(2) THE CSM TS MAINTAINING A PREFERRED TRACKING ATTITUDE FCR RR TRACKING BY THE LM, THIS PREFERRED ATTITUDE CORRECTLY
ORIENTS THE CSM RACAR TRANSPCNDER,

(3) AT THE BEGINNING OF THE PROGRAM THE STATE VECTOR UPDATE CPTION IS AUTOMATICALLY SET TO THE LM, THIS CPTION MAY BE
CHANGED AT ANY TIME LATER 8Y CNE OF THE FOLLOWING MANUAL ENTRIES;

VROE LPCATE LM STATE VECTCR

V81F UPDATE CSM STATE VECTOR

VG5E NO STATE VECTCR UPDATE

(4) THE PENDEZVCUS RACAR IS ON, PRELIMINARY CHECKOUT HAS BEEN COMPLETFC AND THE RADAR TS UNDER PGNCS CONTROL.

(5) THE OPERATICN GCF THE PRCGRANM INCLUCEFS THE FCLLCWING FLAGS:

RENDEZVCJS FLAG- CONTRCLS THE PERNMANENT TERMINATICN OF THF TOTAL RENDEZVOUS NAVIGATION PROCESSe. THIS PROGRAM
WILL ONLY RUN QR RESUME RUNNING WHEN THIS FLAG IS SET. SET BY P20 SELECTION, RESET BY SELECTION OF LGC
IDLING PRCGRAM (P(Q) CR 3Y V5&F.

TRACK FLAG— CCNTRCLS THF TEMPORARY TERMINATICN NF THF TOTAL RENPEZVOUS NAVIGATION PPOCESS. RESET OF THIS
FLAG INT=PRUPTS THE AUTOMATIC ATTITUDE MANFUVER/RALAR DESIGNATE/TRACK PRAOCESS, AS WFLL AS THF STATE VFECTOR
UPDATE PRCCESS. THE SET F THIS FLAG ENARLES ALL THESE PPOCFSSES.

P20/ SUNDANCF




++
+14
+658
+14
+4

(42)

P20/ SUNDANCE

UPCATE FLAC— CONTRCLS THE TEMPORARY TERMINATION OF THE STATE VECTOR UPDATE P2QCESS ONLY.
STATE VECTCR FLAGS (L¥ AND CSM) — DEFINFS THE STATE VECTNR-TQ RE UPDATED BY THIS PROGRAM, SEE ASSUMPTION(3),

MANUAL ACQUIRE FLAG — RYPASSES RR DESICGNATE ROUTINE (R21) TF CSM HAD BFEN ACQUIRED BY MANUAL ACQUISITION
RCUTINE (R23),

SEARCH FLAG - BYPASSES RR DESIGNATE ROUTINE (R21) IF CSM KAD BFEN ACQUIRED BY RR SEARCH ROUTINE (R24),
NO UPCATE FLAG — WHFN SET TERMINATFES STATE VECTOR UPDATING. SET RY V84F SELFCTION OF TARGET DELTA V
ROUTINE (R32) OR BY KEYING IN V9S5E. RESET BY KEYING IN VBOE (UPDATE LM STATE VECTOR) OR VBLlE (UPDATE CSM
STATE VECTCR).
SURFACE NAVIGATION FLAGC - SET BY SELECTION OF P22, RFSFT BY SELECTION OF P20,

(6) THE INITIALIZATICN OF THE & MATRIX (SEE SECTICN 5.2.4.2 CF R557) IS ENABLEC BY:
(A) A MANULAL CSKY ENTRY (V93E).
(B) COMPUTER FRESE START (V36E).

(C) STATE VECTOR UPCATE FRCM THE GRCUND (P27).

{7) THE RR TRACKING MARK CCOUNTER COUNTS THE NUMBER OF RR MARKS PROCESSED BY THE LGC. THIS COUNTER IS ZEROED BY:

(A) MANUAL SELECTIGN CF P20 (V37E20E).

(8) COMPLETICN CF THE TARGET DELTA V RCUTINE (R32).

(C) SELECTICN OF A NEw PRCGRAM FRCM A PRCCRAM WHICH HAD TURNEC ON AVERAGE 6.
(D) INITIALIZATICN OF THE W MATRIX (SEE (&) ABOVE).

