
SYSTE-\IS DATA

e Spacecraft attitude measurement and control

• Generation of guidance commands during CS.kl-powered flight and

C/.KI atmospheric entry.

The G&.N system is initially activated and aligned clurin_ the prelaunch

phase. During the ascent phase, the system _h]easures velocit\ and attitude,

computes position, compares the actual spacecraft trajectory with a pre-

determined trajectory, and displays pertinent data. The flight crew uses

the disp!a)-ed information as an aid for decision to abort or continue the

mission. However, spacecraft control is maintained b\ the S-IVB guidance

until CS.NI/S-IVI5 separation, Upon separation, the G&_X- s\-stem assumes the

guidance aI_d ,navigation functions using the data acquired during ascent.

During; periods when onboard velocity and/or ,attitude change sensing

is not required, the iN.IU is placed in standby operation to conserve eloctrica!

power, The _-kG(} is used more exrensivel.y than the I_XIL-; however, it will

also be p_aced in standby operation to conserve electrical power. When the

guidance and navigation function is to be restored, the i_X_U and AGC are

reactivated, with the :\GC using the last co_rlputed ve!oeitv as the basis for

further velocity computations. INew positional data must be acquired from.

optical, sightings or MSFiN through telen_etry or voice communications.

Initial position and attitude informa.tiqn as well as periodic updating of

this information is made through use of the optics. This is accomplished

by the navigator making two or n-lore landmark and/or star sightings. The

sightings are made by acquiring the star-landmark with the SCT and/or SXT.

When the viewed object is centered, a :harP. command is initiated. The --\GO

reads the optics angles, !.%IU angles, and t_me, in conjunction with internal

pro£rams to determine the spacecraft position. This position information

and the spacecraft velocity are used to compute an estimated trajectory.

The actual trajectory is compared with previous t_'ajector 5 data to generate

the trajectory error, if any, for further reference. Optical measurerr, ents

are also used in aligning the [XiU to a specific reference orientation•

The IMU (figure Z. Z-Z) contains three inertial rate integrating gyros

(llff.IOs), three angular differentiating accelerometers (ADAs), and three

pulsed integrating pendulous accelerometers (P!P:\s). The TRIOs, PIP_ks,

and one ADA are mounted on the stable platform which is gimbaled to pro-

vide three degrees of freedom. The two remaining :\D:'_s are mounted on

the middle ginnbai. The stable platform inertial reference is maintained 15y

the IRIGs and ._i)As in conjunction with electronic stabilization loops. :\nv

displacement of the platform is sensed by the IRIOs which produce output

sig._als representative of the n_agnitude and direction of displacen_.ent. The

AD.,\s sense the displacement rate and produce output rate control signals

to maintain correct stabilization loop control response. The IRIG and .-\DA

signals are app)ied to servo amplifiers, which condition the signals to drive

gimbal torque motors. The gimbal torque motors then restore the i'nitia]

olatform orientation by driving the gimbals until the IIRIG signals are hulled.
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The PIPAs are orthogonally mounted and sense changes in spacecraft

velocity. An acceleration or deceleration results in output signals which

are representative of the magnitude anddirection of the velocity change.

The output signals are applied to the AGC which uses the information to

update spacecraft velocity data. Continual updating of velocity information,

with respect to the initial spacecraft position and trajectory, enables the

AGC to provide current velocity, position, and trajectory information.

The IMU also provides a space stabilized reference for spacecraft

attitude sensing and control. Attitude change sensing is accomplished by

monitoring the spacecraft attitude with reference to the stable platform.

Resolvers are mounted at the gimbal axes to provide signals representative

of the gimbal angles. Inertial CDUs contain resolvers which repeat the

platform attitude. Attitude monitoring is afforded by comparing d_e !.MU

resolver output signals with the CDU resolver signals. If the angles differ,

error signals are'generated and applied to the stabilization and control sys-

tem. If the attitude error is larger than the selected deadband limits, the

SCS fires the appropriate RCS engines. The spacecraft is rotated back to

the initial refererice attit1_de and the error signals are nulled (within

de adband limits).

The AGC provides automatic execution of computer programs, auto-

matic control of ISS and OSS modes, and, in conjunction with the DSKYs,

manual control of ISS and OSS modes and computer displays. The AGC

contains a two-part memory which consists of a large non-erasable section

and a smaller erasable section. Non-erasable memory contains mission

and systen a programs and other predetermined data which are wired in

during assembly. Data readout from this section is non-destructive and

cannot be changed during operation. The erasable section of memory pro-

vides for data storage, retrieval, and operations Upon measured data and

telemetered information. Data readout from this section is destructive,

permitting changes in stored data to be made as desired. Information

within the memory may be called up for display on the two DSKYs. The

DSKYs enable the flight crew to enter data or instructions into the AGC,

request display of data from AGC memory, and offer an interrupt control

of AGC operation. The AGC timing section provides timing signals of

various frequencies for internal use and to other onboard systems which

require accurate or synchronized timing. Data within the AGC is trans-

mitted to MSFN through a "downlink" telemetry function. Telemetered

data is transmitted as a function of an AGC program or by request from

MSFN. Data within the AGC may be updated through an "up!ink" telemetry

function controlled by MSFN. The AGC performs guidance functions by

executing internal programs using predetermined trajectory parameters,

attitude angles from the inertial CDUs, velocity changes from the PIPAs,

and commands from the DSKYs (crew) to generate control commands.

The navigation function is performed by using stored star-landmark data,

optics angles from the optics CDUs, and velocity changes from the PIPAs

in the execution of navigation programs.
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1, AGC inputs and outpu._s shown are

present at various th'nesl depending

-upon mode of operallon, but not

concurrently.

2. These. components are physically

mounted on the IMU but illustrated

as _hown fol clarity.
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The optics provide accurate star and landmark angular measure- <i:_i,:¸
,', 71" t

2.2.2.1

ments. Sightings are accomplished by the navigator using the SXT and

SCT. The optics are positioned by drive motors commanded by the optics

hand controller or manually using a universal tool, as desired. The,shaft

axes are para].lel, Trunnion axes may be operated in parallel or offset,

as desired. The SCT is a unity power instrument providing an approxi-

mate b0-degree field of view. It is used to make landmark sightings and

to acquire and center stars or landmarks prior to SXT use. The SXT

provides 28-power magnification with a 1.8-degree field of view. The

SXT has two lines of sight, enabling it to measure the included angle

between two objects. This requires two lines of sight which enable the

two viewed _,bjects to be superimposed. For a star-landmark sighting,

the landmark line of sight is centered.along the SXT shaft axis. The star

image is moved toward the landmark by rotating the shaft and trunnion

axes until the two viewed objects are superimposed. The shaft and

trunnion angles are repeated by the optic CDUs. When the navigator is

satisfied with image positions, he issues a mark command to the AGC.

The AGC reads the optics CDU angles, IbiU CDU angles, and til,-ne, and

computes the position of the spacecraft. The AGC ba'_tes the computation

on stored star and landmark data which n_ay also be used b'f the AGC to

request specific stars or landmarks for navigationa! sightings. Two or

more sightings, on two or more different stars, must be taken to perform

a complete position determination.

Operational Modes.

]'he G&N system is operated in six basic operational modes.

Selection of any one mode is accon-_plished manually by the flight crew or

automatically by the AGC. The basic modes are as follows:

o Monitor (initiated by SCS mode selection)

o Zero encode

o Coarse align

o Fine align

® Attitude control

e Entry

Ti_e system configuration necessary to operate in any of the modes is

established by relay switching.

The monitor mode is used at launch, ascent, and during orbit until

CSM/S-IVB separation, to provide flight path data for crew displays. The

coarse align, fine align, and zero encode modes are used to

align the IMU after standby periods or to acquire a new stable platform

orientation. The attitude control mode provides for spacecraft attitude

control and navigation computations to measure position and velocity. T.he

entry mode provides control of the spacecraft lift vector during entry

phase.

GUIDANCJ-I AND NAVIOATIOI< SYSTERI
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2.2.2.1.1

The ISS and CSS will be operated in on-etandby cycles to conserve

electrical power. During standby operation, the ISS maintains IMU temper-

ature, and the CSS maintains AGC timing functions. The OSS is shut off

when not in use. Since standby operation time varies for each of the

subsystems, standby is not considered as basic mode.

Monitor Mo'de.

During prelaunch operations, the G&N system is aligned to the desired

launch reference attitude and gyro compasses to m_intain this attitude.

Approximately 3 minutes prior to launch, the gyro compassing is stopped

and the system becomes inertially referenced. Upon lift-off the AGC begins

monitoring the flight path angles by driving the inertial Coupling Display

Units (ICDUs) threugh programmed attitude changes. The ICDU angles are

compared with the IMU gimbal angles to produce fligh t p_.th error signals

which are displayed by the FDA.I error needles. Total spacecraft attitude,

with respect to the IMU orientation, is displayed by the FDAI ball.

(Prelaunch FDAI readings are 164. 76-degree roll, 58.30-degree pitch, and

9.69-'degree yaw, with respect to the navigation axis symbol. Display at

orbit insertion is 0-degree roll, 310.5-degree pitch, and 0-degree yaw,

assuming a 180-degree roll has been performed and launch pad 37 is used.)

During boost prior to launch escape tower (LET) jettison, the AGC displays

the following:

REGISTER I - Inertial flight path a:_gle; inertial velocity with respect

to local horizontal ir. degrees.

REGISTER 2. - Inertial velocity in ft per sec.

REGISTER 3 - Altitude above launch pad in nautical miles (NMs).

Upon receipt of LET jettison signals the displays change to the following:

REGISTER 1 - Predicted Gs for free-fall and entry at 60-degree

bank angle.

REGISTER 2 - Altitude of perigee above the mean equatorial radius

in NMs.

REGISTER 3 - Time of free--fall to 300, 000 ft above mean equatorial

radius in minutes and seconds.

This displayed data provides the flight crew with sufficient information to

make abort or continue decisions; however, if time is not critical, the

decision is made by the flight crew and N,ISFN jointly.

GUIDANCE AND NAVIGATION SYSTk-;M
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Zero Encode _Xiode.

The zero encode mode enables correction of the CDU data stored in

AGC. This mode is used to ensure that the reference angles contained in

the CDU registers of the AGC correspond with the actual CDU angles. Tkis

is accomplished by driving the CDUs to zero, then clearing the AGC C DU

registers. This starts the AGC CDU registers at zero and enables the

registers to maintain correct CDU angles by counting pulses from d_.e CDU

digital encoders.

Coarse Align _Xlode.

The coarse align mode enables stable platform alignment to within

approximately 2 degrees of a desired platform orientation. Prerequisite

information to accomplish coarse alignment consists of the desired lJatfor:>

orientation and present spacecraft attitude.

The desired platform orientationangles are computed bv an align-

ment program executed by the AGC. The navigator detern".ines the space-

craft attitude immediately prior to coarse alignment b\ making two or

more sightings on stars or landmarks. Upon completion of the sightings,

the AGC reads the optic angles and co_-nputes the gimbal angles necessar.v

to attain the desired platform orientation. The AGC generates drive

signals to position the CDU resolvers to the required gimbal angles. The

I.NIU-CDU resolver error signals, generated by repositioning the CDUs,

are applied to the gimbal torque servo amps which drive the gimbai torque

motors to position the platform to the desired orientation.

The stable platform orientation will normally be such that the X-axis

lies along the spacecraft thrust vector during all powered phases, except

ascent, and along the spacecraft stability axis during entry..

Fine Align hlocle

The fine align nnode completes stable platforn_ orientation to the

required degree of accuracy. The navigator nnakes two or more star

sightings, using on-board data and the optics to acquire the desired stars.

Upon receipt of the optic angles the AGC computes ti_e !.XIU angles neces-

sary to complete the alignment. In the fine align mode, the iXU angles are

repeated by the inertial CDUs which are monitored by the AGC to determine

the actual I).IL- orientation. The AGC generates torquip.g signals to cancel

any error between the actual I.XIU orientation and the desired orientation.

These torquing pulses are applied to the IRIG torquino coils. The il_IOs in

conjunction with the s_ab_izatlo_, loops, reposition the stable platforn _, until

the desired or[entation is attained. Upon ccmpletion of fine alignment, the

I.XIU/CDU resolver signals and the stabilization loop signals are at nulb.

The s\stem configuration required for fine al_-n._ mode also apolies

I..N[U resolver signals to the SCS as apparent attitude error signals. To

prevent these sitlnals from appearing as actual spacecraft attitude errors,

the SCS must be operated in an SCS mode which rejects G&:N derived _i ,nals

GUIDANCE AND 7<AVIGATION SYSTEZI
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2.2.2.1.5

Z.Z.2.1.6

Attitude Control Mode.

The attitude control mode provides spacecraft attitude change sensing,

generates error signals for spacecraft attitude control, velocity change

signals for updating AGC velocity information, and signals for timing SPS

engine thrust termination commands.

During spacecraft attitude control, the IMU gimbal resolvers sense any

displacement of the spacecraft with respect to the stable platform orientation

and produce corresponding error signals. The error signals are applied

directly to the SCS-FDAI ball for error display and to the inertial CDU

resolvers. The INIU-CDU error signals are displayed on the IMU control

panel, resolved into spacecraft axes, and applied to the SCS. If the error

signals indicate an attitude error larger than the selected deadband,

appropriate RCS engines are fired and the desired spacecraft at-titude is

restored.

For delta V maneuvers, the G&N system provides attitude control,

velocity change sensin.g, and total velocity change control by generating

thrust termination commands. Prior to thrusting, the IMU is aligned so that

the stable platform X-axis is parallel to the thrust vector. The AGC deter-

mi;_es time-to-ignition and total velocity change desired, and performs mode

verification routines. At ignition time the AGC flashes the DSKY displays to

the crew for initiation of ignition (manual DSKY entry is required). DurSng

thrusting, the CDU alSplies attitude error sig,aals to the SCS. i%o11 error

signals are applied to the RCS engines; however, pitch and yaw error signals

are applied to _he SPS engine gimbals rather than ikCS engines. This

ensures alignment of the thrust vector through the spacecraft center-of-

gravit T and along the correct trajectory. The PIPAs on the stable platform

sense the velocity changes and apply proportional output signals to the AGC.

The AGC computes and updates spacecraft velocity, and counts down apreset

counter with the PIPA signals. When the counter reaches zero, a thrust

termination signal is generated and applied through the SCS electronics to

the SPS engine.

Entry.

The entry mode provides for generation of attitude error and steering

signals, sensing of deceleration, and computation of velocity changes during

the entry phase of the mission. The steering signals provide for control of

the spacecraft lift vector through the SCS, to inhibit excessive G-loadings

and heat buildup, and to control the flight path to enable landing at a pre-

selected site. Attitude error signals are applied to the FDAi attitude error

needles.

Entry confJgu-,'ation is similar to attitude co__trol with the exception.s

that the rol]. response time is reduced, one step of axis resolution is not

needed, and the AGC will produce steering signals to the SCS by driving the

roll CDU. From initiation of.entry mode u:_til 0. 05G sxvitching, roll, pitch,

g

g
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and va\v error signals provide attitude control. Upon 0.05G switching, the

pitch and va\v error signals provide display only. Prior to entry, the I.XIU

X-axis is aligned along the spacecraft entry velocity vecto'r. This ali,gnn_.ent

eliminates the need for navigation base-to-spacecraft body axis resolution.

Deceleration is sensed primarib.- by the IN[U X-axis PIPA, although changes _

in l'iftvector orientation cause some lateral rno\-ement which is sensed by

the Y and/or Z PIPAs. The outer gimbal, or roll, IX resolver is connected

to the loX resoh'er in the ROLL CDU, giving a 16:1 increase in attitttde

error signal and reducing the response time of the roll channel. The AGC

will produce stee1"ing signals by executing a programmed lift vector down

entry (to ensure capture), ]80-degree roll to lift vector up, then generate

further steering signals with respect to O forces, heat buildup, and range

needed. These steering signals are routed to'the roll CDU where an IN[U-

CDU reso!ver error is generated and routed to the SCS for EDAI display

and/or RCS engine control. The entry may be perfor_ned manually with tke

pilot flying to the steerir.g signals as displayed on the 7DAI, or automatically

with the AGC steering signals routed to the rolIRCS engines for spacecraft

c ont r oi,

MAJOR CONiPONEXT/SU.BSYSTEM DESCRIPTION.

