
cg/ î,F.Gordán

TRW
SYSTEfi]S GNOUP

ONE S¡PACE PATìK. TECIONDO E¡EACH' CALIFOFINIA



17618- H1I0- RO- 00

LM AGS OPERATING MANUAL
FLIGHT PROGRAM 8

March 1971

Prepared by:

\4r G Marl.ey
T K 1rü'u

R A Harwood

Prepared for:

National Aeronautics and Space Adrninistration
Manned Spacecraft Center, Houston, Texas

Under Contract No. NAS 9- 8166



17618- Hll0- RO- 00

LM AGS OPERATING MANUAL
I.LIGHT PROGRAM B

March 1971

Prepared by:
W G Marley

T K rüfu

R A Harwood

" Prepared for:
National Aeronautics and Space Adrninistration

Manned Spacecraft Center, Houston, Texas
Under Contract No. NAS 9- 8166

Approved by,\l
14¡ J
Syst

ager
s Analysis and Software Departrnent

Approved by:
ç)

Óría-r^^ r+
T Layton, rTl)an
LM AGS Guidance Software
Design Review Board



FORE\,VORD

This docurnent suûlTnarizes the recornrnended procedures to be

used with Flight Prograrn B. The changes to the FP7 procedures

(Reference 11) are identified in the docurnent by a vertical line in the

right rnargin.
The prirnary differences between FP7 and FP8 are surnrnarized

as follows (References 8, 9, and 10):

SCP57
o Rendezvorls Radar data fqorn PGNCS D/L f.or autornatic RR

update
o Deletion
o Deletion

tion

po
(Location 371, CDH AV in the CSI rnode)

a Deletion of AV (Location 267)
G

SCP58

of APS cant angle cofitpensation

of tirne-to-perilune (Location 313, Tp""g) cornputa-

a Deletion of V
cornputation

o Provide TPI solution in
o Modification of External

1) Requires TIG as part
2) Elirninates orbit rate

o LM and CSM states for
rnust have sarne epoch

local vertical coordinates
AV

of targeting
pitch steering capability
PGNCS to AGS initialize routine

scP59
a

Other
o

a

Addition of variable scaling to AGS Rendezvous Radar tr'ilter

Rescaling of DEDA input and output of range (Locations 316
and 317) to 0. 01 n rni.
Provide a RR rnark counter (Location 621)

Substitution of V, (braking velocity) for V, (total AV to
rendezvous) in Location 371 and on telernetry

a

111



a certain DEDA locations have been changed due to reassernbly
of the flight prograrn.
1) Relocated Constants

5K18 (2671

6K5 (276)

3K4 (304',)

4KZ5 (4461

4K4 (5571

6K8 (564)

6K9 (565)

6K1o (566)

5K17 (611)

1K37 (613)

B13SF (643)

Bl3vSF (651)

B3SF (652)
Bz3RSF (653)

BACCST' rc57l,
B18SF (665)

2) Additions
6KrL (237)

7ll'r (274',)

6lr-12 (313)

6Kr4 (517)

6K13 (577l.

7Kz (650)

BzzRSF (656)

3 ) Deletions
4K7 (s66)

4K8 (602)

29J (274)

;; lower tirnit
Radar Filter out-of-plane gain
Sine (0r) lirnit (TPI)
APS tailoff AV
R, Coefficient
Range rate uncertainty variance
Girnbal angle uncertainty variance
Range rncertainty variance

'i; lower lirnit
Nurnber of accelerometer calibra-
tion 2-second cycles

DEDA scale factors

rln
TIG tirne bias (External AV)

Range scale factor (automatic
update)

Range rate bias (autornatic update)

Range rate scale factor (automatic
update)
P- rnatrix noise
DEDA scale factor

APS cant angle cornpensation

Initial radar filter AT

1V
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1. O INTRODUCTION
The LM Abort Guidance Section (,A.CS) is a strapped- down inertial

navigation and guidance systern used prirnarily to effect rendezvous of the

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

trol Systern (PGNCS) failure. The AGS consists of the following three
as sernblie s :

a) Abort Electronics Assernbly (AEA)

b) Data Entry and Display Assernbly (DEDA)

c) Abort Sensor Assernbly (ASA)

The AEA is a general purpose d.igital cornputer located in the LM
aft equiprnent cornpartrnent used for the data processing function of the

AGS. It is a fixed point, 18-bit rnachine with 17 value bits and a sign bit
using 2rs cornplernent arithrnetic. The AEA û).ernory is of conventional
f errite core construction with a 4096 word capacity.