(8) THE CREW MAY MANUALLY ADJUST THE LGC-STORED VALUFS CF RR SHAFT AND TRUNNION BIAS BY A DIRECT LOAD OF FOUR
REGISTERS TO BE SPECIFIED. HOWEVER, UNLESS THE RR HAS BEEN JARRFED, THF LGC BIAS ESTIMATE SHOULD BE MORE ACCURATE
THAN THAT FROM ANCTHER SCURCFE,.

(9) THIS PROGRAM IS SELECTEC BY THE ASTRONAUT BY DSKY ENTRY. IT MAY BE TERMINATED BY THE SELECTION OF THE LGC

ICL ING PRQOGRAM {(PO0O), TERMINATICN OF RR SEARCF RCUTINE (R24), VS56E CR BY A V34E RESPONSE TQ A& FLASHING P20 DISPLAY,
POO SELFCTION WILL TERMINATE P2C AND ANY OTHER PROGRAM IN PROCESS AND ESTABLISH P00. ALL OTHER PRCGRAMS SELECTED WILL
CHANGE THE PROGRAM NUMRBRER CISPLAYEC ON THE DSKY BUT WILL NOT TERMINATE P20. THIS PROGRAM IS THERFEFGRE DESIGNED TO
OPERATE AUTOMATICALLY AND SIMULTANEQUSLY WITH ANCTHER PROGRAM WITHOUT REQUIRING USE OF THE NSKY UNLESS NON-NOMINAL
CIRCUMSTANCES RECUIRE LEC CCMMUNICATION WITH THE ASTRONAUT. IF V56 CR V34 TS KEYED INTO THE DSKY AND P20 IS THE ONLY
PROGRAM IN PROCFSS, THE FINAL AUTOVATIC REQUEST TERMINATE ROUTINF (ROO) WTLL BF INITIATED.
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PRCC LGe
CONT

START RENDEZVOUS
NAVIGATICN FRCGRAM
(P20).

DISPLAY P20

RESET SURFACE
NAVIGATION FLAG.

(NCTE: FRCM THIS
PCINT CN THE LGC
LCGIC CESCRIBES BOTH
THE RENCEZVCUS NAVI-
GATICN FRCGRAM (P20)
ANC THE LUNAR SUR-
FACE NAVIGATION PRC-
GRAM (FP22). CNLY
THAT LCCIC ASSCCIA-
TED WITE P2C IS PER-
TINENT HFRE HOW-
EVER).

GRCUND

°
@00 0c0c00c0e000000000

°
@oeeseseccvss00 000000

CRFW CHECKLTIST

«CREW
« PRCGRAM
«SELECTION

KEY IN RENDEZVOUS
NAVIGATICN PRCGRAM
(P20)

V37TE20E

MCNITOR DSKY:
OBSERVE DISPLAY
0F P20

(NOTE: ALL LCGIC IN
THE CREW COLUMN IS
ONLY THAT ASSCCIATED
WITH THE RENDEZVOUS
NAVIGATICN PRCGRAM
(P20)).

e o ® 5 o o 06 0 © 0 0 0 © 0 © e o
o

TIME

P20/SUNDANCE

TOTAL
TIME

#10

#20

#30

-#40

#50
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RCUTINE (RO2) . .

SET TRACK FLAG

SET UPCATE FLAG

RESET MANUAL ACCUIRE
FLAG

ZERD RR TRACKING
MARK CCUNTER

RESET NC ANCLE
MCNITOR FLAC.
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P20/ SUNDANCE
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IS SURFACE NAVIGA-
TICN FLAG SFT?

oN oY

« SET STATE VECTCR
e UPCATE CFTICON TC
« CSM,

SET STATE VECTCR .
UPCATE CPTICN TC

LM, .