Inertial SubsyStem.

The function of the inertial subsystem is to provide a space- stabilized

inertial rcference from which velocity changes _.nd attitude chan.ges can be

_ensed. It is composed of the inertial measurement unit (IMU), the navi__a-

tion base (_NB), parts of the power and servo assembly (PSA). parts of the

control and display panels and three coupling display units (CDUs).

Navigation Base.

2.2.3.1.2

The navigation base (NB) is the rigid, Supporting structure v.-hich

mounts the IN'IU and optical instruments. The .NB is manufactured and

installed to close tolerances to provide accurate alignment of the equipmcnt

mounted on it. It also provides shock mounting for the !MU and optics.

Inertial kleasurement Unit.

bj
The inertial measurement unit (IN4U) is the main unit of the inertial

subsystem. It is a three-degree-of-freedom stabilized platform assen__bh-,

containing three inertial reference integrating gyros (IRIGs), three pulsed

integrating pendulous accelerometers (PIPAs), and three angular differenti-

ating accelerorneters (ADAs). The stable membe.r itself is machined fron_.

a solid block of beryllium with holes bored for mountfng the PIDAs, iRIC-s,

and one of the three ADAs. Three gipnbal and six intergimbal assen_b!i'es,

which house torque motors and rcsol<'ers, are also partofthe!MU.assemUh,

together \vith preamplifiers and gimbal-n_ounted electronics. Figure Z. I-2

shows ho\v the IRIGs and the PIPAs are mounted re!ative to each other or.

the stable member (o_ inner gimbal). The three gimba! axes, about xvhich

each of tLe gimbals rotate, are also ._d_o,\-n.

GUIDANCE AXD NAVIGATIOX SYSTI£M
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The stable platform attitude is maintained by the Ii_IGs, ADAs, stabi-

lization loop electronics, and gimbal torque motors. Any displacement of

the stable platform or gimbal an_les is sensed by the IRIGs and ADAs, which

generate error signals. IRiG error signals are resolved and amplified at
the IMU and applied to stabilization loop electronics. ADA-produced error

signals are summed with the IRIG error signals. The resultant signal is
conditioned and applied to the gimbal torque motors, which restore the

desired attitude.

The stable platform provides a space-.referenced mount for three

P!PAs, which sense velocity changes. The PIPAs are mounted orthogonally

to sense the velocity changes along all three axes. Any translational force

experienced by the spacecraft causes an acceleration or deceleration which
is sensed by one or more PIPAs. Each PIPA generates an output signal

proportional to the magnitude and direction of velocity change. This signal,
in the form of a pulse train, is applied tc the AGC. The AGC will use the

signal to update the velocity information and also generate signals to torque

each PIPA ducosyn bac]-, to null.

The te_uperature of the IRiGs and PIPAs is maintained within required

limits during both standby and operating rhodes of the iMU. The IMU tem-

perature control system contains circuits to supply normal proportional
temperature control with the capability of backup or emergency control in

case of a proportional control malfunction. The proportional temperature
control circuit is the primary means of maintaining the IRIC- and PIPA

temperature and provides the .most accurate control. This type of controlis
available when either the proportional or auto-override mode is selected

with the IMU TEMP MODE selector switch. The purpose of the auto-

override mode is to provide autom:atic switching from that mode to

emergency control if there is a malfuncti'on in the proportional control
circ<_it. If a malfunction occurs in the proport_,na] mode, the switching to

emergency control must be performed manually. In the proportional mode,
the temperature is controlled by the proportional temperature cdntrol

bridge and is maintained at 135±0. 5°F. While in the emergency mode, it is

controlled by the mercury thermostat and is held within ±5°F.

The backup temperature control and indicator circuit is intended for

use in the event the proportional control fails. The control sensing elements

for this system are three PIPA indicating sensors (connected in series) and

six IRIG sensing elements (connected in series) in two separate bridges.

This system can maintain the temperature to within-+-l°F. In this mode of

operation, an alarm indication is not available to the astronaut because of

modifications to the temperature alarm amplifier circuit.

Coupling and Display Units.

There are five CDUs mounted below the IMU control panel at the lower

equipment bay. Three CDUs function as part of the ISS, while the two

re-naining CDUs function with the OSS. The optic CDUs (OCDUs) are

described in paragraph Z. Z. 3. Z. The three inertial CDUs (ICDUs) are

identical and may be interchanged. Display dials on the front panel of each

provide a 6-digit readout. Positioning of ti_e ICDUs is accomplished by the
AGC. Each ICDU contains a 1/4-speed, l/g-speed, 1-speed, and !6-speed

resoh'er, the fu._-ctions of which depend upon the ISS mode of operation. The

angular movements of the resoh'ers are converted into digital, signals by a

digital encoder, processed by encoder electronics, anql routed to AGC

registers \\hich maintain current ICDU angles for use as desired. The AGC
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cornmands CI)U movements by applying digital drive commands to dio_ital- t[.ii i'

to-analog converters. The drive signals are converted from di_<ilal to anaio<_[_,<
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2.2.3.2

Z,2.3.2.1

and applied to CDU motor drive amplifiers \vhich position the CDUs. -£he

l-speed and ]6-speed resoivers function as receivers of signals produced bv

l-speed and 16-speed resolvers mounted on the IMU. The I/Z-spee<_

resolvers are used to zero the CDUs and the i/4-speed resolvers are r,o_

use_d. The resolvers provide input signals to selector circuits which provideT<<

n_otor drive signals or spacecraft attitude error signals, dependino_ uuo,_

rnode of operation. The IMU outer giFnbal J-speed resolver signals are

applied to the roll CDU 16-speed resolver to increase roll control rates

during entry.

Power and Servo Assembly.

The power and servo assembly (PSA), located just below the display-

and control panel in the lower equipment bay', serves as a central n-_ounting

point for most of the GAN electronic units such as power supplies and

amplifiers. It also contains the backup e].ectronics used to supply timin__

pulses to the IMU in cas_ of an AGC timing malfunction. It consists of i0

removable trays mounted adjacent to each other and connected to a junction

box. The PSA trays utilize three wiring har'nesses to provide electrical

connection: one for module-to-module connection, another for module-t.o-

•junction box connection, and a third for module connection to a 38-pin

female test plug on the front of the PSA tray.

Optical Subsystern.

The optical subsystem is used for taking precise optical sightings on
celestial bodies and for taking fixes on landmarks. These sightings are used

for aligning the TMU and for determining tKe posit_on of the spacecraft. Tke
,.,D<,=, parts .._system includes the navigational base, t\vo of the five "_ _- _ the

power and servo assembly, controls and displays, and the optics, v:hich

include the scanning telescope (SCT) and the sextant (SXT).

Optics.

The optics consist of the SCT and the SXT mounted in two protr-_d!ng

tubular sections of the optical base assembly. The SCT and SXT shaft axes

are aligned parallel to each other and afford a common line-of-sight (LOS)

to selected targets. The trunnion axes may be parallel or the SCT axis may

be offset depending upon mode of operation.

The sextant is a highly accurate optical instrument capable of measur-

ing the included angle between two targets. Angular sightings of two targets •

are rnade through a fixed beam splitter and a movable mirror located in the
sextant head, The sextant lens provides 1.8-degree true field of viev: with

28X magnification. The movable mirror is capable of sighting a target to

57 degrees LOS from the shaft axis. The mechanical accuracy of the
trunnion axis is twice that of the LOS requirement due to mirror reflection

which doubles any angular displacement in trunnion axis.

The scanning telescope is sirnilar to a theodolite in its ability to "

accurately- measure elevation and azimuth angles of a single targq_ 'dsb_Z an
established reference. The lenses provide 60-degree true field of _ie\v at

IX magnification. The telescope allowable LOS errors are 1 minute of arc

rms in elevation with maximum repeatability of 15 arc/seconds and

approximately 40 arc/seconds in shaft axis.

:_.-_VIGA £IOE SYSTEMGUIDANCE AND "'_ " ....
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Coupling D';.spiay U':its,

The function of the OCDUs is to position and repeat angles of the SCT and

SXT shaft and trunnion axes. The OCDUs are sirnilar to the ICDUs, but may

not be interchanged due to internal mechanical differences allowing higher

OCDU rates. Each OCDU has a 6-digit display readout and can be positioned

automatically by AGC command. CDU angles are converted to a digital

signal by a digital encoder, processed by encoder electronics, and routed to

an AGC register. AGC positioning commands are applied to a digital-to-

analog converter, converted to a representative analog sig_al, and applied
to.a motor drive amplifier in the SXT. Rcso!vers in the SXT function as

transmitters to CDU reso].vers which receive the position signals and apply

the commanded angles to the CDU motor drive amp!ifiers to position the

CDU motor.

Trunnion CDU 1/4-speed a.nd 16-speed reso!vers function as receivers

and provide drive signals to the trunnion CDU motor. The SXT t_unnion
reso!vers which drive the CDU resolvers are 1-speed and 64-speed respec-

tively, pro)idip.g a 1:4 SXT trunnion to CDU trunnio_ ratio. Visual readouts
on the trunnion display dials are thus four times the trunnion angle and. two

times the star line-of-sight angle from zero position. The 1/Z-speed

resolver, in conjunction with the cosecant amplifier, provides --_ variable

gain computing resolver which is used in t:he RESOLVED mode of operation.

The l.-speed resolver is not used in the trunnion CDU.

Shaft CDU I/Z-speed and 16-speed resolvers function as receivers and

produce drive signals to the shaft CDU motor. SXT resolvers used as
transmitters are also i/Z-speed and 16-.speed resolvers, affording a i:i

ratio; thus, the display dials provide direct readouts of the shaft angles.

The l-speed resolver resolves polar coordSnates into rectangular coor-
dinates for the }<ESOLVED mode of operation. The i/4-speed resolver is

not used in the shaft CDU.

Operational Modes.

Optics positioning is accomplished automatically by the AGC or

manually by the crew. Overall mode control is establi'shed by crew selec-
tion of the ZERO OPTICS, MANUAL, or COMPUTER modes on the OPTICS

panel.

ZERO OPTICS mode enables automatic drive of the SXT shaft and

trunnion motors to zero. ThSs is accomplished by applying the SXTresoFver

output signals to the input of the SXT motor drive amplifiers, The drive

signals are applied to the CDU and SCT resolvers which follow the sxr shaft
and trunnion axes to zero. After 60 seconds, the AGC optics position

registers are cleared, This mode m_ay be selected by AGC program or

manually.

MANUAL mode enables positioning control of the optics by manual

manipulation of the optics hand controller, The hand controller is mech-

anized such that, right-left movement generates shaft commands, and
up-down movement generates trunnion commands. Hand controller drive

rates are selected by the position of the CONTP, OLLER SPEED switch.

g
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Positions HI, .XIED, and LO control the amplitude of the drive signal to the

hand controller. Hand controller drive signals are applied to the SXT

shaft and trunnion drive amplifiers through the CONTROLLER MODE switch

for selection of DIRECT or RESOLVED mode. in DIRIqCT mode, the_image

motion is presented in a polar coordinate reference frame; in RESOLVED

mode, the image motion is presented in a rectangular coordinate reference _'

frame.

In DIRECT mode, shaft comn_ands mox'e the image in a circular path

around the center of the field of view. Trunnion commands drive the image!

in a straight line across the center of the field of view. The angular

orientation of the trunnion comnzanded straight line movement is a function

of the shaft angle; therefore, direction of image n_ovement with respect

to the direction of hand controller mo,,'ement is also a funct{on of shaft

angle. The rate of image movement, for shaft commands, is a function

of trunnion angle, wherein increasing trunnion angles result in increasing

image movement rates.

In RESOLVED mode, shaft commands move the image left-right in

a straight line.. Trunnion commands move the image up--down in a straight

line. Image movement is in the same direction as hand controller move-

ment and the rat£ of movement is constant for varying angles.

In CO.X'IPUTER mode, the AGC positions the optics to a star or land-

mark determined by AGC programming. This mode is performed by an

AGC routine wl{ieh is called up automatically by various alignment pro--

grams. The targe_ star or landmark may be defined by AGC programming

or by the crew. if the target star or landmark is not selected by AGC

programming, the crew makes a DSKY entry defining either the latitude,

longitude, and altitude for a landmark or the star code for a star. The

AGC determines the spacecraft attitude by monitoring the ICDUs, and

computes the angles necessary to drive the optics to the desired target.

(If the angles necessary to acquire the target are beyond the capabilities

of the optics, the AGC flashes the DSKY displays.) When the necessary

angles are computed, the AGC displays the desired shaft and trunnion

angles on the DSIIY and initiates OCDU drive to these angles. When the

AGC has completed driving the CDUs, _he crew checks the DSKY-disp!ayed

angles against the 6-digit CDU displays and the SOT counters. The crew

then locates and identifies the target in the SCT, enables manual control,

and completes the sighting. The AGC can also perform zero optics

functions, if desired, by the AGC program.

The SCT trunnion may be operated in three alternate modes, with

respect to the SXT trunnion, as desired. The SLAVE TELESCOPE switch

enables crew selection of STAR LOS, EA!'_DMARK LOS 0 °, or OFFSET

25 ° . The STAR LOS position is normally used. In this position, the SCT

trunnion is slaved to the SXT trunnion. The: LA_D-XIAP, K LOS 0 ° position,

applies a fixed voltage to the SCT trunnion position loop causing it to null

at zero. This holds center of the SCT 60 o field of view parallel, to the
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SXT landmark line of sight. The OFFSET 25 "_ position applies a fixed

voltage to the SCT trunnion position loop, causing it to null at Z5 degrees

off-center. This holds the SCT field of view so that the SXT landmark line

of sight remains visible while sweeping the SCT shaft through 360 degrees,

of rotation, providing an approximate l l0-degree total field of view,

C omoute {" Subsystem.

The computer subsystem (CSS) consists of the Apollo guidance com-

puter (AGC) and two display and keybo'ard papeis (DSKYs). The AGC and

one DSKY are located at the lower cquipmerA bay. The other DSKY is

located on the main display console. The AGC mounts one switch on the

front panel which applies partial or full power <o the computer to enable

standby or full operation of the CSS. All other :\GC controls and displays

are located on the DSIiYs. The keyboards on the DSKYs are smiliar;

however, tl_e displays on the DSKY in the lower equipment bay are more

extensive.

Apollo Guidance Computer.

The Apollo guidance computer (AGC) is a digital computer using a

tgvo-part rope core memory. (See figure Z. 2-3.) The AGC processes

various data to provide controi and computation functions. Input data is

received from the crew, ISS, OSS, MSFN, and other spacecraft systems

This dita is processed by various programs to provide outputs to the

crew, :SSs OSS, MSFN, and other spacecraft systems in the form of

commands and displays. The control functions performed by the AGC

consist of the following:

e_ Align the IMU stable platform.

G Position the optics for ngvigation sightings.

e Command reaction control system engine firings to maintain

specific attitude.

Request initiation and command termination of service

propulsion engine firings.

Provide synchronization pulses to the central timing equipment.

o Command telemetry transmission to MSFN.

e Command ISS moding.

Command OSS moding.

The reference data used to generate controls may be acquired externall or

generated within the AGC. initiation of the controls may be accomplished by

the crew using the DSKYs, by MSFN via telemetry, or by an AGC program.