The DEDA is a general purpose astronaut input-output device for the
AGS located on the right-hand side of the LM cockpit. It consists of a key-
board and electrolurninescent.address and data displays. Operation of the

DEDA is described in Section 3.1 of this report.

The ASA consists of three strapped-down pendulous accelerorneters,
three strapped-down gyros and associated electronic circuitry. It is
located on the LM navigation base above the flight crew. The ASA, provides
the AEA with incrernental angular rotation inforrnation about the vehicle X,

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

and Z axes. These incrernental data are in the forrn of pul ses and are
utilized in the AE,A' to rnaintain knowledge of the LM vehicle attitude,
position, and velocity.

The equations prograrnrned in the AEA for FP8 are defined in the

LM AGS FP8 Prograrnrned Equations Docurnent (Reference 1). ,A' narra-
tive description and derivation of rnost of the equations are presented in
Referenc e (Z').
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The purpose of this document is to present the functional capabilities
of the systern along with a description of how the systern is to be utilized.
Where applicable, limitations of the systern are presented and cautions
issued about operating the systern in other than the specified rnanner.

This docurnent is separated into four parts. Part I discusses the
systern in general along with external interfaces. Part l[ contains more
specific details about AGS utilization and functional capabilities. The

actual operating procedures are contained in Parts III and IV. Part III
contains the procedures to perforrn various functions, whereas Part IV
contains the procedures to perforrn the various ñlaneuvers.

The operating procedures discussed herein apply to both lunar
rnissions and earth rnissions unless otherwise noted. of course, the
lunar surface procedures discussed are not relevant to the earth rnissions.
The actual prograrnmed equations for these two rnissions are identical
except for the rescaling of many quantities. The DEDA input and output
quantities required during a rnission are presented in Section 6.0 and
the cornplete list of DEDA'accessible quantities is found in Appendix A.
The Appendix A list does not contain tirne shared quantities nor does it
contain quantities that have been judged of no value in rnonitoring AGS
operation. Section 11 contains a discussion of tJre conversion of the lunar
prograrn to the earth prograrn via the DEDA. This procedure is desirable
if a lunãr rnission is rnodified to an earth rnission after the lunar prograrn
has been stored in the AGS cornputer.

t-2
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PART I . AGS EQUIPMENT DESCRIPTION & GENERAL OPERATION

2 O GENERAL OPERATION OF THE AGS

I Control of LM by AGS

Control of the LM by the AGS depends on the settings of certain
guidance selectors on the LM instrurnent panel and the DEDA function

,sele.tions'k. The Guidance Control Switch (PGNS, AGS) rnust be in the
AGS position and the AGS Mode control switch "'* (oFF, ATTTTUDE HOLD,
AUTO) rnust be in either the Attitude Hold or Auto position (if in Otr.tr-, RCS

thrusting is inhibited). The AGS continuously cornputes steering and

engine control quantities regardless of the position of the Guidance Contrô11

Switch. For the AGS to exert guidance steering (not merely attitude hold)
and engine control, the AGS Mode Control Switch rnust be in the Auto
position. In addition, RCS attitude control rnust be under Mode Control
direction. This is accornplished by setting the RolI, Pitch and Yaw Atti-
tude Control switches (MODE CONT, PULSE, DIR) to the MODE CONT
po s ition.