INTEGRATE BCTH PER-
MANENT STATE VEC-
TCRS TC PRESENT

TIME USING PRECISICN
INTEGRATICN,

wAN
ENTER
HERE
FRCM
RR
SEARCH
ROUT-
INE
(R24),
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P20/ SUNDANCF
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#140
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++ KEPLER (CCNIC) . . #160
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e ' . A
. . e ENTER HERE
. . e« FRCM RR
. e SEARCH
CALCULATE LCS VECTCR . « ROUTINE
FROM LM TC CSM. IS . « (R24)
RANGE CREATER TEAN . . .
400 NM? . . ° #170
N Yo . seccce o .
POSS . . . . o o .
PRIO @ I i o . oo e
HOLD . o FLASE VERB-NCUN seccccccccscccccseccee MONITOR DSKY:
scececsess o REQUEST RESPONSE oo DOES ALARM CODE
SNAP o AND CISPLAY ALARM , o DISPLAY 00526 INDIC-
« CODE. . « ATE THAT RANGE TO #180
o VC5NO9 . « CSM IS GREATER THAN
. R1-0052¢ . e 400 NN?
. R2=XXXXX ° B e
. R3=-XXXXX . . Y oN
. . . « DO I WISH TO .
. . . « WAIT UNTIL o
. . B « RANGE TC CSM IS . #190
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. . o e 400 NM? .
® ° e e .Y .N.
. e ° ] e e e °
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WAIT FOR KEYECARC

ENTRY

TERMINATE FLASE
UPON RECEIPT OF
RECYCLE CR VS6E

EXIT P20
(NOTE: IF NO
CTHER PRCGRAM
IS IN FRCCESS
EXIT WILL BE
TC LGC ICLING
PROGRANM(FOO).

ﬂg'l
ENTFR FERE
FRCM RR
CATA REANC
RCUTINE
(R22), CR
FRCM RR
CFSICGNATE
RCUTINE
(R21).

°

o o o o © o o o & ® |
e 8 o o 0o o o 6 o o !

sscecescesesesseses KFY IN RECYCLE.

@eco0so0cevs 0000000000

(V32E) .

TEPMINATE P20 BY
V56E. LGC WILL
DISPLAY ANY
OTHER PRCGRAM

IN PROCESS. IF
NC CTHER PRO-

‘GRAM IS IN PRC-

CESS LGC WILL
EXIT TO AND DIS-
PLAY PQO0.

EXIT P2C

P20/SUNDANCE
#220
#230
#240
#250
#260
P20/ SUNDANCE
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. ww .
. ENTER KERE o
° FROM R R .
. CATA RFAD o
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0 0000000000000 00000

°
N
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E
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“C”
ENTER
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FRCM RR
DATA
RFAD
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(R22).

P20/ SUNDANCE

P20/ SUNDANCE

#270

#280

#290

#300

#310

#320



“9)

POSS
PRIO
HOLD .

SNAP .

@ o e o o o 0o o ¢

o o o

© © o o © ¢ 06 © o © © o © o o © © © © © © © @ © © © © 0 © © © O O ©° © 6 O O O € e © o0 © © &6 6 6 © © o ° °

IS P20 TKF CALY
PROGRANM RUNNING?

FLASH VERSB-NCUN
TQ REQLEST RES-
PCNSE AZND CIS-
PLAY ALARM CCTE
INCICATING IM-
PRCPER REMOVAL
CF RR FRCM AUTOC
MCDE.
VOSNCS

R1 00514

R2 XXXXX

PR3 XXXXX

WAIT FCR KEY-
BRCARL ENTRY
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COES VERB-NCUN
FLASH TC REQUFST

RESPONSE AND CISPLAY

ALARM CCDE 00514

INDICATING THE R®
HAS BEEN IMPRCPERLY
‘SWITCHED CUT CF AUTOD

MODE?

DC I WISH TO
RESELECT RR

AUTO MODE AND
CONTINUE WITH
AUTOMATIC P20

OPERATICN?

Y Ne
SWITCH TO .
RP AUTD .
KEY IN .
PPOCFED .
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° .R
e .N
e ol
e N
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® .T
o .E
oEXIT
«P20/P22

TERMINATE FLASH
UFCN RECEIPT
OF PROCEEC OR

FLASH VERB-NCUN
TO REQUEST PLEASE
PERFCRM SELEC-
TICN CF RR AUTC

MCDE :

V50N25

R1-00201
R2-BLANK
R3-BLANK
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MINATE
(V34E)
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EXIT
P20/P22

MONITOR DSKY:

IS VERB-NCUN
FLASHING TO REQUEST
SELECTION CF RR AUTO
MCDE?

(NOTE: (1) THE MAN-
UAL ACCUISITICN
ROUTINE (R23) MAY
CNLY BE CALLED FRQOM
THIS DISPLAY (EN-
TER). THIS DISPLAY
IS NCT CALLEC IF
THE RR MCDE SWITCH
1S IM LGCe THERE~
FORE IF R23 .1IS DES-
TRED THE RR MODE
SWITCH MUST BE CUT
OF THE LGC PCSITICN
BEFORE THE LGC PRO-
GRAM CHECKS THE
AUTO MCDE DISCRETE.
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(?) THE °p
MUST RE IN THE
AUTD MCDE (LCC
POSITION) FOP AUTO-
MATIC P20 CPERAT-
ION.