' >ii
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Central  p roces so r  
0 Memory 
s Timing 

z e r  Silpply. -= The power supply cons is t s  of two p a r t s .  Input to the power 
supply i s  j - 28  vdc f r o m  the spacec ra f t  main  d-c  bus. The t ~ o  srctio:ls pro-  
vide t 1 3  vdc and t 3  vdc. The t13 -vdc  output provides power to the USKYs 
and ,  i n  conjunction with the 4-3-vdc power,  to  the logic c i r c u i t s  The 

t 3 - v d c  supply provides power to the l iming sect ion a s  well a s  to the logic 
c i r cu i t s .  During standby mode of operat ion,  the t 3 - v d c  sect ion only i s  
opera ted ;  thus ,  power consumption i s  reduced by approximately 100 w a i t s .  

Input. The input sect ion cons is t s  of four  r e g i s t e r s  which enable in te r  - 
--me= 

communication between the AGC and the otller G C N  subsys t ems ,  the 
s tabi l izat ion and cont ro l  sys-iern, the mis s ion  sequence r ,  the S-T.VE gu id -  
ance, and M S F N  The utilization of the r e g i s t e r s  i s  suc!r that e ~ c h  bit 
position i r i  each r e g i s t e r  i s  as:;igned a spec.ific task .  F o r  example, bit 
positions 1 ,  2 ,  3, 4, z11d 5 01 in,put r e g i s t e r  0 a r e  a s s i g n e d  to receiving the  
f ive bit  code generated when a IISKY key i s  p r e s s e d  Data received frorn 
the var ious  s o z r c e s  s.re coilditioned by the input regis ters  s u c h  that ,  when 
it is t r a n s f e r r e d  into the logic c i r cu i t s ,  the s ignal  levels and t iming a re  
c o r r e c t .  The da ta  recei,ved by the four  input r e g i s t e r s  a r e  as iollrrwo: 

Input 0 P.egistes Rece ives  5-bit code i rom the DSKYs, 
block uplink s ignal  f r o m  the UPTEIA switch,  
cont ro l  oi$na!s f rom the S C S  mod- corrtrril 
panel ,  and Inark c o m m a n d s  from the MARI< 
pushbut ton  Also moni tors  the s i g n a l  frorn 

l r cu i t s .  the t e l eme t ry  bit r a t e  detect ing c: 

Input 1 Reg i s t e r  

Input 2 Reg i s t e r  

This  r e g i s t e r  i s  fornied by the Sca les  A 
regis ter  of the t iming sect ion which rnain-  
ta ins  r e a l  t ime dur ing  standby operat ion,  
and provides update inforrnatioil to  the real  
t i m e  counters  when full opera t ion  i s  
resumed. 

Rece ives  200,  400, 80C, and 3600 pps 
s igna ls  f r o m  the Scaler A sect ion of the 
t iming sect ion fo rming  an  extension of the 
real t ime  counters  for  u se  by other space- 
craft s y s t e m s  which r equ i r e  timing of this  
o rder .  Also r ece ives  d i s c re t e  event s ignals  
f rom the S-IVB in s t rumen t  unit,  CM/SM 
sepa ra t ion  s ignals  f rom the m a s t e r  e v e n t s  
sequence cont ro l le r ,  failure signals  iroin 
the ISS, mode s igna ls  froiTl thc SCS,  and 
par i ty  f a i l  s ignals .  

GUIDANCE AND NAVIGATION SYSTEM 



]

i

'(i

' •(i

-: ]!

b_iY

SMZA-03--SC0 1 2

APOLL, O OPERATIONS HANDBOOK

SYSTEMS DATA

!

i

%

1

iiiii_,.iil

!_:!i

]

r

g_

Input 3 Register Receives ISS mode signals from the ISS

mode relays and mode signals from the OSS,

moni-tors the position of the TRANSFER

switch, and provides a logic OR gate fdr

33 DSKY relays.

Output. The output section consists of four registers wh.ch enable the

)kGC to communicate with the flight crew, ISS, OSS, and other spacecraft

systems. The utilization of the registers is similar to that used for the

input section (i.e., each bit position, or group of bit positions is assigned

a specific task). The tasks assigned to the various registers and bit

positions are as follows:

Output 0 Register Provides the transmission link from the

AGC to the DSKYs by control of 14 banks of

relays which provide display of data and

routing of control signals to the ISS, OSS,

and SCS.

Output 1 "Register Receives internal AGC alarm, signals and

causes alarm indicators on the DSKYs to

illuminate. Receives KEY RLSE request

from an AGC program and causes the KEY

RLSE indicator to ill(u-ninate and flash until

the DSKY is released. Receives AGC signal

indicating improper DSKY operation and

causes the CHECK FALL. indicator to illu-.

minate. Receives SPS engine firing signal

from an AGC program, causing the DSKY

to flash a request for crew initiation of

engine firing. Receives SPS engine off

command from an AGC program, removing

the engine on signal. Also provides signal

to reset the error interrupt trap circuits,

identifies the type of word being transmitted

by downlink telemetry, and inhibits further

loading of telemetry words when the telem-

etry word rate exceeds 50 words per second.

_ .. 5::::.

Bz_42

[ Output Z Register Controls application of 3200 pps control

pulses to the ISS and OSS.

Output 3 Register

Output 4 Register

Serves as a spare register for the central.

processor when needed.

Contains the next word to be transmitted by

downlink telemetry.
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Central Processor. The central processor contains the logic circuits

and registers which perform the programs. Programs are executed by

performing instructions in a sequence controlled by the sequence genera-
tor. There are two basic types of instructions. The first is the machine

instruction which consists of regular, involuntary, and miscellaneous

instructions. Regular instructions are contained within the program and

are part'of the data words being processed. L_vo_luntary instructions are

performed as interrupts to the program and are generated externally to the

AGC. Miscellaneous instructions are used in the computer test only. The

second basic type of instruction is the' interpretive instructions and are a

programmer convenience which are converted under program control to

machine instructions. The execution of the instructim_s is a function of

the sequence generator. The sequence generator combines basic timing

pulses with the instruction portion oi a data word and performs lhe program

in the necessary sequence. Regular machine instructions are processed

by the sequence generator initiation of the instruction. The instruction.

will perform one or more subinstrucdon, the last of which will be a sub-

instruction to proceed to the next instruction. InvoIuntary instructions are

initiated by an interrupt from an externa! source, after which the instruc-

tion is performed in the same manner as a regular instruction. After

completion of the involuntary instruction, a "resume" command is executed

and the sequence generator returns to the program which was interrupted.

The central processor performs the data manipulation by adding, sub-

tracting, shifting, etc., within a group of central registers, adder, and

parity block. The functions of the registers are as follows:

A Register
Accumulator. Stores the results of ari'khmetic

processing.

LP Register Stores the least significant portions of the

product of a multiply instruction.

13 Register Used to complement (by reading the reset: side

of the register), as temporary storage, and as

a buffer.

:[

[

<iiiii_!i_

!_ii_i¸
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Z Register Program counter. Contains address of next

instruction. Incremented by one as each instruc-

tion is perforrned. (Instructions are usually

stored in memory sequentially. )

Q Register
If transfer control occurs the cortents of Z are

read into and stored in Q until interrupt is com-

pleted. Enables interrupted program to restart

at the proper instruction. Also used in division.

Stores remainder in complemented form.

Input 0, 1, Z, 3 Refer to Input section description.

Output 0_ I, 2, 3 Refer to Output section description.
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S Register

Provides access to and fron_ menlorv. Shifting, _*i:

under program control, takes place in this G_.,_:

register. Parity bit is removed and restored

in this register.

Contains address of word to be called from

memory. If word is in fixed memor\, this

selects word in conjunction with BANK

register.

BANK Register Selects bank in fixed memory. Operates in

conjunction with S register.

SQ Register Stores 4 bi_ order code of instruction word.

X, Y, U Registers These registers form the adder. Two numbers

to be added are placed in X and Y. The result

is stored in U.

Parity Circuit The" parity circuit checks the parity of words

corrAng from memory to be Odd. If parity is

not correct, this circuit generates a parity

alar_n. Words being returned to memory are

given the proper parity bit by this circuit.

Data flow within the central processor is initiated by an instruction.

A data word is brought from memory to the O register. The G register

provides temporary storage of the word unti._,it is needed. If the word

came from erasable memory, it will usually be written back into the same

location during the same memory cycle time it is transferred to the G

register. (This is not necessary for words from fixed memory, as

readout is not destructive.) The word is then routed to the parity circuits

for a parity check and to have the parity bit removed. The sequence

generator next controls the transfer of the data word to the other registers

_or processing. If the result of the processing is to be written back into

memory, the word is transferred back into the O register, the parity bit

is added, and the word transferred back to memory. If the processing

consists of arithmetic functions, it is performed in the adder (X, Y, and

U registers). The AGC has the capability to add only; therefore, sub-

traction, multiplication, and division are performed by complementing

and/or shifting, then adding.

Memory. The AGC memory consists of two sections. The largest section

'is the fixed memory. This is a rope core type having a capability of

24, 576 sixteen bit words. Readout is non-destructive and the data con-

tained cannot be changed. All pern_anent, pre-determined data, such as.

programs, tablesl constants, star and landmark angles, etc. , are

contained in this section. Addressing the data contained in the fix'ed

Mission
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section is accomplished by the S and BANK registers. A smaller erasable

section provides temporary storage for transient data. Erasable men_ory

is a coincident-current core array with a capacity of 10Z4 sixteen bit words.

Readout is destructive so if data is to be retained, it is necessary to write

the data back into the location when it is read out. Addressing the data

contained in erasable memory is done by the S register.

Timing. The timing section generates the synchronization pulses for AGC

operations and timing pulses for other spacecraft systems. The timing

section is divided into the following functional groups:

Clock Divider

Scalers A and B

This group contains the basic clock

oscillator which has a 2. 048 mc frequency

divided to time various AGC logic functions

and certain outputs, clock the time pulse

generator, and driveScaler A.

Scaler A contains 17 binary dividers pro-

ducing signals of various frequencies used

within the AGC logic, as reference to the

PSA, and to drive Scaler B. Scaler IB

contains 16 binary dividers producing

timing signals to the Input l register for

maintaining real time when the AGC is in

standby.

Scaler> A and B are used in conjunction

,;v_tn the Inl:,_._ 0 register, _ _' , _,,_

TIME g counters to provide real time.

Time Pulse

Generator

Produces 12 basic timing pulses which

define action times. These pulses are

used to control internal sequencing of

data processing.

Memory Pulse

Generator

This group provides timing pulses to fixed

and erasable memory to synchronize read

and write operations.

Start-Stop Logic The start-stop logic generates three

commands. A monitor stop command

inhibits the time pulse generator and s_ops

AGC data word flow. A monitor start

command generates the third signal which

is a clear command to the sequence

generator.

E
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2.3.3•3.2 Display ancl Keyboard.

The DSKYs facilitate intercommunication between the flloht crew and

the AGC. (See figure 2.l-4).) The DSI(Ys operate in parallel, xvith the main

display console DSKY providing AGC display and control while the c_ew are

in their couches. The two condition lights provided at the main display con*

sole DSKY are COMPUTER. FAIL, which is a gross AGC failure indicator.

and KEY RLSE, which is a request to the crew to release the DSKY circuit.s

to internal AGC program use The main display console DSKY also has an

UPTEL switch which enables the AGC to accept or block telemetered data !

from MSFN. The DSKY at the lower e_tuipment bay contains the remainder

of the co_dition lights: PR.OG ALM, RUPT LOCK, PARITY FAIL, TC

TRAP, TM FAIL, COUNTER FAIL, SCALER FAIL, CHECK FAIL and KEY

RLSE. All the condition lights except KEY RLSE are failure indicators.

(KEY RLSE is a request for the crew to release the DSKY circuits to

internal AGC program use.) This DSKY also has a TEST ALARM pusL-

button which is wired to the alarm relays to provide a ch_ck of the warning

lights. The electrolurninesce_t displays are identical on each DSKY and

ahvays display identical data. The intensity of these displ&ys is controlled

by the BRIGHTNESS thumbwheels.

The exchange of data between the flight crew and the AGC is usually

initiated by crew action; however, it can also be initiated by internal

computer programs. The exchanged information is processed by the

DSKY program. This program allows the followin'g four different modes

of operation:

Displa;, of Internal Data_Both a one-shot display and a periodi-

cally updating display (called monitor) are provided.

Loading External Data--As each numerical character is entered,

it is displayed in the appropriate display panel location.

Program Calling and Control--The DSKY is used to initiate a

class of routines which are concerned with neither leading nor

display• Certain routines required instructions from the operator

to determine whether to stop or continue at a given point.

e Changing Major lVfode--The initiation of large scale mission phases

can be commanded by the operator.

The data involved in both loading and display can be presented in

either octal or decimal form as the operator indicates. If decimal form

is chosen, the appropriate scale factors are supplied by the program.

Decimal eutries are indicated by entering a sign (+, -).

Keyboard Operation. The basic language of communication between the

operator and the AGC is a pair of words known as verb and noun.. Verb

and noun codes are defined in figures 2.2-5 and Z.Z-6, respectively. Fach

L_il::i!:!_
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of these is represented by a two-character octal nun]be1". The verb code

indicates what action is to be taken (operation); the noun code indicates to

what action is applied (operand). Typicalverbsare those for disp]ayi'ng and

loading. Nouns usual!y refer to a group of erasable registers within the

computer memory, The PP_OGIKAM, VERB, and NOUN displays provide

two digit numbers which are coded octal numbers describing the action

being performed. The REGISTER I, 2, and 3 displays provide display of ,

the contents of registers or nqemory locations. These displays are

numbers which are read as decimal numbers if a sign (+, -) is present and

octal numbers if no sign is used. The REGISTEP_ displays operate uncier

program control unless the contents of a specific register or memory
location is desired. The crew may request display of the conteqts of a

specific register or memory location by commanding the display from the

keyboard. The only other displays are the ACTIVITY lights \_hich indicate

whether the computer is computing or accepting telemetry from MSFN.

The keyboard provides 18 keys which, when pressed, generate a

five bit signal representative of the key pressed. The +, -, and 0-9 keys

are used for numerical entries, while the CLEAR, ENTER, VERB, NOUN,

KEY RELEASE, and ERROR RESET keys provide instructions. The TEST

ALARRi key is wired to the alarm relays and provides a check of the

warning indicator lights with the exception of SCALER FAIL. The main

display console DSKY UPTEL switch enables or inhibits the acceptance

of telemetry from 3/[SFN. The function of each of the keys .is as follows:

0-9 Enter numericz] data, addresses, and

action codes.

VERB Commands AGC to accept the next two

numbers as verb code data. ,Verb display

is blanked until numbers are entered.

NOUN Commands AGC to accept the next two

numbers as noun code data. Noun display

is blanked until numbers are entered.

ENTER Instructs AGC to accept keyed-in data as

completed and initiate operation specified

by data word.

CLEAR Enters all zeros in data register being

loaded. Each successive pressing of this

key clears the next higher register.

KEY RLSE Release the DSKY circuits and displays for

use by the AGC program being exec'Ated.

ERROR RESET Momentarily resets AGC failure lights.
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(+) and -.) Denotes sign of data to follow. Deuotes

that following data is decimal.

TEST ALARM Sets relays to illuminate LEB DSKY con-

dition lights (except SCALER FAIL) to

ensure proper operation. (LEB DSKY

only. )

UPTEL Sets AGC input registers to accept or

inhibit telemetered da_a from MSFN.

DSKY only. )

(MDC

BRIGHTNESS Provides control of intensity of electro-

lumine s cent dis p!ay s.

The lower equipment bayDSNY provides nine condition lights of which

eight are failure indicators and the remaining light a request for action.

The function of each is as follows:

PROG ALM The AGC program being executed has

detected an error.

COUNTER FAIL, Detected failure in input timing pulses.

Either interrupt or circuitry failed. Inter-

rupt failure is denoted by RUPT LOCK

failure indicator illumination.

Intcrrupt failed to occur or was not com-

pleted within specified time.

TC TRAP Transfer control instruction has not occurred,

or has occurred but was not completed within

a specified time.

SCALER FAIL Failure detected in AGC timing section.

PARITY FAIL Parity failure detected in data read from

memory.