(3) WHENEVER
THE PR AUTC MODE
DISCRETE IS PRESENT
THE LGC WILL CAtL
THE RP MCNITCR POU-
TINE (R25) AS DES-
CRIBED IN SECTION
5¢2¢4e3 CF RS557).
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°
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e SWITCH TC . .
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. . EXILT
° . P2G/22
e IS TRACK FLAEC .
e SET? .
o N N e e .
e oY Ne °
. . WATT 15
. . SEC. .
° e e °
e e eec oo
e ®
e e
° °
° ®
° e
. DC RR DESIG_ @c 00000000090 000800000
° NATE ROUTINE B .
B (rR21)
P e ——
° e

WAIT 2.5 SEC.

DO RR CATA READ
RCUTINE (R22)

@ © o o o o © © o o

evseevcescoesscsc0 0

“D“ : :
ENTER . .
HERE . .
FRCM RR o .
DATA . .
RFAD . .
ROUTINE & .
(R22)e & .
MONITOR THE VEHICLE
ATTITUDE AND THE
DSKY. ’

THE ATTITUDE

MANEUVER/RR CESIG-
NATE/RR TRACK/RR
MARK/STATE VECTOR
UPDATE PROCESS IS
NCW AUTCMATIC.

THE LGC WILL CNLY
CCMMUNICATF WITH THE
ASTRONAUT NUR ING
THIS PROGRAM:

(1) &
ENTRY
IS MA

HEN A DSKY
OF V16N4SF
DE TO RE=

QUEST A DISPLAY
CF THE NUMBER OF

MARKS
DTSPL
TAIN
THIS
ALSO
DBTAT
FROM

(M)e THIS
AY WILL CON-
M IN Rl.
DISPLAY MAY
BF USED TO
N THE TIME
IGNITION FCR
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THE NEXT BURN
(R2-TFI) AND THE
MIDDLE GIMBAL
ANCLE WHEN THE
IMy IS CN AND THFE
+X LM AXIS IS
ALIGNED WITH THE
INTITIAL THRUST
VECTCR (R3-MGA),
IF NG BURN HAS
BFEN DEFINED R2
ANC P3 WILL BE
MEANINGLESS.
CONTRCL CF THE
DSKY DISPLAY IS
RETURNEDR TC THE
LGC BY PUSFING
KEY PELFASE.

(2) WHEN THE DATA
GOCD CISCRETE
LAPSES DURING THE
DATA READ ROUTINE
(R22)y, A TRACKER
FAIL ALARM AND A
PRCGRAM AL ARM RE-
SULT. NO DISPLAY
INTERRUPTICN 0CC-
UPSe. AN ALARM °
CODE (00521) IS
STORED WHICH MAY
BE IDENTIFIED BY
VOS5 NCSe.

(3) WHEN THE RR
AUTC MCDE PRIS-
CRETE IS NCT PRE-
SENT IMMECTATELY
PRIDOR 7O RR DES-
IGNATICN THE LGC
GRARS THE CISPLAY
ANC REQUESTS THIS
DISCRETF.

(4) WHEN THE PR
AUTC MODRE DIS-
CRETE IS NCT PRE-
SFNT IMMECIATELY
PRICR TC A DATA
READ SECUENCE
DURING THE DATA
READ RCUTINE
(P22) THE LGC
GRABS THE CISPLAY
AND REQUESTS THIS

) © 8 © o o © @ © @ © O © o © © 6 © o © © o @ o © © O © © 6 o 0 O © © o 6 o © o o 6 & 6 © o O O © O O o o O © 6 & o °o O o6 6 o e @
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DISCRETE.

(5) WHEN TFHE LGC
DETERMINES THAT
THF ACTUAL RR L(CS
CIFFERS FRCM THF
LGC CALCULATED
LOS BY MORE THAN
3 DEGREES AFTER

A CATA READ SE- -
QUENCE THE LGC
GRABS THE CISPLAY
AND DISPLAYS AN
ALARM CCDE
(0C525).

(6) WHENEVER AN
ATTITUDE MANFUVER
TO THE PREFERRED
ATTITUDE IS RE-
QUIRED THE LGC
GRABS THE DISPLAY
AND DISPLAYS THE
FINAL BALL ANGLES
(N18) (SEE ATTI-
TUCE MANEUVER
ROUTINE Ré6C).

{7) WHEN THE LGC
FAILS TO RECEIVE
THE DATA GCOD
DISCRETE FROM THE
THE RR WITEIN
APPROXIMATELY 45
SECONDS OF THE
INITIATICON OF A
DESIGNATE SE-
QUENCE THE LGC
GRABS THE CISPLAY
ANC DISPLAYS AN
ALARM CODE
(00503).

(8) WHEN TFE
MAGNITUDE CF A
STATE VECTCR CCR-
RECTICN IS GREAT-
ER THAN THE ALLC-
WABLE LIMITS (AS
DEFINED IN SEC-
TION 5.20402.2 0OF
R557) THE LGC
GRABS THE DISPLAY
ANC DISPLAYS THF
EXCFESSIVE UPDATE

P20/ SUNDANCE
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#740

#750



i

WAIT FCR KEYBCARC
ENTRY,

RESPCND TO V56E CR

V27EQCE
IMMEDIATELY.

RESET TFE
PENDEZVCUS,
SLRFACE
NAVICATICN,
TPACK, AN[
UFCATF FLAGS.

o ovecoc0ec000000000000 00

PARAMETE

DC I CESIRE
TERMINATE P

RS.

TC
20?

©eocecesvsecoe

DC I DESIRE

SFLECT LGC IDLING

PROGRAM (PO

SELECT LG6C
ICLING PRC-
GRAM (POC).
KEY IN
V37EQQE

secoeon

e 6 o © o o @ & o @ © 6 4 © 0 6 O © © ©° & 0 ° o v O @

TC

0)?

KEY IN

V5EE
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IS P20/P22 THE
ONLY FRCGRAN

I'S P20 THE GNLY
PROGRAM RUNNING?

RUNNING? ) Pt
———————————————— . . o N Yo

oY Ne B . . s

. . . « EXIT P20 .

. EXIT o . .

. p2c/pP22 . . .
DC FINAL AUTCMATIC 00 FINAL AUTCMATIC
REQUEST TERMINATE REQUEST TERMINATE
RCUTINE (RCC). RCUTINE (RCO).
(NCTE: ENTRY INTC (NOTE: ENTRY INTO
ROO CIFFERS FOR CREW RO0O DIFFERS FCR CREW
PRCGRAM SELECTICA PROGRAM SELECTION
AND LGC RCUTINE AND LGC ROUTINE
SELECTIGN). SELECTION).

EXIT P20/P22 EXIT P20

CHANGE CCANTRCL NCTES

LOGIC REV 12 PCN MIT - 65
LOGIC REV 12 PCN - MIT - ©5 + PCN MIT - 110, PCR 97,1
LOGIC REV 14 PCN &58, ECITCRIAL COPRECTIONS
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APOLLO COMPUTER LIGIC THFLZKLIST INTERFACE

GRAUMD TARAZK IETFRIWINATION PRAOGRAM

PURPUSE:

(P21)

LOGIT REV 99 11727767

TO PRAIVINE TAHL ASTRINAUT NETAILS OF HIS GROUND TRACK WITHOUT THE NEED FOR GROUND COMMJUNICATION.

ASSUMPTIONS: (1) THIS PROGRAM AV BE SELECTED WHILE THE L™ IS SITHFR IN FARTH 2R LUNAR ORBIT T3 DEFINE THE GROUND TRACK OF EITHER
THE L¥ OR THZ CSM.
{2) THIS PRAOGRAM ASSYMES THE VEHICLE AHOSE GIJND T27T< PARAVMETERS ARRE CALZULATED T) REMAIN IN FREE FALL FROM THE
PRESENT TIMF UNTIL T LAT LONG.
(3) THE PROGRAM 1S SELECTED BY THF ASTRONAUT BY DSKY ENTRY.
PPDG LGC GRJIUND CREW CHECKLIST TIME TOTAL
CONT TIME
«SREA
«PRJIGRAM
«SELECTION
START GROUND TACK . KEY IN GRIUND TRAZK
DETEPMINATION ccessceascesscsssnsse DETERMINATIIN
PRIGRAM (P21). . PROGRAM (P21) #10
DISPLAY PROGRAM 21 V3TE21E
. MONITIR DJSKyY:
csecscssssccssacssss B3SERVE DISPLAY OF
. PRNGRAM 21
———————————————————————————————————————— #20
. . . . . . P21/SUNDANCE
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HOLD

62

e e

TERATRATE 1] A5 pags
RESFIoT oF 23mgesp
UR NFS DATA,

a P o N
o R «MATA
<1 .

o .