TM FAIL Telemetry word rate to MSFN either too

high or too low. Telemetry word rate from

MSFN too high or incorrect transmission

of data.

CHECK FAiL Attempted illegal DSKY operation. Normally

operator error.

KEY RLSE Flashes to indicate AGC program in opera-

tion requires DSKY circuitry to continue.
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The standard procedure for the execution of keyboard operations

consists of a sequence of seven key depressions"

VERB V 2 V] NOUN N 2 N1 ENTER

Pressing the VERB key blanks the two verb lights on the DSKY and clears

the verb code register in the AGC. The next two numerical inputs are

interpreted as the verb code, in octal form. Each of these characters

is displayed by the verb lights as it is inserted. The NOUN key operates

similarly with the DSKY noun lights and AGC noun code register. Pressing_

the ENTER key initiates the program indicated by the verb-noun com-

bination displayed on the DSKY. Thus, it is not necessary to follow a

standard procedure in keying verb-noun codes into the DSKY. it can be

done in reverse order, if desired, or a previously inserted verb or noun

can be used without rekeying it. No action is taken by the AGC in initia_ing

the verb-noun-defined program until the ENTER key is actuated. If an

error is noticed in eitLer the verb code or noun code prior to actuation of

the ENTER key, it can be corrected simply by pressing the corresponding

VERB or NOUN key and inserting the proper code. The ENTER key should

not be actuated until it has been verified that the correct verb and noun

codes are displayed.

•If the selected verb-noun combination requires data to be loaded by

the operator, the VERB and NOUN lights start flashing on and off (about

once per second) after the ENTER key is pressed. Data is loaded in fiVe-

character words and, as it is keyed in, it is displayed character-A_y -

character in one of the five-position data display registers, REGISTER l,

REGISTE]{ Z, or REGISTER 3. Numerical data is assumed to be octal

unless the five-character data word is preceded by a plus or minus s_gn,

in which case it is considered to be decimal. Decimal data must be loaded

in full five-nunneral character words (no zeros may be left out); octal data

may be loaded with high order zeros left out. If decin-_al is used for any

component of a _<qu!ticomponent load verb, it nqust be used for all con_-

ponents of that verb. In other words, Ho mixing of octal and decimal data

is permitted for different co_wponents of the same load verb. The Eb_TER

key n_ust be pressed after each data word. This tells the program that the

numerical word being keyed in is con]plete. The on-off flashing of the

VERB-NOUN lights terminates after the last ENTER key actuation of a

loading sequence.

The CLEAR key is used to rerqove errors in loading data as it is

displayed in REGISTER ], REGISTER Z, or REGISTER 3. It does nothing

to the PROGRAM, NOUN, or VERB lights. (The NOUN lights are blanked

by the NOUN lfey, the VERB lights by the VERB key.) For single-

component load verbs or "machine address to be specified" nouns, the

CLEAR key depression performs the clearing function on the particular

register being loaded, provided that the CLEAR key is depressed before

the ENTER key. Once the ENTER key is depressed, the CLEAR key does

nothing. The only way to correct an error after the data is entered for

GUIDA!",_CE AND iN AVIGA'ilON SYSTEM
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a single-component load verb is to begin the load verb again. For two-

or three-component load verbs, there is a CLEAR backing-up feature.

The first depression of the CLEAR key clears whichever register is being

loaded. (The CLEAR key may be pressed after any character, but before

its entry.) Consecutive CLEAR key actuations clear the data display

register above the current one until REGISTER 1 is cleared. Any attempt

to back up (clear) beyond REGISTER 1 is simply ignored. The CLEAR

backing up function operates only on data pertinent to the load verb which

initiated the loading sequence. For example, if the initiating load verb

Were a "write second component into" type only, no backing up action

would be possible.

The numerical keys, the CLEAR key, and the sign keys are rejected

if depressed after completion (final entry) of a data display or data load

verb. At such time, on!y the VERB, NOUN, ENTER, ERROR RESET, or

KEY RELEASE inputs are accepted. Thus, the data keys are accepted

only after the control kcys have instructed the program to accept them.

Similsrly, the + and - keys are accepted only before the first numerical

character of REGISTER !, REGISTER g, or REGISTER 3 is keyed in and

at no other time. The 8 or 9 key is accepted only while loading a data

word which is preceded by a + or - sign.

The DSKY can also be used by internal computer programs for

subroutines. However, any operator keyboard.action (excep; ERROR

RESET) inhibits DSKY use by internal routines. The operator retains

control of the DSKY until he wishes to release it. Thus, he is assured

that the data he wishes to observe will not be replac,zd by internally

initiatad data displays. In general, it is recommended that the operator

release the DSKY for internal use when he has temporarily finished with

it. This is done by pressing the KEY RELEASE key.

Verb-Noun Formats. Thc verb-noun codes are defined in figure.s 2. Z-5 and

Z.2-6. A noun code may refer to a device, a group of computer registers,

or a group of counter registers, or it may simply serve to convey informa-

tion without referring to any particular computer register. The noun is

made up of 1, 2, or 3 components, each component being entered sep-

arately as requestedby the verb code, As each component is keyed, it is

displayed on the display panel with component 1 displayed in REGISTER 1,

component Z in REGISTER 2, and component3 in REGISTER 3. There are

two classes of nouns: normal and mixed. Normal nouns (codes 01 through

54) are those whose component members refer to computer registers which

have consecutive addresses and use the same scale factor when converted

to decimal. Mixed nouns (codes 55 through 77) are those whose component

members refer to nonconsecutive addresses or whose component members

require different •scale factors when. converted to decimal., or both.

A verb code indicates what action is to be taken. It also determines

which component member of the noun group is to be acted upon, For
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example, there are five different load verbs. Verb 2] is required for
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loading the first component of the selected noun; verb 22 _oads the second

component; verb 23 loads the third component; verb 24 loads the first and

second component; and verb 25 loads all three components. A simibar

component format is used in the display and monitor verbs. ]_-here are two

general classes of verbs: standard and extended. The standard verbs

(c(%des 0] through 37) deal mainly with loading, displaying, and monitoring.

data. The extended verbs (codes 40 through 77) are principall}, concerned

with calling up internal progran)s whose function is system testing and
!

operation.

\Vhenever data is to be loaded by the operator, the VERB and XOUX

lights flash, the appropriate data d{spiay register is blanked, and the

internal computer storage register is cleared in anticipation of data load-

ing. As each numerical character is keyed in, it is displayed in the proper

display register. Each data display register can handle only five numerical

characters at a time (not including sign). If an attempt is made to ke\ in

more than five numerical characters at a time, the sixth and subsequ¢nt

characters are simply rejected but they do appear in the display register.

The + and - keys are accepted prior to inserting the first numerical

character of REGISTER•I, REGISTER Z, or REGISTER 3; if keyed in at

any other time, the signs are reiected. If the 8 or 9 key is actuated At

any time other than while loading a data word preceded by a + or - sign,

it is rejected and the CHECK FAIL light goes on.

The normal use of the flash is with a load verb. However, there are

two special cases when the flash is used with verbs other than load verbs.

O Xiachine Address to be Specified--There is a class of nouns

available to allow any machine address to be used; these are

called "machine acldress to be specified" nouns. When the

"ENTER", which causes the verb-noun combination to be

executed, senses a noun of this type the flash is immediately

turned on. The verb code is left unchanged. The operator

should load the complete machine address of interest (five-

character octal). This is displayed in REGISTER 3 as it is

keyed in. If an error is made in loading the address, the

CLEAR key may be used to remove it. Pressing the ENTER

key causes execution of the verb to continue.

Change Major Mode---To change major mode, the sequence is

VERB 37 ENTER. This causes the noun display register to be

blanked and the verb code to be flashed. The two-character

octal major mode code should then be loaded. For verification

purposes, it is displayed as it is loaded in the noun display

register. The entry causes the flash to be turned off, a.request

for the new major mode to be entered, and a new major mode

code to be displayed in the PROGRAM d_splay register.
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V e r b  c o d e s  01 t1,roclgh 37 d e n o t e  
s t a n d a r d  v e r b s .  

Oi 1 D i s p l a y  1 s t  c o m p o n e n t  of P e r f o r m s  o c t a l  d i s p l a y  o l  d z f a  on REGISTER I .  I 
(11 I i l i s p l r y  2nd c o m p o n e n t  of P e r f o r m s  o c t a l  d i s p l z y  of d a t a  o. REGISTER 1 .  I 

D i s p l a y  1s t  and 2nd 
c o m p o 3 e n t s  of 

O i  I Di5ploy 3rd  component  of 

P e r f o r l n s  o c t a l  d i s p l a y  of d a t a  o n  REGISTER 1  and HEC!STER 2 .  

P e r f o r m s  o c t a l  d i s p l a y  o f  da:a on  REGISTER 1 ,  REGISTER 2.. AND REGISTER 3 .  

P e r f o z m s  o c t a l  d i s p l a y  of d a t a  on REGISTER 1.  

I j i sp lay  l s t ,  Znd, and 3rd 
cot7 porient of  

r ) ~ s ; l l a y  a l l  c o n ~ p o n r n t ( s )  of I J e r f o r r n s  dec imi t l  dis!:iay of r!.ata o n  a p p r o p r i a t e  r e g i s t e r s .  T h e  s c a l e  f a c t o r s ,  t y p e s  
o f  s c a l e  f a c t o r  r o u t i n e s ,  a n d  con1po:lcnt infor rna l icn  a r e  s t o r e d  within 1hc m a c h i n e  
for. e a c h  ricun whict. i t  i s  r e q u ~ r e t l  t o  d isp lay  l r l  rlecinlal .  

P e r f o r m s  a  doublc  p r e c i s i o n  dccirl-:al d isp lay  of clata on  REGISTER I ;nd REGISTER 2 .  
I t  d o e s  no s c a l e  fac tc , r lng .  I t  ;,ic>rely i w r f n r r n s  a 1 0 - c h a r a c t e r .  i r a c i ; o n a l  dec i rna l  
c o n v e r s i o n  o f  two consccu!ive,  e r a s a b l e  registers, u s i n g  HEGiSTEH 1 afid REGIS-  
TEE 2 .  The s i g n  i s  p laced  In tile REGISTER 1 ' ign ~ m s i t i o n  wLrh trle XEGLSTER 2 
s i g n  pos i t ion  r e m a i n i n g  b lank .  I t  c a n n o t  b e  u s e d  w ~ t h  m i x e d  nouns .  Its  in tended u s e  
is  p r i m a r i l y  with " :nachi~ie  acid;-ess t o  be specified" nouns .  

131; d e c i r ~ t a l  d isp lay  

E n t e r  r e q u e s t  l o  w a i t l i s t  
(tSsed only d u r i n g  g r o u n d  
checkoilt .  ) 

E n t e r s  r e q b e s t  t o  " w a l t l ~ s i  routine" f o r  any  machine a d d r e s s  w ~ t h  de lay  ~ n v o l v e d  
T h l s  v e r b  a s s u m e s  t h a t  thc d e s l r c d  n u m b e r  o l  10-rr.iliisecorid unlt. o i  d e l a y  h z s  
been loaded  ~ n t o  the  low o l d e r  b1t5 of the  p r l o / d r l a y  r e g i s t e r  (noun 26)'. T h i s  v c r h  
1s u s e d  with t h e  " r n a c h l n ~  a d d r e s s  t o  be s p e c ~ f i e d "  noun. Thc  c o m p l e t e  a d d i e 5 s  o f  
i'n- des : red  l o c a t i o n  i s  t h n n  L r y e c l  In. ( R e f e r  t o  "~Machlne  a d d r e s s  t o  be s p e c i f i e d "  
In p a r a g r a p h  on Verb;I\ iot~n F o r m d t ~ . )  

1 .  r - I h l ~ n r t o ;  :c: ;umpzn-n: I P e r f o r m s  o c t a l  d ~ % p l 2 y  of uprlated d r t a  e v e r y  I / L  s e c o n d  on  REGISTER I .  
I I 

I ?  / M o n i t o r  2 n d  c o m p o n e n t  of P e r f o r m s  o c t a l  d i s p l a y  of updated  d a t a  e v e r y  i / Z  s e c o n d  on REGISTER I .  I 
13 1 i l o n i t o r  3rd  c o m p o n e n t  of P e r f o r m s  o c t a l d i s p l a y  of updated  d a t a  e v e r y  l / Z  second on  REGISTER 1 .  I 

?.lonitor 1s t  and  2nd 
cornponetit of 

P e r f o r n ~ s  o c t a l  d i s p l a y  of updated  d a t a  e v e r y  I!?. s e c o n d  o n  REGISII'ER 1 and 
I lECISTER 2 .  

I S  1 hioni tor  l s t ,  2nd, snd  
3 r d  component  o i  

1 

P e r f o r m s  o c t a l  d i s p l a y  of updated  d a t a  every 112 secolld on REGISTER 1, 
REG!STEH 2 ,  and REGISTER 3. 

16  [ l l o n i t o r  al! componer , t s (s )  ( P e r f o r m s  d e c i m a l  d i s p l a y  of updated  d a t a  e v e r y  112 s e c o n d  on a p p r o p r i a t e  r c g i r ; . t e ~ s  

P e r f o r m s  double p r e c ~ s i o n  d i s p l a y  of d e c i m a l  d a t a  on  REGISTER 1 and RECIS'i'EIr 2 .  
No s c a l e  f a c t o r i n g  is  p c r f o r ~ ~ l e d .  F r o v l d e s  I 0 - c h a r a c t e r .  f r a c t i o n a l  d e c ~ r f i a l  c o n -  
v e r s i o n  of t w o  c o n s e c u t i v e  e r a s a b l e  registers. 'The s i g n  i s  placed  in the s ~ g n - b i t  
pos i t ion  o f  REGISTER 1 .  HEC<IST!::R 2 s l g n  b ~ t  is b lank .  

E c t e r  r c q u c s t  t o  e x r ~ c u t i v e  
( U s e d  only d u r i n g  gx.ound 
checkout .  \ 

E n t e r s  r e q u e s t  t o  execut ive  rout ine  for  any rl-lactline a d d r e s s  v:ith p ; l o r ~ t y  involvcd  
T h l s  .r.erb a s s u r n e s  tkLat the  d e s ~ r e d  priority ! ]as  been loaded Into b ~ t s  !0-14  of the 

pr , .o /de lay  r e g l s t e r  (noun 26) .  T h i s  v e r b  i s  u s e d  with tile noun. " r n ~ c - h i n c  a d d r e s s  

t o  be s p e c i f i e d " .  T h e  c o m p l e t e  a d d r e s s  of tl>c d e s i r e d  location 1s then  keyed In. 
( R e f e r  t o  "&Machine a d d r e s s  to bc s p e c ~ f l e t l "  ln  p a r a g r a p h  on \:'el.b/i<oun F o r m a t s .  > 

F'igure 2 . 2 - 5 .  V e r b  Li.st (Sheet 1 of 3 )  

i iv r i te  1s t  co tnponcct  i n t o  

- - - . -  u - . ~ - , -  . -  -----__ - - - - - - - - - - . L _  

C;IJIlIAT;;CL;; AND ?:IIVZGATION SYSTEM 

P e r f o r m s  d a t a  loading. O c t a l  qua:l tr t les a r e  u*ls rpncd .  Dec~:n . l l  q ~ a n t l t i e s  a r e  
p r e c e d e d  b y  I cr - s:gn. Data  i s  d ; s p ; a y c d  on REGISTER I .  

1 2 N o v 1 9 6 6  - 2 . 2 - 3 0  >*ji!;s~ol: .-_.--__.- Basic  Gat(. --. .---_ ~ h a r ~ g e  Date. ,__.-'-__-, Page _---z_.-__--. 
i. 

1. 