«E  meEmsseess
wE STARE DATA
R - T

EXTRAPILATE STATE
VECTOR DF SFLECTED
VEHICLE TN T LAT
LONGe CALZULATF
LATITUDEy LONGTITUDE
AND AL TITURL @F
VERICLE AT T LAT
LONG.

FLASH VERA-NIJM TN
REQUEST RESPINSE AND
NDISPLAY LATITINE,
LUNGITUDE AND
ALTTITUDE?

VOE N42

RI~4AT

R 2=LANG

23-ALT

LAT-LATITIRE NF
VEHICLE. + IS NIRTH.
IN DFGREES T) VEAP-
EST .01 DFGRIE.

LONG-LONGITUDE OF
VEHICLE. #* IS EAST,
IN DEGRFES: T} MEAR-
FST .01 DFGRFE.

csecssscssssscscsseasscoscsass <PV

ssscse0eccccenecse se

IN vPET
- AP 1 7A)

" PSR T

. LAT LON3

MONITOR DSKY:
0RBSFRVE VERBR-NIJN
FLASH T3 REQUEST RE=
SPONSE aND JISPLAY
OF LATITJUNE, LINGI-
TUDE AND ALYITJDE,

221/SUNDANCE

P21/SUNDANCE
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#150
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#170

#180
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+09

s e e

ALT-ALTITUDE 7F
VESICLE ABRVE THE
LAUNCH PAD RANDIUS
(EARTH GRAIT) IR
THE LUNAR RADIUS AT
THE MOST RECCNTLY
PEFIMFD {SEE SECTLOM
5 9F R557) LANDING
STTE (LUNAR JRRIT).
IN NAUTICAL MILES
TO NEAREST .1 \M.

WAIT FOR KEYBODARD
FNTRY

TERMINATE FLASH UPIM
RFCEI2T DF PRIOIFED
OR RECYLLE

«R P
oE «R
o£ «0
oY .C
«C oF
.L sk
e o0

e ® & 6 o o o 8

e % % & 4 8 & o o

90 T WISH T2 J3TAIN
NEd PARAMETERS FIR
A T LAT LONG 10
MINUTES =20M NJW 2R
ANY OTHER TIMF THaN
THAT WHIZH APPLIES
T) PRESENT DISPLAY?

«N oY
JHEN FINISHED .
AITH DISPLAY .
KEY IN N
- PROCEED .

« WHFN FINISHED
« NITH NISPLAY KEY
« INCRECYILE V32E

e © 8 © o ® e e s o 6 © 4 e 8 v 6 & ° & & 6 © 8 O & © o O @
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#220
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INCREMENT T LAT .
LONG 8Y 12 .
MINUTES .

DD FINAL AUTIMATIC
REQUFST TERMINATE
ROUTINE (R00)

EXIT 221

DO FINAL AUTOMATIC
REQUEST TERMINATE
ROJTINF (R0D)

EXTT P21

P21/SUNDANCE
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PURPJSE:

ASSUMPTIONS ¢

++
+11

APBLLD COMPUTER L3IGIC CHECKLIST IMTERFACE

PREFEPRPED TRACKIMG ATTITUDE PROGRAY (P25) LOGIZ ~ REV 11 N6/13/68

(1) TO COMPUTE THE PREFERRED TRACKINS ATTITUDF OF THE LM WHICH ENABLFS CSM TRAZKING 3F THE LM BFACZON.
{2) TD PERFNRM THE MANEUVER T THE PREFERRED TRACKING ATTITUDE.
(1) DJRING THE RFNOEZVIUS NAVIGATIION PROGRAM (P20) THE LM ATTITUDE CONTRIL IS INTIMATELY ASSIOCIATED AITH THE RENDEZ-
VOUS RADAR (RR). SHOJLD RR MALFUNCTION PRECLJDE CTDRRECT DJPERATION JF P20, THIS PROGRAM {P25) S4JULD BE SELECTYED TO
PROVIDE A LM PREFERRED TRACKING ATTITUDE.
(2) THE PREFEREKFD TRACKING ATTITUDE IS DEFINED AS FILLIWS:

(A) THE LM +Z AXIS IS ALIGNED ALON3 THE L3S T2 THE CSM.

(B8) THF ROLL ATTITUDE (ABOJT LM +7 AXIS) IS JUNCONSTRAINED AND IS DEFINED IN %0 AS NEZESSARY TO AVOID GIMBAL
LOCK.

{3) THE ISS MAY BE IN STANDAY QOR OPERATE. THE IVJU W2JLD NORMALLY BE JN AND THE IMU DJRIENTATION DETERMINATION PROGRAM
(P51) COMPLETED BEFJIPE THE SELECTION OF THIS PRJGAM. \NDO PREFEIRED OJIENTATION IS SPECIFIED OR REQUIRZD FOR THIS
PROGRAM AS THE PFEZFERRED TRACKING ATTITUDE RIJTINE {R61) CAN ALWAYS CALCULATE A VEHIZLE ORIENTATION ABOUT A SPECIFIED
+Z LM VEZITIR THAT CAN AVIID GIMBAL LOCK FOR ANY INERTTAL IMU NDRIENTATION.

THE ISS THUS MAY R3E:

(A) NFF (STANDBY).
{(B) ON, AND NOT ALIGNED SINCE TURN 3\N.

(C) ON AND AT AN INERTIAL ORIENTATION KNOWN JINLY INACCURATELY BY THE LGC, I.E. HAVING BEEN ALIGNED AT
LEAST ONCE SINCE TJRN ON BJT NOT AITHIN THE _AST 3 HS.

(D) ON AND AT AN INERTIAL JRIENTATION <NOWN ACCJRATELY 3Y THE L3532, I.E. HAVING BEEN ALIGNED WITHIN
THE LAST 3 HRS.

IF (A) IS TRUE A PRIGRAM ALARM WILL BE MADE RY THIS PIGRAM,

IF (B) IS TRUE A PRUOGRAM ALARM WILL BE MADE 3Y THIS PRIGRAM.

IF (C) IS TRUE THE LGC MAY DR MAY NIOT HAVE A SATISFACTORY INERTIAL REFEIENCE T3 ACCUJRATELY CZIMPLETE THE PROGRAM.
IF (D) IS TRUE THF LGC HAS A SATISFATTORY INFRTIAL REFERENCE TO ASCJIRATELY COMPLETE THE PRIGRAM,

(4) THE LM TRACKINS BFACON FIELD OF VIEW IS A 30 DEGRFF HALF ANGLE CONE WITH THE CONE AXIS PARALLEL TO THE LM +Z AXIS.

(5) THIS PROGRAM IS SELFCTFD BY THE ASTRONAJT BY DSKY ENTRY. IT MAY BE TERMINATED 8Y THE SELECTION OF THE LGC IDL ING
PROGRAM (P30) V34%E IR BY V55E. POO SZLFCTINN AILL TERMINATE P25 AND ANY OTHER PRJIGRAM IN PIZESS AND =STABLISH POJ.
ALL OTHER P2RDOGRAMS SELECTED WILL CHANGE THE PRIOSRAM NUVRER DISPLAYED ON THE DSKY BUT WILL NOT TERMINATE P25,
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« IS LOS MORE THAN 30
. DEGREES FROM THF
o LMHZ AXTS2

. Y N

WAIT 60
SECONDS

WAIT FNR KEY3NARD
ENTRY.

00 1 DESIRE TD
TERMINATE 925?

DO I DESIRE T2
SELECT LGS IDLINS
PROGRAM (P)JD)?

SELECT LB
IDLING PRRIGRAM
(P0O0).
KEY 1IN

V3T7E00=

® e o s o © o & © 6 0 o »

.

P25/SUNDANCE

P25/SUNDANCE
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RPESPUND TO V536F
R VY2T7E00F
IMMEDIATELY.

<V -V
.5 3
.6 w7
.F aF
- <0
B 0
. oE

RESET THE TRACK
FLAGy P25 FLAG .

AND TERMINATE .
THE PREFERRED -
ATTITUDE TRACK- .
ING ROUTINE .
{R61). B

IS P25 THF DONLY .
PRIGRAM RUNNING? .