SYSTEAIS DA-lT--l r"lY,P" "Y 

- -  
R e m a r k s  . ..L,-vT n 

q u a n t l t l e s  a r e  u n s ~ q n e d  D e c ~ m a l  q u a l ~ t i t i r s  a r e  

p r e c e d e d  !>! - o r  - sign D a t a  I S  d l sp1a)ed  on  SIZGISTER 2 4 

',Vri,te 3rd  co!l>?onent in to  P e r f o r i n s  d a t a  loatl ing.  O c t a l  quanti t le 's  a r e  uns igned .  D e c i m a l  q u a n t i t i e s  a r e  
p r e c e d e d  by + o r  - s ign .  D a t a  i s  d i s p l a y e d  on REGISTER 3. 

I \l r:tc 1.t and 2nd I colnponent in to  
P e r f o r m s  d a t a  loading .  Octa l  quant i t ies  a r e  u n s i g n e d .  D e c l t > ~ i l  quantities a r e  
p r e c e d e d  by + o r  - s i g n ,  D a t a  i s  displayed on REGISTER 1 and R E G I S T E R  2 .  

( 3 p a r e )  

( S p a r e )  

( S p a r e )  

Fl?ri;k I I i sp la \  

\:'rite ! s t ,  Zrid, and 3rd  P e r f o r ~ n s  d a t a  loading .  O c t a l  q u a n t i t i e s  a r e  uns igned .  D e c ~ m a l  q u a n t i t i e s  a r e  \ 

T h i s  v e r b  i s  11:cluded t o  p e r m i t  d i s p l a y ~ n g  the  c o n t e n t s  of fixed r r c m o r y  in ally bank. 
I t s  in tended u s e  i s  f o r  c h e c k i n g  p r o p r a m  r o p e s  and  the B=\XK pos i t lon  o i  p r o g r a n l  

cozT.ponent in to  

P r o c e e d  witiiout da ta  

p r e c e d e d  by + o r  - s i g n .  D a t a  i s  d ~ s p l a j e d  on REGISTER I ,  REGISTER 2 ,  and  
REGISTER 3 .  

I n f o r m s  rout ine  r e q u e s t i n g  d a t a  to be loaded  tha t  t!;e o p e r a t o r  c h o o s e s  not t o  load 
f r e s h  d a t a ,  but w i s h e s  t h e  rout ine  t o  cont ine  a s  b e s t  i t  c a n  with old d a t a .  F i n a l  
d e c ~ s i o n  i o r  what a c t i o n  shoultl  bc t a k e n  i s  left  t o  r e q u e s t i n g  r o u t i n e .  

I n f o r m s  rout ine  requesting d a t a  t o  be loaded  r!lat the o p e r a t o r  c h o o s e s  r.ot t o  load  
f r e s h  d a t a  and wis l les  the  routine 'o t e r m i n a t e .  F i n a l  d e c i s i o n  f o r  w!lat a c ~ i o n  should  
be t a k e n  is  left  t o  r e q u e s t i n g  r o u t l n e .  If  non nit or i s  o n ,  ~ t  i s  t u r n e d  off. 

F r e s h  s t a r r  1 I n i t i a l i z e s  the p r o g r a i n  c o n t r o l  s o f t w a r e  and t h e  k e > . b o a r d  and c l ~ s p l a y  s y s t e m  prf jgrar l i  

Cl~angt? m a j o r  t ~ l o d e  t o  Change  t o  new m a j o r  m o d e .  ( R e f e r  t o  "Cllangp t n a j o r  rr.odeU in  paragrap!] on  V e r b -  I x o u n  P o r i n a t s . )  

V e r b  c o d e s  40 t h r o u g h  7 7  denote  
e x t e n d e d  v e r b s .  

l l u s t  be u s e d  with noun 20  (ICDU) o r  noun 55 (OCDU) only.  S c t s  t h e  CDU r e g i s t e r s  to 
z e r o .  

\ l u s t  be u s e d  with noun 20 (ICDU) o r  noun 55 (OCDC) only.  

I F:ne a l ign  I \ l V  I C a l l s  u p  p r o g r a m s  t h a t  p e r f o r ~ n  t h e  ind ica ted  G 6 S  s y s t e m  p r o c e d u r e s  

I l . lch i i l L  I C a l l s  up  p r o g r a m s  tl:at p e r f o r m  t!~e indica ted  G 6 S  s y s t e n ,  p r o c e d u r e s  

I 5 e i  1 l l ~  ESTRI. I C a l l s  u p  proe , rnrns  tha t  p e r i o r n l  ti.? ind ica ted  G a Z  s y s t e m  p r o c e d u r e s .  

Se t  I \1U to .ATTITUDE 
COSTROL,  

C a l l s  u p  p r o g r a m s  tha t  p e r f o r m  the ~ n d ~ c a t e d  GL.S s y s t e : n  p r o c e d u r e s .  

F i g u r e  2. 2 - 5 .  V e r b  List (Shee t  2 of 3) 

X e t u r n  I \ l L  to c c ~ a r s c  
a i ign  

h l i s ~ i o n _ ~  - Ensic  Date  l 2  lOb6  Change  Da t e -  p a  g --&.ZL.: ---..,- 2 2 

:. P 
4 
c 3 4 "  . .". p .  'T;C7.,. r C  --,. , ' , .*.z7-?pT>I ,, < %TP.^,>73 .,;, >>," '  r % P T  .:' .. . . c?.-*-L:l~~T+.:.- ,?, 

= ..C. .:-.*,,f-.i. .>=~;~>~,~:.~-;.::::::::::::1. ;*;I.'7LY~-y.. ): 7.:>5p;:.;.3i" :'"J < ~l;-y?>r,:.-.r';iCr: :-i\i.w.;p ":.-,?>*'. .;. *;i7;r:-1;51..~'$,r~~?~.<'-= - ' 2 . r " + T " < . > . . ~ i j * - ~ K  c;rr*.rj:y-'<z -.< .+ ?, , -,.,&>T, .T .c<*. . . ' I ,  . ' ,.:.:. ,.....,,. , ' .. . . . , '  . . .  ....... . . .  > .  . , . . . .  .:.: - , ., , ,  . , .  . . , ,., . ., . .  . . .  . . '  
.- . ... ,... : ..A,.. , . .  " . .., 

. . 

C a l l s  up  p r o g r a m s  tha t  p c r f o r n ~  the  ~ n d ~ c a t e c i  C & S  s y s t e m  p r o c e d u r e s .  



i t c r ! .  1 
(: o c; r. D c s c r l p t ~ o r r  

Rcrnarlcs -- ..------*- 

T h i s  v c r b  i s  u s e d  nn!y by ~ n t e r n a l  rotiniir les t h a t  w ~ s ! ~  the o p e r a t o r  t o  p r r f o r i n  a 

I c e r t a i r i  t a s k .  I t  should  n e v e r  be keyed 111 b y  the  o p e r a t o r .  It i s  u s u a l l y  u s e d  w i t h  

noun 2 5 ,  " c h e c k l i s t . "  The codetl numbel.  i o r  tile checklist i t e r n  to be p e r f o r m e d  i s  
" 

d i s p l a y e d  in REGISTER 1 by t h c  r c r l u e s t i ~ l g  routirie.  

Xlark I e j e c t  

F r e c  

P u l s e  t o r q u e  g y r o s  

T h i s  v e r b  i s  u s e d  only by ~n!i-rn;tl r o u t l n c s  tilat r e q u e s t  thc  o p e r a t o r  to " m a r k " .  I t  

should  n e v c r  kc keyed I I by the o p e r a t o r .  I t  i~ usual ly  u s e d  wi th  nnun 33, " s t a r  

n u ~ n b e r s " .  T h e  rlumbei-s of tile s t a r s  to  be m a r k e d  a y e  d i s p l a y e d  irl I<E(J-IS'I'EJI 1, 
REGISTER 2 ,  and  REGISTER 3 by t h e  requesting r o u t i n i t .  The o p e r e t o r  should  i n d i -  

c a t e  completion cf e a c h  va l id  m a r k  by prar-;iirle t h e  h t A R K  button.  I-ie s'iiould neve r  

p r e s s  ENTER xvith v e r b  51. 

i l c ~ e c t s  " m a r k "  and  r e t u r n s  to v c r b  51.  Must  be cn:c~l  c d  v/lthlr, 20  :,econcls of 

pressing MtlRi< button.  

Call- ,  u p  p r o g r a m s  th;t p e r f o r i n  tllc i r . d ~ c a t c d  Cr?:i.! c . y s t c m  p r o c c d u r c s .  U s e d  onl)  

with noun 20  { ICDU)  o r  1io;in 55 (OCDU). 

Calls  u p  p r o g r a l n s  t h a t  p e r f o r m  the indlca:ed C;E,N sys tem p r o c e d a r c s .  

56  / P e r f o r m  BANK sun1 
I I 

p a r z m e t e  r s  

C a l c u l a t e  tiir-ie of a r r i v a l  , 

57 

bG 

G I  

t12 

5 

C a l c u l a t e  la t l tude  and 
longltedc a t  spec i f ied  t i m e  

Sysiel-n t e s t  ( U s e d  only 
dilr lng ground checkout .  ) 

P r e p a r e  for s tandby 

I l e c o v e r  f r o m  s tandby 

( 5 p a r e )  

( S p a r e )  

C a i c u l a t c  niaxirnurn 
d e c l l n a t l o n  and t i m e  of 
a r r i v a l  

I R c r u r n  to E a r t h  a i t n  
p o ~ n t  update 

O r l ~ i t  changc  a im  pain: 
u p d a t e  

l5anuai  I l i t-off  f o r  .(lights 

R .  v .  1. update ( s i a t e  
vccror l  

R .  Y. T .  d r n o t e s  pos i t ion ,  . ~ e l o c i t y ,  and t i m e  

F i g u r e  2 . 2 - 5 .  V e r ' b  List (Sheet 3 of 3) 
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SYSTE>/IS DAT-1 
-- -. F' ' ---. > -]--::z r . .  

Noun r.r {, ,. 
Y )Jn 

Curie Scale  / l J n ~ t s  
C o d e  D e s c ~ l p t i o n  S c a l r  ' C  n i t s  

MOTE MQ'SE 2 2  h e % '  d n g l e s  I: 
X - R E G I S I F R  1 XXX XX dc:rt .cb 

Yo,l~l  c o d e s  0  I t h r o u g h  In S c a l e / U n ~ t s  )* -REGIST E R  z xxx x x 4 c l e c r e r s  

j 1 d e n o t e  n o r  n a l  n o u n s .  c o l u l n n  2 - K E G I S T T R  3 XXX XX d r r r e e s  , 

x - s l g n l f l c a n t  2 3  D e l t a  a n g l e s  I .  
d l g l t  X - R E S I S T E R  1 XXX X X  d r e r e e 5  

0  = z e r o  Y - R E G I S T E R  2 XXX XX d r e r e e s  

( a l w a y s  ) 2 - R E G I S T E R  3 XXX XX d e ~ r e e i  , 
3 - b l a n k .  1 

2 4  D e l t a  t ~ r n e  f o r  AGC c l o c k .  

01  Spec i f )  m a c h l n e  a d d r e s s  XXXXX 
R E G I S T E R  1 OOXXX h o ~ l r s  
REGISTER 2 OOOXX. r n i n u t r s  

02  Spec l ly  r n a c h l n e  a d d r e s s  XXXXX. R E G I S T E R  3 0 X X  XX s e c o n d s  

0 3  ( S p a 1 e )  
2 5  C l l e c k l ~ s l  ( U s e d  on!} \ . r l t ! ~  XXXXX 

v e r b  5 0 ,  " P l e a s e  p e r i o r ~ i "  ) 

04 ( S p a r e )  
C l > e c k l ~ s t  c o d e  nu inbe1  s  ( A p p e a r  

0 5  A n g u l a r  e r r o r  XXX. XX d e g r e e s  In  R E G I S T E R  I ) 

06 P l t c h a n g l e  XXX. XX d e g r e e s  0 0 0 0 1  SCS m o d e  t o  GP.N 
z t t ~ t u d e  c o n t r o l  

H e a d s  up-do \ \n  *00001 
COO02 S C S  [ n o d e  t o  G & N  

0 7  C h a n g e  of p r o g r a m  o r  m a j o r  D e l t a  V 

i n o d e  ( U s e d  o n l y  w i t h  v e r b  5 0 ,  
" P l e a s e  p e r f o r m " .  ) 0 0 0 0 3  SCS m o d e  t o  G & N  e n t r y  

10 ( S p a r e )  0 0 6 0 4  SCS mode t o  m o n l t o r  

I 1  I E n g ~ n e  o n  e n a b l e  ( U s c d  only with 00007  M a n u a l  a t t ~ t u d c  

v e r b  50 ,  ' P l e a s e  p e r f o r m " .  ) I n a n c n v r  r 

1 2  D e l t a  V a l l o w a b l e  XXXXX. f t f s c c  0001  1 Automatic o p t ~ c s  
positioning 

Del ta  V tarloff  XXXXX. f t / s s c  
0 0 0 1 2  T a r g e t  data entry 

1 3  Del ta  V  r n e a s u r c d  ( V e c t o r  XXXXX. f t / s e c  
magnitude. ) 0 0 0 1  3 S w ~ t c h  OSS t o  c o m p u t e r  

c o ~ l t r o l  

1 De l ta  V c o u n t e r  s e t t i n g .  XXXXX. f t f s e c  
0 0 0  14  F l n e  a l l g n  c h e c k  

15 I n c r e n ~ c n t  a d d r ~ s s  ( U s e d  only O c t a l  on ly  I d u r i n g  g r o u n d  c h e c k o u t .  ) 0 0 0 1 5  P e r f o r m  s t a r  
a c q u l  s l t l o n  

16  .AGC c l o c k  t ~ m e  
R E G I S T E R  1  OOXXX. h o u r s  0 0 0 3 1  E n g i n e  o n  

R E G I S T E R  2 000XX.  m l n u t e s  
R E G I S T E R  3 OXX. XX s e c o ~ l d s  0 0 0 3 5  P r e p a r e  AGC f o r  

t h r u s t i n g  

1 7  ( S p a r e )  
0 0 0 3 6  T h r u s t  t c i m i n a t e  

20  ICDL's 
X - R E G I S T F R  I  XXX. XX d e g r e e s  00041  C / M - S / h l  s e p r r a t l o n  
Y -RECIST13R 2 XXX.  XX d e g r e e s  
%-REG!STER 3 X X X ,  xx degrees 26 F'rlo/ciekay ( U s e d  o n l y  d u r i n g  XXXXX. 

g r o u n d  c h e c k o u t .  ! 

2 1  PIP4 c o u n t e r s  
X - REGISTI3R 1 X X Y X X ,  p u l s r r  27 S e l f  t e s t  O N - O F F  swi:ch XXXXX I 

i Y -iZEGI5TE!I 2 XXXXX. p u l s e s  
2 - R E G I S T E R  3  XXXXX. p111ses 30 S t ~ r  n u m b e r  XXXXX 

I I 
F i g u r e  2 .  2-6. Noun List  (Sheet 1 01 3) 

M i s s i o n  .-----_-- Basic D a t e ~ ~ ~ ~ , 0 _ 1 . ; ~ - ~ ~ ~ ~ ~ ~ ~ 1 1 a n ~ e  D a t e  _-;_e--=---sc-. 
2 .  2 - 3 3  P a g e  -= _" ---* .,,," 



!.:: ' \ : > ; ( ; I ,  ------- Basic D a ~ e - . ~ ~ - ~ ~ ~ ~ - ! - ~ ~ ~ - ~ , i 1 a n ~ c  :late --\-_--_ 
2 .  2 - 3 4  

€, +2 =-,..---r.,-.."....- 

SYS'TEMS 
*__r____._CI_CI_YI."--.- .-' -.- 

-----T- 1 
si'ur' I ~ c s c  r ip t iwn  s c a I e / U n i t s  C U G C  --+ --- - 

3 1  I;al!Llre r c g l s t e r  code 

t 
NOTE 

GULT)ANT,E AN13 N I ' I V I ~ A T I G X  SYSrl'.Ebi 

* 

O c t a l  o n l y  

O c t a l  o n l y  

Octa l  only 

OOXXX. h o u r s  
000XX.  m i n u t e s  
OXS. XX s c c o t ~ d s  

OOXXX. ' h o u r s  
000XX.  m i n u t e s  
OXX. X X  s e c o n d s  

X X B X X .  m i n u t e s ,  
s e c o n d s  

X X X .  X X  c l e g r c c s  

X X X X X .  f t / s e c  

X X X X .  X n a u t i c a l  
m i l e s  

XXXX.  X g ' s  

X X X X .  X n a u t i c a l  
m i l e s  

I 

E r r o r  c o d e s  a r e  d e f i n e d  
i n  p a r a g r a p h  2 .  2.2.  3 .  3 .  

, S c i f - : e s t  d i a g n o s i s  
REGISTEl l  2- 

S e l i - t c s t  d i a g n o s i s  
I i E G l S T E R  3 

1 
3 2  D e c i s i o n  t i m e  ( U s e d  o n l y  d u r i n g  

I a r c ~ > n d  c ~ i c c l t o t l t .  ) 

n n x  
_-.__ 

Noui-r 
C o d e  

43 

4 4  

45 

46 

47 

50 

5 1  

I 

_Y,,___C___ .---- -.Y-- -----I-----.---.-- 

D e s c r i p t i o n  + S c a l e  / U n i t s  ------ 
P e r i g e e  a l t i t u d e  

3 3  1 

3 4  

3 5  

36 

3 7  

ti0 

R E G I S T E R  1 

A p o g e e  a l t i t u d c  
HCGISTER 2 

F r e e  - f a l l  t i m e  
R E G I S T E R  3 

Lati tudc:  
R E G I S T E R  1 

L o n g i t t l d e  
R E G I S T E R  2 

A l t i t u d e  ( A b o v e  m e a n  e q u a t o r i a l  
r a d i u s .  ) 

REc:IS'1'ER 3 

E$~c !nc r i s  t i l f ie  ( U s e d  only d a r i n g  
grc><:nd checkout. ) 

E v e n t  t ime:  
R E G I S T E R  1 
REGISTER 2 
REGISTER 3 

P e l t a  e v e n t  t i m e :  
R E G I S T E R  1  
R E G I S T E R  2 
R E G I S T E R  3 

D e l t a  e y c n t  t i r n e  ( D i s p l a y  o n l y . )  

( S p a r e )  

G a ~ n n l a  (inertial f l i g h t  path 
ang!". ) 

R E G I S T E R  I 

spacec ra f t  X  -ax] s 
R E G I S T E R  3 

List  (Sheet  2 of 3) 

REGISTER 3 I X X B X X .  m i n u t e s ,  

XXXX.  X n a ~ t i c x l  
m i l e s  4 

XXXX.  X n a u t ~ c a l  
rni1.s 

X X B X X .  m i n u t e s .  
s c c o r r d s  

XXX.  S X  d e g r e e s  

, XXX..XX d e g r e e s  

XXXX.  X n a u t i c a l  
rni le 5 

X X X X X .  f t t s e c  

I 
.i.? ' Xl i s s  d i s t a n c e  

R E r J I S T E R  1  

Perigi :c  a!:itude ) I r . G i T r l 1  

: ' F ~ . ; . c - i a l \  t i m e  
i ~ X G I S T E R  ? 

P e r i g e e  a l t i t u d e  I XXXX.  X d e g r e e s  

. R E G I S T E R  I 

A p o g e e  a l t i t b d e  
R E G I S T E R  2 l):XXX. X d e g r e c i  

D e l t a  v e l c c i t y  r e q u i r e d  
R E G I S T E R  3 X X X X X .  f t l s e c  

T i m e  t o  e v e n t  
RESISTER 1 XXDXX.  m i n u t e s ,  

s e c o n d s  

' J c f o t i i y  to be g a i n e d  
REGISTER 2 X X X X X .  f t / s e c  

P c r i g e z  a l t i t u d e  
REGISTER 5 X X X X .  X nautical 

ml l e  s 

F l i g h t  p a t h  a n g l e  
1lEC;IS"I'ER 1 X X X .  X X  d e g r e e s  

M i s s  d i s t a n c e  
R E G I S T E R  2 X X X X .  X n a u t l c a l  

m i l e s  

T i m e  to evcint 
R E G I S T E R  1 X X B X X .  m ! n u t e c .  

s e c o n d s  

D e l t a  tirrrc: of b u r n  
R E G 1 S T E R  2 X X B X X .  m i n u t c 5 ,  

s e c o n d s  

T i m c  Lo e v e n t  
R E G I S T E P  1 X X R X X .  m i n u t e \ ,  

s e c o n d s  

V c l o c i t v  t o  h e  g . ~ i n e d  

I R E G i S T F H  2 X X X X X .  f r / s ~ c  

Mea=,ilrpd v e l o c i t y  c h a n g e  a l o n g  

- ^-- ----_ -.-* ~,-,II,-)--CI-U-U,. 

, I n e r t i a l  v i l o c i t y  
R E G I S T E R  2 

s e c o n d s  

X X X X .  X n a u t i c a l  
m i l e s  

X X X X . X  n ~ u t i c a l  
m i l e s  

X X B X X .  m i n u t e s ,  

4 l 

I 1 s e c o n d s  

F i g u r e  2 .  2 - 6 .  Noun 
--.---1---1-.- - - .  

Alt i tude  a b o v e  l a u n c h  p a d  
R E G I S T E R  3 

Xlaxitn~!rn a c c e l e r a t i o n  
REGISTER 1 

P e r i g e e  a l t i t u d e  
R E G I S T E R  2 

F r e e - f a l l  t i r n e  



X X .  X X X  G e g r e e s  

X X .  X X X  d e g r e e s  

- 

Description 

L a t ~ t u d e  
1 I E G I S T E R  1  

L o n g i t u d e  / 2 
R E G I S T E R  2 

A l t i t u d e  
I<EC. ISTER 3 

( S p a r e )  

S a r n p l e d  t ime  ( F e t c h e d  i n  
i n t e r r u p t .  ) 

R E G I S T E R  1 
REGISTER 2 
REGISTER 3 

S y s t e m  t e s t  r e s u l t s  ( U s e d  o n l y  
d u r i n g  g r o u n d  c h e c k o u t .  ) 

D e l t a  g y r o  a n g l e s :  ( U s r d  o n l y  
d u r i n g  g r o u n d  c h e c k o u t .  ) 

X -IRIG 
REGISTER 1  

Y -1RIG 
REGISTER 2 

Z -!RIG 
R E G I S T E R  3 

P i t c h  t r i m  
I IEGISTER ! 

Y a w  t r i m  
R E G I S T E R  2 

Del ta  v e l o c i t y  t a i l o f f  
R E G I S T E R  3 . 

D e l t a  p o s i t i o n  ( U s e d  o n l y  d u r i n g  
g r o u n d  c h e c k o u t .  ) 

Llel ta  v e l o c i t y  ( U s e d  o n l y  d u r i n g  
g r o u n d  c h e c k o u t .  ) 

( S p a r e )  

l > e l t a  p o s i t i o n  m a g n i t u d e  
REGISTER I 

D e l t a  v e l o c i t y  m a g n i t u d e  
R E G I S T E R  2 

M e a s u r e m e n t  a n g l c  c i r v i a t i o n  
RECIS'I'EH 3 

R - p o s i t i o n  ( U s e d  o n l y  d u r i n g  
g r o u n d  checkout. ) 

\ ' - ve loc i ty  ( U s e d  on ly  d u r i n g  
g r o u n d  c h e c k o u t .  ) 

(Sheet 3 of 3 )  

X X X .  XX n a u t t c a l  
m i l e s  1 

\ 

.\ <J:::'. 'T- C o d < .  ' I l c = c r l p t i o n  

OOXXX. h o u r s  
OOOXX, m i n u t e s  
OXX. X X  s e c o n d s  

SYSTEX*IS 

S c a l e / U n i t s  

- 

XXDXX.  m i n u t e s ,  
s e c o n d s  

X X X X X .  i t / s e c  

X X B X X .  m i n u t e s ,  
s e c o n d s  

XXXX.  X  g ' s  

X X D X X .  m i n u t e s  
s e c o n d s  

X X X .  X X  d e g r e e s  

XXXX.  X g ' s  

X X X .  X X  d e g r e e s  

XX.  XXX d e g r e e s  

X X X .  X X  d e g r e e s  

XX.  XXX d e g r e e s  

X X X .  X X  d e g r e e s  

XX.  X X X  d e g r e e s  

O c t a l  o n l y  

X X X .  XX d e g r e e s  

X X .  X X X  d e g r e e s  

XXXXX.  f t / s e c  

X X X X .  X n a u t i c a l  
r n i l e s  

X X B X X ,  m i n u t e s ,  
s e c o n d s  

F i g u r e  2. 2-6. Noun 

5 3  

5 4  

5 5  

56 

5 7  

G O  

6 1  

6 2  

X X .  X'XX d e g r e e s  

X X .  X X X  d e g r e e s  

DA'T-A 
- 
N o u n  C o d e  

6 3  

6 4  

65 

66 

67 

70 

7 2  

7 3  

74  

7 5  

7 6  

77  

List  

.-- 

T::??c ro rt-c:lt 

R E G I S T E R  1 

Vcloc;t!. to be g a i n e d  
R E G l S l E R  2 

T r e e  -{till t i m e  
REGI"7r  3 

\ l a x i ~ n u n ~  a c c e l e r a t i o n  
R E G l S T E R  1  

F r e e  -fa11 t i m e  
R E G I S T E R  2 

C o n ~ n ~ a n c l c d  r o l l  a n g l e  
RECiSIER 1  

1 7 r e s e n t  a c c e l e r a t i o n  
REGISTER 2 

EWTE 

N o u n  c o d e s  55  t h r o u g h  , 
7 7  d e n o t e  m i x e d  n o u n s .  

OCDGs: 
X (Shaf t  a n g l e s )  
R E G I S T E R  1 

Y ( T r u n n i o n  a n g l e s )  
R E G I S T E R  2 

U n c a l l e r l  m a r k  data :  
X (S!;iif: ar.gles) 
R E G I S T E R  1  

Y ( T r u n n i o n  a n g l e s )  
R E G I S T E R  2 

S e w  a n g l e s  - 0 C D U s :  
X ( S h a f t  a n g l e s )  
R E G I S T E R  1 

Y ( T r u n n i o n  a n g l e s )  
R E G I S I ' E R  2 

I \ l U  m o d e  s t a t u s  ( U s c d  o n l y  
d u r i n g  g r o u n d  c h e c k o u t .  ) 

T a r g e t :  ( U s e d  o n l y  d u r i n g  
g r o u n d  c h c  clcout. ) 

.Azimuth 
R E G I S T E R  1 

F. 'i .t:C):> 

i. - ''-ER 2 

D e l t a  \.cior . ty  i n s e r t i o n  
KEG!.j'l'ER 1 

>I:5, e ' 5 t a - c e  
RECI-., :R 2 

Frce  - f a i l  t ~ m e  
REGISTI.:R 3 

X X .  X X X  d e g r e e s  

X Y X .  Y X  degrees 

X X X .  XX d e g r e e s  

XXXXX.  ft!sec 

X X X X .  X n a u t i c a l  
r n l l e s  

X X X .  X X  degrees 

-- - --- - 

G U I D A S C E  A X D  I2AVIC;ATIO;V SYSTEM 

hi i s s ion  B ~ S ~ C  11ate-_1_2_so~r 1966  ~~~;t~~qf-~ate_,-~,- p a g e  2 . 2 - 3 5  



SMZA-03-SC012 

.4POLLO OPERATIONS HiiNDBOOK 

SYS?'E?dS DATA 

T h e  f lash i s  tu rned  off by any of the following events :  

o Fina l  en t ry  of a  load sequence 
e Entry of ve rb  "proceed without clata" ( 3 3 )  
e E n t r y  of verb  "terminate" (34) .  

I 

It is  impor tan t  to conclude eve ry  load verb  by one of the aforementioned 
t h r e e ,  especial iy if the load w a s  iniiiated by prograrn act ion withir. the 
computer .  If a.n internal ly initiated load is not concluded validly, ths  pro-  
g r a m  thzt initiated i t  may never  be reca l led .  The "proceed without data" 
v e r b  is u s e d  to  indicate tha t  the opera tor  i s  una.ble t o ,  o r  does not wish to?  
supply the  datzi reques ted ,  but wanis the initiating p rog ram t c  continue as  
b e s t  i t  can with old data .  The "ternl inate" v e r b  i s  l ~ s e d  to indica-te that  the 
opera tor  cl-looses not to  load the reqilested data and also wants  to  t e rmina t e  
the reque stj.ng rout ine.  

2 . 2 .  3. 3. 3 E r r o r  Codes.  

E r r o r  code nurr.bers appear  in 'REGISTER 1 with noun 31. 

OSS E r r o r s  

Optics mode control  switched f r o m  ZERO OPTICS before  end of 30 seconds .  
AGC u ~ a b l c  to  achieve des i r ed  opt lcs  mode.  
Funct ion n o t  vzlicl f o r  SC 01 2* .  
No vacant  a rea  avai lable for  marks .  
in te rna l  mark r S e q u c s t  ~ l l i l e  m a r k  sysicln i s  bas);. 
Function not valid f o r  SC 012 .  
M a r k  r e j ec t  while m a r k  sys t em i s  not iil u s e .  
M a r k  r e j ec t  with all reques ted  m a r k s  accepted o r  no n l a rks  since initiating 

l a s t  m a r k  re jec t .  
Too many m a r k s .  

ISS E r r o r s  

00291 Z e r o  eiacode ended before end of 3 0  second  wai t ,  
00202 AGC unable to  achieve d e s i r e d  ISS mode.  
00203 No ISS mod? indicated to AGC. 
00204  ISS mode changed while TRANSFER switch is i n  COMPUTER position, bc t  

AGC d id  not com~lnand mode change. 

P rocedura l  Difficulties 

0C-J 0 1 Desi red  gimbal  angles  will  produce gimbal  Ioclc. (Middle gimbal  ang le  
g r e a t e r  that 6 0 ' .  ) 

00.102 S tar  ou t  oi field of v i e w .  

fi9.403 Same a s  00402. 
01140.1 EMU orientat ion unknown.  
ij:,.ku 5 SCS mode  nlonitor3 fa i lure .  

-.------ _ _ -  -- *--- --.-----.- 
GUIDANCE AKJ j  N-AVIGA TION SYSTEM 
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S L M Z A - O ~ - S C O ~ ~  

A P O L L O  OPERATIONS 13AYDUOOK 

SYSTEhIS D-AT-A 
- _ - I _ - - - - -  1. .:::: 

Sa\ - iqa t ion  p r o g s a m  busy.  KG& 0 0 4 0 ~  - 
Sa\r igat ion p r o g r a m  needed i n t e r n a l l y .  
-AGC update not allolved. 

Unused i n t e r r u p t  (R'CI'PT 2 )  occu l - red  
-4GC s e l f - t e s t  e r r o r .  
Unused count,  c o m p a r e ,  a n d  skip (CCS) b r a n c h  execu ted .  
C - r e l a y  fa i led dur ing  C - r e l a > -  t e s t .  
S t a r  s e a r c h  f a i l u r e .  
IMU orientat iol l  no good f o r  e n t r y .  

L i s t  Overf lows 

Execut ive over f low-no  vacan t  areas, ::: 
Execut ive overflonr-no co re  se t s .  =:: 
IVaitlist ox-erflout-too nlany t a s k s .  ::: 
S a m e  a,s 01203. ::: 
M a s t e r  con t ro l  overf low-too Imany jobs  wai t ing.  ::: 
DSKY wai t ing l ine  overf low.  ::: 
No vacant  a r e a  f o r  m a r k s .  ::: 
Something a l r e a d y  wai t ing in  IMU s t a l l .  ::: 

I n t e r p r e t ~ t r  E r r o r s  

A r c c o s  - a r c s i n  input  ang le  too l a r g e .  ::: 
Square roo t  ca l l ed  f o r  with  a negat ive asgu inen t .  ::: 

Display A l a r m s  

VG incl-easj .ng- loss  of c o n t r o l .  
Del ta  V too lolv-engine not on.  