4 oN .
. EXIT 2258 &

DO FINAL AUTIMATIC
REQUEST TERMINATE
ROUTINE (RCN) .
(NOTE: ENTRY INTO
ROy DIFFERS =AR
CREW PROGFAM SE-
CTION AND LGS
ITINE SFLESTIONGS

cesesessssscsssssscssssescsssscse LEY IV
. . V56s

« IS P25 THE ONLY
. PR]IGZIAM FUNNTING?

B o N : 4
. EXIT .
. P23 .

J0 FINAL AUTIMATIC
REQUEST TERMINATE
ROUTINE (23D
(NOTE: ENTRY INTD
ROO DIFFERS F3R
CRES PIIERAM SE-
LECTION AND LGC
RRUTINF SELECT IdVe)

EXIT B25

P?25/SUNDANCE
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PURPTISES

ASSUMPTIONS =

+4+

+03

++

++

+03

++
PRDG
CONT

ARDLLO LDNPUTER LO5T. <HECKLISTY INMNTERFALE

5RP3UND I VIA THE DSKY KEYBOARD

AND AN INCREMENT

(1-18 INCLUSIVE LDJCATI3NS WHOSE

P27 EXIT IS ALAAYS TO POO.

L3C UPDATE PROZRAM [P2T) LOGILe REV 06 11721767

(1) T INSERT INFIRMATION INTO THE L3C VTA THE JIGITAL UPLINK 3Y TRANSMISSINN FROM THE

RY CRFwW MANUAL IN®JT.

(1) THE LGZ MUST 37 IM THE DPERATE CIONDITIONS THE IMJ MAY RE IN STANDRY DR DPE2ATFE COINDITION.

(2) 15C JPPATES ARL CGF EOUR CATEGORIES:
{A) PROVIDE A DECREMENT FOR THF L350 CLOCZK AND THE DRRITAL INTEGRATION STATE VFCTIR TIMF TAGS,
TER TEPHEM (W70)s
(R) PRAOAVINE LIAD CZAPARILITY FIR A RLOCK OF SZQUSNTIAL ERASABLE LDCATIONS
ADIRESS IS SPECIFIED) (Y71).
(C) PROVIDL LOAD CAPABILITY FJR 1-9 INCLUSIVE INRIVIDUALLY SPECIFIED FRASABLE LDCATIONS (VT72).
(D) PROVIDBE AN [CTAL IMCREMENT FOR THE [ G0 CLOCK JNLY {(V73).,

(3) A COMPLETF OFSCRPIPTITON 2F THE LGT UPLINK FIRMAT IS TNCLUDED TN SELTIDN 2 OF R557.

[4) THE JPLINK MAY AF BLNCKFD BY PLAZING THE VIICE/OFF/VDICE BU SWITCH 70 VOICE BU.

(5) UPDATE IS ALLIWED IN THF LM ONLY WHEN THF LGC IS IN THE LGC IDLING PROGRAM (PR0).

(6) THE PRPOGRAM IS MANUALLY SFLECTFU BY THE ASTRINAUT BY DSKY ENTRY 0OR BY THE

LGEG GROUND CREA

« ZRZW
« PRIG
SSELECTION

TUMFIRM UPDATE
PAPAMETERS AND .
XHIS510N TIweE

REQUEST L3C UPDATFE.
SPECIFY PARBMMFTERS
AND CNORDIINATE TINME

PELPARE PARA- 3F XMISSION. ENSJPF
% TERS AT MECFS- LGC AILL EF ABLF TC
GBRY GRUFUND AGEE PT.o

GTRTIIM: =~ 0 e

GROUND BY UPLINK TRANSMISSION.

CHECKLIST TIME TOTAL
TIME
210
027/7SUNDANCE
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. NDTIFY CREA OF .
. TMTENTIOM T ...,
. UPDATE. SPFCIFY .
. PAZAUFTERS AND

. CODRDTINATE TIME,

.
. -
. o
. .
° °
B -

dilL JPRATE 4F
YR AUTEHMAT -
CALLY RY LGG YP=
LINK FROM GROUND
P MANUALLY RY
LeFe DRKY INPUT

<AUTD « MAN

. TPANSMIT ypP-
. DATE 8Y VAICE
. LINX TY CRFY

VERIFY
SOATE A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>