DSKY P r o g r a m  E r r o r s  

01501 Check f a i l  a l a r m  dur ing  i n t e r n a l  u s e .  ::: 

:::These a l a r m s  a r e  "abor t s"  2nd def ine a l a r m s  \x.hich ini t ia te  a r e s t a r t  of the  A G C  
p r o g r a m  \x.hich w a s  i n  p r o g r e s s  when the a l a r m  a p p e a r e d .  

- - 
GUID-ASCE A N D  N:'iVIG;lTION SYSTEhl 



! .  2 .  3.  3 4 AGC P r o g r a n l s .  

The fol lowing l i s t  of AGC p r o g r a m s  def lncs  th? p r o g r a m s  r o u t i n e s  

app l i cab le  to  SC-012.  Thc A G C  1,rograms provide the major modcs  of G 6 p  
systerr ,  o p e r a t i o n .  The ~ o u i i n e s  cons is t  of a s p e c i f i c  s e q u e n c e  of o p e r a t i o n s  

-nhich a r e  performed by more  t h a n  01ir p i o g r a r f i  ar id/or  o t l lcr  r o u t i n e .  
I 

- 
P r o g ~ a m  I 
N u m  be r Title 

, _ - C - " . I - . .  

00 AGC Idling 

0 1 P r e l a u l l c h  I n i t i a l i z a t i o n  

02 G y r o  Corxpas s ing  

0 3 Optical A z i r n u i l ~  V e  rificatit2n 

--- - 
Con1 a i n s  

R o u t i n e s  
----.-RP 

0 4  I n c r t ~ a l  R e i e r e 1 - i ~ ~ .  

0 5 GGrN S t a r t u p  

06 C;&N P o w e r  Gown 

0 %  Systems 'I'est (-L~rxli'red in - f l iqh t  u s e .  ) 

11 Pre -LET  2 e l t i s o ~  

12 Post-  LET Je t t i son  2 4 ,  R 34 

! 7 LET A b o r t  

2 2  L a n d r n a r k  Tracklng  R 2 7 ,  K 2 8  

2 3 S t a r  /Landr.rmrk Nav iga t ion  M e a s u  rernent 

2 4  G r o u n d  Track D e t e r m i n a t i o n  

27 AC-C Update 

3 I O r b i t  Change ( P r c t h r u s t )  R 1 ,  R 2 1 ,  R 3 5  

3 2 R e t u r n  to Ea r th  ( P r c t h r u s t )  K 1 ,  R 21, R 36 

33 SPS i d ~ r i r n u m  I n ~ p u l s e  ( P r e t h r u s  t )  R 1 ,  X 21, K 31,  
R 3 3  

4 1 O r h l t  Change I3 2, R 22, R 24 ,  
K 31,  R 34,  R 37 

- - Y ' - - - ~ _ _ . _ I L C W , U P L ~  --=-- - .--- ---- *-,-.,,----..- 

GUiDA?:CE A X E  SA-kT'tCATI'3X SYSr113M 
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APOLLO OPERATIO.NS HAXDBOOt<

SYSTI<MS DATA

Program

.Nmnbe r

42

43

5!

52

53

54

61

62

63

64

67

71

Return to }Earth

SPS Mirlin_unq Impulse

Title

iMU Orientation Determination

S-IVB/IMU Align

CSM/IMU Align

IMU Realignment

Maneuver To CM/SM Separation Attitude

CM/SM Separation And Pre-Entry

Maneuver .

Initialization

Post 0.05G

Final Phase

First Abort Burn

Conta ins

Routine s

R 2, Ik 22, R 24,

R 31, R 34, la 37

R 2, R 31, R 34,

R 37

R 27, R 29

R 4, R 25, R 27,

R 28, R 29, R 30

R i, P, 4, R 21,

R 25, R 27, R 28,

R 29, R 3O

R 27, R 29, R 30

RI, R2I

R3, R21

R 2,4

Routine Contains

Number Title Routine s

21

22

24

Attitude Control Mode Check

Thrust Control Mode Check

Entry Control Mode Check

R 22

R 1, R 21, R 22

I-<22

Fine Alignment

Attitude Maneuver

SCS Discrete Mouitor

Delta V Monitor

R 25, R 27, R 28,

R 29, R 30

R 38

GUIDANCE AND NAVIGATION SYSTEM

:_ Mission Basic Date ..............12 Nov 1966 Ch-_n_*e=a Date_ Page 2.2-39
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2.2.4

Routine

i'<umbe r

25

27

28

29

3O

31

33

34

35

36

37

SMZA-03--SC012

APOLLO OPERATIONS IIANDBOOK

SYSTEMS DATA

Title

Coarse Alignnae nt

Sighting Mark

Auto Optics Positioning

Star Data Test

Gyro Torquing

Backup Delta V Counter

Prethrust SPS Minimum Impulse Data

Load

Orbit Parameter Display

Prethrust Orbit Change Data Lead

Prethrust Return to Earth Data Load

SPS Engine Ignition

Contains

Routines

38 SPS Engine Thrust Fail

PERFORMANCE AND DESIGN DATA.

(TBD)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

S/C Attitude.

The S/C should not be maneuvered to an attitude which will align the

inner circle of either red area on the FDAI ball under the navigation axis

marker. Failure to avoid this condition can result in IMU gimbal lock.

Specifically, the following maneuvers should be avoided:

e Yaw maneuver greater than ±75 degrees when roll angle is

0 degree or 180 degrees.

o Pitch maneuver greater than +43 degrees or -i08 degrees when

roll angle is m90 degrees.

[

[

• , : '. _- ._ ]O1]

GUIDANCE AND NAVIGATION SYSTEM

Basic Date. 12 bJov l?66_.Change Date, Page 2.2-40
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APOLLO OPERATIONS ttANDBOOK

SYSTEMS DATA

9 ? .,_., ")

2.2.5.3

Z.Z.6

IMU Operation.

• The AGC must be ON before tl_e iMU is placed in operation by

engaging the IMU circuit breakers.

e The AGC must be ON or in STANDBY before the IMU is placed

, in standby mode.

e Allow 15 seconds for the stabilization loops to completely

stabilize the platform after 'applying operating power, i.e,, after

engaging the IMU circuit breakers.

• The IMU must be in full operation for at least i hour before valid

operation of the inertial, components can be assumed.

e The inertial components will suffer a loss of calibration if the

temperature falls oelow !Z0°F ' or exceeds 140°P. Damage will

occur if the temperature fails below 40°For exceeds 160°F.

Do not operate the IMU such that the middle gimba! angle reaches

or exceeds 70 degrees.

Optics Operation.

e Do not slew the SXT or SCT into the mechanical stops.

• Do not drive the ZX TRUNNION CDU in excess of 180 degrees as

read on the CDU display dials. Insure that this display dial

indicates less than 180 degrees before engaging the ZERO

OPTICS rnode of operation.

TELEMETRY MEAS UREMEI'(ITS .

The following is a complete list of all G&N system telemetry data that

is monitored by flight controllers and ground support personnel. The ].ast

column contains the name and type of S/C crew display. The displayutilizes

the same pickoff or signal source as telemetry, unless a separate measure-

ment number is included in the display column.

An asterisk (_:-')by the measurement number denotes information which

is not available for recording or telemetry transmission during PCM low

bit rate operation.

Measurement

._un_be r

CG 000! V

CG 1101 V

Description

Computer digital data

40 bits

--28 VDC supply

Sensor

Range

+4/+!32 vdc

-30/0 vdc

Nomi nal

Operating

Range

-28 wlc

Crew Display

_one

None

GUIDANCE AN]) NAVIGA.TION SYSTEM

Mission Basic Date lfi Nov 1966 Chanqe Date Pa_e
2.2-41
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Nurnbc r

CG 1110 V

CG 1503 X

CG ]513 X

CG 1523 X

CG ] 533 X

CG 2110 V

'::CG 2112 V

;::CG 2113 V

<:CG 2117 V

CG 2140 V

#CG 2!42 V

CG 2143 V

*CO 2147 V

CG 2170 V

*CG 2172 V

:::CG 2173 V

:1CG Z 177 V

Description

2. 5 VDC TM bias

IMU +28 vdc operate

IMU +28 vdc standby

AGC +28 vdc

Optics +2.8 vdc

IGA torque motor

input

IGA 1X res output

sine in phase

IGA 1X res output cos

in phase

IGA serve error in

phase

MGA torque motor

input

MGA 1X res output

sine in phase

MGA 1X res output

cos in phase

MGA serve error in

phase

OGA torque motor

input

OGA 1X res output

sine in phase

OGA 1X res output

cos in phase

OGA serve error in

phase

SYSTEIviS DATA

Sensor

Range

TBD

Event

Event

Eve nt

Eve nt

TBD

TBD

TBD

010.. 5 vrms

TBD

TBD

TBD

0/0.5 vrms

TBD

TBD

TBD

0/0. 5 vrms

Nominal

Ope rating

Range

-28 vdc

Crew Display

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

_"iSSiop.',.
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Nun,.be r

<:CC- 2206 V

:::CG 2236 V

:::CG 2266 V

CG 2300 T

C.;G 230t T

CG 2302 C

CG 2303 C

<'-CG 3102 V

-':-'CG 311fi V

*CG 3133 V

::_CG 3141 V

::-'CG 3200 V

<_CG 3220 V

<-'CG 4300 T

CG 5000 X

CG 5001 X

Description

!GA CDU IX res

error in pliase

MGA CDU 1X res

error in phase

OGA CDU IX res

error in phase

PIPA temp

IRIG ternp

IMU heater current

IMU blower current

SXT trun motor

drive in phase

SXT shaft motor

drive in pl,.ase

SCT trun motor

drive

Trun CDU 16X res

error in phase

Trun CDU lnotor

drive in phase

CDU motor drive

RMS

AGC temp n_onitor

PIPA fail

IMU _aA

-]YS'I'EA'iS DA TA

Sensor

Range

0/0.2 vrms

0/0.2 vrms

0/0.2 vrms

TI3D

TBD

0/+5 amps

0/+5 amps

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Event

Eve nt

>,ominal

Operating

Range

+126.0°F/

+134. 0°F

+129. 5 _'F/

+137. 5°F

0/+2 alTlpS

0/+1 an_p

,None

None

None

Crew Display

None

None

None

None

None

None

None

None

None

None

None

ACCEL FAIL, GE:N

ACCEL FAIL C&-W

lights (Z).

IMU FAIl, C&:W lights

(2),

GUIDANCE AND NAVIGATION SYSTEM
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_,.[casu rcn]ent

Number

CG 5002 X

CG 5003 X

CG 5005 X

CG 5OO6 X

CO 5OO7 X

CG 5008 X

CG 5020 X

CD 5021 X

CG 5022 X

CG 5023 X

CG 5024 X

C G 5025 X

CG 5026 X

CG 5027 X

CG 5O28 X

SMEA-03-SC01Z

APOLLO OPERATIONS HANDBOOK

Description

CDU fail

Gimbal lock warning

Error detect

IMU temp light

Zero encode light

IMU delay light

AGC alarm i

(Program)

ACC alarm 2

(AGC activity)

AGC alarm 3 (TM)

AGC alarm 4 (prog

ck fail)

AGC alarm 5

(scaler fail)

AGC alarm 6

(parity fail)

AGC alarm 7

(counter fail)

AGC alarm 8 (key

release)

AGC alarm 9 (rupt

lock)

SYSTEMS DATA

Sensor

Range

Event

Event

Event

Event

Event

Event

Event

Event

Event

Event

Event

Eve nt

Event

Event

Event

Nominal

• Operating

Range

GUIDANCE AND NAVIGATION SYSTEM

......... Basic Date 12 Nov 1966 Change Date ......

F

Crew Display

CDU FAIL C&W lights

(z)

GIMBAL LOCK, GMBL

LOCK C&W lights (2).

PGNS, G&N ERROR

C&W lights (Z).

IMU TEMP C&W lights

(Z).

ZERO E1NCODER,

ZERO ENG. C&W

lights (2).

IMU DELAY. C&W

light,

PROG ALM, COMB

FAIL' (DSKY lights).

COMP DSKY lights (2).

E

E

F

[

[

TM FAIL, COMP

FAIL. (DSKY lights).

CHECK FAIL, COMP

FAIL. (DSKY lights).

SCALER FAIL, COMP

FAIL. (DSKY lights).

PARITY FAIL, COMP

FAIL. (DSKY lights).

COUNTER FAIL,

COMI ° FAIL. (DSKY

lights).

KEY RLSE (DSKY

lights) (Z).

RUPT LOCK, COMP

FAIl,. (DSKY lights).

.,._ _:._ i o:" Page 2 2-44 [
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.x, lca su r ¢i_]0 nt

Num be r

CG 5029 X

GG 5030 X

::_cG 6000 p

<_CG 6020 T

-':-'CG 6021 T

::-'GG 6022 T

SM2A-03-SC012
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SYSTEMS DATA

Descrip_i,_n

AGC alarm 10 (TC;

trap)

Computer power fail

light

iMU pressure

PSA temp I tray 3

PSA temp Z tray Z

PSA temp 3 tray 4

Sensor

Range

Event

Event

T B D

T]3D

T]3D

TBD

Nominal

Ope rating

Range Crew Display

TC TRAP, COMG

FAIL. (DSKY lights).

AGC PWR FAIL

(DSKY lights) (2).

None

None

Norm

None

iil

b"J

2.2.7 G&N POWER CONSUMPTION.

The optics are only powered up when a star or landmark sighting is

required. The subsystems power leve}s are as follows:

Description

IMU--opera.te

standby

AGC--operate

standby

Optics --operate

Controls and displays

AGC only

AGC and IMU

Full G&:N operation

Control

CB 59 and58

CB 61 an',] 60

C13 57 and 56

AGC Mode Switch

GB 55 and 54

GB 93 and 62

and Switch No. 7

Power Reqmt's

325.0 watts (de)

61-7 watts (de)

115.0 watts (dc)

15.0 watts (de)

124.4 watts (de)

14.4 watts (de)

10.0 watts (de)

10-7 watts (dc)

18-7 watts (de)

7-0 watts (de)

Minimum power consumption is 76.7 watts (de) when AGC and IMU are in

the standby mode.

GUIDANCE AND NAVIGATION SYSTEM
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Z.2.8 INTERFACE SIGNALS.

The following list p_ovides the signal, source, and description of the

interface signals.

[.....7Signal Name , Source Description

Stabilization and Control System _/_c'q_o, and G&N System, Interface

En{g ins c)n-.off

Discrete signal

carrier

G&N system attitude

control (or SCS

attitude control)

Minimum irnpulse

enable

Minin<turn irnpulse+

and- pitch, yaw, and

roll

Minimum impul s e

pitch, yaw, and roll

Pitch error body offset

and body axis

Yaw error body offset

a:,:is

Yam, error body axis

.Roll error body offset
a:.,i s

Roll error body axis

AGC

(Apollo

guidanc e

con's, puts r)

AGC

SCS

G&N

system

SGS

G&N

system

G&N

system

G&N

system

G&N

systen_

G&N

syste_n

Provides pulse train that lasts as long as the engine

is required I:o fire. The time at which the signal

ter_dnates takes into .accouni: electronic delays

within the SCS and tail-off characteristics of the

engines,

Provides continuous guise train to the SCS to be

s'witched back to the ,AGC.

Provides power to an attitude cont_o! switch on the

G&lq system.

]Disables all three attitude channels simultaneously

and supplies voltages to an attitude control switch

on the G&N system..

_t 1 ) _9..I !t .Provides six signals to the G&-,,,' syste:_. :._o_:....

controller ope ratio:,a.

Provides the-capability to initiate spacecraft attitude

changes in the G&N system attitude control mode or

the SCS attitude control r6,ode. These changes will

be initiated by discrete minimum impulses.

Provides pitch attitude error signal to the SCS.

Provides yaw attitude error signal to the SCS during

G&N system entry mode.

Provides yaw attitude error signal to the SCS during

normal G&N system operating modes.

Provides roll attitude error signal to the SCS during

G&N system entry mode.

Provides roll attitude error signal to the SCS during

normal G&N system operating modes.

• _l, B h tOI%,
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Signal Name Source Description

G&N!kiU 28V 800 cps

(demodulator reference

I.XIU sin AIG IX,

IMU cos AIG 1X,

IMU sin AMG IX',

IMU cos AMG IX,

IR.fU sin AOG IX, and

IMU cos AOO 1X

system

G&N

system

from the G&N system.

Provides total attitude signals to the SCS.

Provides an 800 cps, synchronous, in-phase voltage

il :!<

:: 1
Electrical Power System (EPS) and G&N System Interface

EPS Provides power to the'AGC.

,.:!

<;I:2̧ _;

!:!::j

iIi_

3

:[

+28 vdc AGC bus A and

bus B

-!28 vdc optics bus A

and bus B

+28 vdc IMU bus A

and bus B

+Z8 vdc standby bus A

and bus B

EPS

EPS

EPS

Provides power to the optics subsystem.

Provides power to the IMU.

Provides IMU temperature control power.

llSv 400 cps EPS Provides power for all G&N system 6-volt lamps

Communication and Instrumentation System and G&N System Interface

..:,,

/ </I

!:::J

%!i_'i. ,!

t(1

]

/_i-I

ii

...._

Ii DLNK sync

_] DLNK end

DLNK start

_ DLNK data

U LNK 1

AGC

AGC

AGC

AGC,

AGC

Synchronizes data transferred from the AGC to the

communications and instru_tc)entation system.

Permits two AGC words to be transferred from the

AGC to the com_unications and instrumentation

system. Stops the AGC and the transmission of

data from the AGC to the communications and

instrumentation system.

Provides pulse signal that occurs at the beginning

of every data transmission to the communications

and instrumentation system. Sets flip-flop in AGC

that enables 5-stage downlink counter.

Initiates by ])I_,NK start, stopped by DLNK end, and

consists of a 40 bit telemetry word (two AGC words

and an 8 bit telemetry word order code).

Transmitted to the uplink counter in the AGC.

Adds one to uplink counter and shifts the counter

one increment.

Tlr_GUIDANCE A,_., NAVIGATION SYSTEM
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.blgna, Name Source

i" ! _.'< 1< 0 AGC

k__

SYSTEMS DATA

Description

Transmitted to the uplink counter in the AGC.

Shifts up!ink counter one increment.

[

[

[

.[

[,

[

[
[

[

[

[
[
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Z.3.1

SECTION Z

SUBSECTION Z. 3

STABILIZATION AND CONTROL, SYSTEM (SCS)

INTRODUCTION.

The stabilization and control system (SCS) provides a capability for

controlling rotation, translation, and thrust vector forces with additional

capability of rate stabilization.

The SCS is divided into three bas{c subsystems: attitude reference,

attitude contro], and thrust vector conl.rol. These subsystems contain the

elements which provide for manual attitude control, automatic attitude

control, and thrust vector control, plus manual backup provisions for all

automatic functions,

The subsystdm/control capability allows the free selection of several

modes of operation which fall within the boundaries of three entirely

different flight control profiles. These include coasting flight (earth orbital

environment), powered flight (atmospheric - ascent, and earth orbital

environment), and atmospheric flight (entry - unpov_ered).

Spacecraft displays provide a capability for monitoring S/C attitude,

S/C rates, attitude errors, cautions, and warnings. Controls provide

switch arrangements for commanding modes, commar.ding inpuLs to change

operating status and to permit manual override to all automatic functions.

The SCS interfaces with the following S/C systems (See figure Z. 3-!).

o Teleconqmunications System (T/C)

Provides clock reference frequency for measurement of changes in

S/C velocity
>

Receives all down-link telemetry from SCS

Provides up-data position information via AGC or voice

Electrical Power System (EPS)

Provides primary power for SCS operation

e Environmental Control System (ECS)

Transfers heat Irom SCS electronics

STABILIZATION AND CONTROL SYSTEM
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UP'DOWN DATA

LINK

LF-Z--]__
L_q__

_'Z_ i " ATTITUDE ERRORS

GUIDANC ,

AND J

NA'_'iGAIION

i SYSTEM ] SPS THRUST ON-_)FF

'I'TOTA L

i TT!TUDE

l ! . _rSWITCH COMMANDS

TELEMETRY MEASUREMENTS

TP,ANSLATION j TRANSLATION

COMMANDS

l ROTATION 1

I CONTRO_I
L-----. r, J

PROPORTIONAL

ROTATION

COMMANDS

>

]i> STABILIZATION

AND

CONTROL

SYSTEM

->

I

I
SPS ON-OFF |

............................7-]
SPS GIMB&L COMM&NDS '_ t

RCS AUTO ON-OFF

COOLING | I

I......i

SPS

°sw,,cH,NoLijFUNCTIONS

D!RECT RCS ROTATION COMMANDS

i,c l
i j

SM-2A-676D [

l'_igure Z.3-!. SGS Functional Interface

5
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Z.3. Z.I.I

Sequential Events Control System (SECS)

Provides abort switching function

By switch control in SCS, initiates abort and enables control fur_ctions

in SCS

Guidance and Navigation System (G&N)

Provides roll, pitch, and yaw total attitude inputs to SCS

Provides attitude error signals

Provides thrust on/off command for SPS engine

Provides steering commands to TVG during G&N AV

o Propulsion Systems (SPS, RCS).

The service propulsion system generates internal forces for large

velocity changes

The reaction control system generates the internal forces required

for rotation, and translation.

A detailed description and function of the SCS controls and displays

referred to Js provided in section 3.

FUNCTIONAL DESCP_IPTION.

The functional description of the SCS covers the major areas of

control capabilities, Apollo reference axes, and subsystem description.

Control Capabilities.

Control capability exists for tl{e manual attitude control, automatic

attitude control, and thrust vector control functions. The following

paragraphs provide a brief discussion of each control function.

Manual Attitude Control.

k4anually commanded inputs converted to electrical signals, directly

or indirectly, cause the propulsion systems to _<naneuver the spacecraft to

a desired attitude and/or change the flight path (trajectory) of the space-

craft. ManUal controls include two independent rotation controllers

(figure Z. 3-8), two trans]ation controllers (figure Z. 3-8), and an arrange-

,_qent of panel-mounted controls and displazs.

STABILIZATION AND CONTROL SYSTEM
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The rotation controllers command discrete on-off signals for the

reaction control system to initiate angular rotations about the S/C X-, Y-,

and Z- axes or combinations of these axes. The X-, Y-, and Z.-axes are

synonomous with the S/G geometric coordinate system of roll (qb), pitch (0),

and yaw (_), respectively. (See figure Z.3-Z.) These commands are

primarily used for S/C attitude (orient__tion) control. The translation

controllers, when operated, command signals for the reaction, control

system to initiate translations (acceleration) along the S/C X-, Y-., and Z-

axes or combinations oi these axes. These comrnands for the ASZ04A

mission are primarily initiated to perform ullage maneuvers prior to SPS

thrusting. Pane]-mounted switches are used for attitude set control

functions, application of electrical power, evaluating system status, and

selection of operating modes,

The displays provide indications of _otal attitude, attitude errors,

angular rates, and caution and warnings.

Automatic Attitude Control.

Automatic attitude _.ontrol is a capability whereby attitude errors and

rotational rates are sensed by gyroscopic devices which, in association

-Z QUA D S/_RCS EN_JNES
I A _,_ POWER SOURCE MAIN BUS A
I

.\ o ,OWE, O. E
_ii'_ _ , ¢_\ \ n _I_, p,c_ E_'o' .XE_

/-IqW _ ,_,,I " i \ - f-c-_-._ /
+×-(--__2-_'_dr/ I ,,_-_" / ,;e_,.-W-_/ _,E_ _ ,OWE_SOU_CE_,_

-Y l0 - - -

...... C'"ON ,',Xi_ QUAD "-_i' ,

1_!.7-r?(
......... I_BODY C

':-' ', C _x\C(Sq_ 3_o//"_"" , _'--_.l COORDINATES NOTE: Wheil operating C/M or N.,"M RC5
_ ,. ./" i \ 330 "

without pioporllonol rote (engine dl,ect

it _ .... ]yg /_\_ X <Oil Op_l_llorl), p......... i$n_oinbu_ A for oll engines cc_lmonded by

+ZB SM-2A-78 IC

Figure Z.3-Z. G/M-S/M-RCS Engine Location/Apollo
Reference Z,_xes

f4d

_7

[

[
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k

[
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[

[
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with electronic and logic circuits, automatically induce the propulsion

systems to maintain a desired inertially fixed attitude. Translatio_

capability is not an automatic control function.

Two methods of automatic attitude cop.trol are available. One method

reqhires the use of con_ponents of the SCS to establish desired attitude

references, and for sensing attitude changes and rates of change. Three

orthagonally mounted rate gyros sense angular rates about the S/C X-, v_ ,

and Z-axes. Body-mounted attithde gyros (BMAGS) and attitude gyro

coupling unit (AGCU) establish attitude reference and determines attitude

error. The attitude error signals and rate gyro signals _>e electronically

conditioned and subsequently provide a rate-damped automatic attitude hold

with respect to an inertially fixed attitude. The attitude is held with drift

rates kept within acceptable limits (deadba_d) for the three axes. A

maximum or mini_num deadband may be selected by the ATT DEADI%A?,-D

switch on the SCS control pane], {E4DC-8). Maximum electrical deadband

a]]ows drift limits of ±4.2 degrees from reference attitude. Niinin_un_l

electrical deadband is ±0. Z degree fro_-n refe'rence attitude.

When a manual maneuver is initiated, the automatic attitude control

function is interrupted. When the man,_al maneuver ceases, the automatic

attitude control function is reinstated and the new attitude will be the new

inertial attitude.

The other method of automatic attitude control incorporates

components of the G&N system; whereby, the combined G[_N/SCS systc_-_s

establish attitude references, and sense attitude change and rate of change.

In addition, the Apollo guidance computer (AGC) can be commanded through

the computer keyboard to automatically establish new attitude references

and maintain attitude hold at the new reference. \Vhen this is done,

attitude change data is taken" from on-board charts or received via the

manned space flight network (MSFN).

The inertial measurement unit (IMU) in the G&N system provides the

inertial reference and senses attitude errors. The rate gyros in the SCS

determine the rates of change. The attitude error signals sensed by the

IMU and SCS rate gyro signals are electronically condition.ed and subse-

quently provide a rate-damped automatic attitude control with respect to

the IMU inertially fixed reference. Again, drift rates about the three S/C

axes are held within acceptable limits.

Manual maneuvers can also be performed when using G&N attitude

control, providing proper switch configuration is established. The auto-

matte hold function is interrupted until the manual maneuver ceases, at

which tirne the automatic function continues to hold at the new inertial

attitude. Inputs to tt_e AGC via the computer keyboard can commay_d the

AGC to realign the IMU to a selected inertial reference. The S/C car, then

be automatically maneuvered to and be maintain.ed at the uew attitude.

!:: i!
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When automatic attitude control fanctions are in process, disp].ays

are required only for monitoring and comparing attitude with external or

known references, and for indications of systems failures.

Thrust Vector Control°

Thrust vector control (TVC), primarily, accomplishes three main

objectives. The first objective is to either, manua!ly or automatically

initiate thrusting of the SPS engine when large velocity changes are

required. The second is to control the thrust vector of the SPS engine such

that the veckor force iS essentially maintained through the S/C center of

gravity (c, g.) in the direction of the velocity correction. The third objective

requires the. automatic, with map.ual backup, termination of SPS thrusting

when a required velocity change has been attained.

When SPS thrusting occurs, th.rust vector control, uses the same basic

commands that are used for the attitude control fur, or]on, plus additional.

commands to control the SPS pitch and yaw gimba] sctuators. This combi.-

nation establishes the three-_axes att.itude control and stability while

thrusting. The commands to the pitch and yaw gimbal actuators will hold

the SPS thrust vector through the S/C c.g. in the direction of velocity

correction, and roll attitude is maintained by the roll attitude control

circuits and the RCS roll engines.

There a_:e three methods, or modes, of thrust vector controh ,_N

delta V, SCS delta V, and manualthrast vector control (MTVC). G&N

delta V is the primary mode of control for velocity changes. The G&N

system inserts comrnands into the SPS gimbat servo circuits to control the

thrust vector and to automatica!ly initiate SPS thrusting. The G&N/SCS

attitude control sensors and electronics perform the remainder of the

control functions.

The SCS delta V is normally used as a backup system in the event of

G&N fai].ure. When in O&Ix_ mode of operation, the SCS BMAG/AGCU loop

is aligned to the IMU reference attitude and, therefore, follows the attitude

changes sensed by the IMU prior to selecting the AV mode. After selecting

a &V mode, the BMAG/AGCU loop is opened. In the event of G&N failure

or IMU failure, a transfer to SCS delta V will allow continuation of the

velocity change using attitude error signal inputs originating from the

BMAGS. For SCS delta V, there are no major differences in operation

of the gimbal servo loop and the rate loops,

Mar_ual thrust \_ector control is a control function utilizing panel-

mounted controls, translation controls, and rotation controls. IvITVC is

primarily used to limit excessive rate changes that may be created by

malfunctions in the SCS oz" G&N systerns. Manipulation of the controls

allows velocity changes by the selection of redundant electronics and

redundant actuator motors to control gimbal action.
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Displays allow monitoring the character of a delta V, monitoring

system performance, and detecting system malfunctions.

Apollo Reference Axes.

In Apollo, there are two sets of axes, or coordinates, which are used

for _-neasuring changes an S/C attitude. (See figure Z.3-Z.) One set of

coordinates represent the geometric axes of the S/C and are the body axes "

XB' YB' and Z B. The other set of coordinates represent the geometric ,

axes of the IMU-optic base or nai*igations base. They are the navigations

axes X N, YN' and Z N. The inertial sensors are mounted and aligned

relative to these two sets of coordinates. The BMAG roll, pitch, arid y_*w

gyros are aligned to the S/C body axes and the IMU is aligned to the

navigations axis.

Body Axes.

As shown in figure Z. 3-Z, the longitudinal (X B) axis passes through

the geometric center of the S/C. The +X B is' toward the apex of the

command module; -X B is the opposite. Looking in the direction of the

apex, the +YB-axis is to the right; YB is to the left, The i-Z]3 is in the

direction of the footrest of the center couch and -Z}3 is to,,va±'d the headrest

of the center couch. The S/C e.g. is included in the plane formed by the

X B- and ZB-axes.

A ÷ roll rotation is a clockwi:se rotation about tl-_e X--axis, looking fro:n

-X to +X; a + pitch rotation is a clockwise rotation about the Y-axis, ]ooking

from -Y to +Y; and a + yam, rotation is a clockwise rotation about the Y..a:<is,

looking from -Z to -]Z.

Navigations Axes.

The navigations axes are rotated ÷33 degrees in pitch about the YB-

axis. The XN-axis is parallel to the side of the S/C; the YN-axis is

parallel to the YB-axis; and the ZN--axis is normal to the side of the S/C

and is rotated +33 degrees in pitch about the YN-axis. The ZiB-axis lies in

the same plane as the XN-axis. The _XN-, ±YN-' and±ZN-axes point in

the same relative directions as the body axes. The IMU +X-, iY-, and

+Z-axes are aligned to the +X N- and ÷ZN-axes.

Optics Base Axes.

A line-of.-sight telescope and sextant, mounted on the optics base,

are used in conjunction with the G&N system to determine S/C inertial

attitude and position. The optics base axe. s are measured in terms of the

shaft and trunnion angles of the telescope and sextant. The shaft a>-es of

the two are parallel to the ZN-axis and trunnion axes are parallel to the:

YN-axis.
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