A tabulation of LM attitude control and main engine comrnands for
cornbinations of switch settings is presented in Table 2. 1. The OFF posi-
tion of the Mode Control switch is not listed since no attitude control is
possible for this condition. Settings of SOO > + 30000 (address 400) are
not listed since they resuLt in zero attitude error signals and issuance of
the E/OFF cornrnand regardless of the setting of the Guidance Control and

Mode Control switches. Table 2. 1 assurnes that the lunar surface flag
in the AEA is not set, i.e., address 604 is a positive nurnber, and that
the three Attitude Control switches are in the MODE CONT position.
Placement of these three switches in the PULSE or DIR positions results
in inhibiting the AGS from LM attitude control. The functioning of the
ABORT and ABORT STAGE with respect to the AGS is also shown in
Tab1e 2. 1.

'*R.f"" to Sections 4.0 and 6.0 for complete description of these switches.
Throughout this docurnent reference is made to the ttMode Control

Switch.'r Reference to the I'Mode Control Switch" in this document irnplies
the A.GS IVIode Control Switch.

z- 1.



Tal:Ie 2.7. AGS Control of LM

t\)
I
N)

Engine Cornrnand

Issue according to exist-
ing stafus of APS or DPS.

Issue according to exist-
ing status of APS or DPS.

Issue according to exist-
ing status of APS or DPS.

If Abort or Abort Stage is
not ON, issue engine corn-
rnands according to exist-
ing status of APS or DPS.
If Abort or Abort Stage is
ON, issue E/Of'F when
address 400 is *00000 or
+20000, and issue E/ON
when address 400 is
+10000 and ullage and
velocity to be gained are
in an E/ON condition per
Section 20.

Address
400 AGS Attitude Error Signals

úSee Table s Z. 2 and 2. 3)

Zero

AGS issues zero attiLude error signals.

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

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

AGS issues attitude hold error signals which
control LM attihrde.

AGS issues attitude hold error signals which
control LM attitude.

AGS issues guidance steering error signals
which control LM attitude.

AGS issues Z body axis steering error signals
which control LM attitude.

< +30000

+00000

+1 0000

+20000

< +30000

+00000

+10000

+20000

Mode
Cont

ATT
HOLD

AUTO

ATT
HOLD

AUTO

Guid
Cont

PGNS

PGNS

AGS

AGS

o
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Placernent of only one of the Attitude Control switches in the PULSE

or DIR position during AGS attitude control causes loss of AGS attitude
control in that channel. A detailed discussion of the lirnitations of this
procedure is contained in Section 10.5.

Iil'hen the PGNCS controLs the LM (Guidance Control Switch in the
PGNS position), the AGS is in the Follovv-up Mode. Manual control of
the LM by the flight crew (Mode Control Switch in Attitude Hold, Hand
Control out of detent) atso causes the follow-up signal to be transrnitted
to the AGs. In follow-up, the .{GS'rfollows" the PGNCS by transmitting
Engine On or Off commands in accordance with the existing DPS or APS
engine operation and the attitude control error signals are inhibited from
controlling LM attitude.

The AGS outputs attitude error signals corresponding to the setting
of address 400 for FDAI displaywhen the PGNCS is in control and the
Mode control Switch is in AUTO. A setting of address 400 + 00000
results in a display of zeto attitude error signals on the FDAI, a setting
of 400 +10000 results in guidance steering error signals, and a setting of
400 +20000 results in Z body axis steering error signals. A setting of
address 400 > + 30000 results ín zero error signals being displayed.

AGS operations are selected. mainly through two DEDA selectors:
soo and sto (denoted here by equation symbols). s00 (DEDA address 400)
is the AGS Submode Selector and SIO (DEDA Address 410) is the Guidance
Routine Selector.

Eight states are possible for the AGS submode selector, soo.
These eight states can be grouped into two dístinct rnodes with various
submodes as follows:

Inertial Reference lvrode - Table 2.2 contains the subrnodes of the
inertial reference rnode. The attitude error cornrnands are cornputed
and issued every 40 rnsec.

AIisn and Calibrate Mode - AGS oubputs zero attitude error and
E/OI'F engine cornrnands every 40 rnsec. If the AGS is in control of the
LM, the vehicle attitude rate is darnped only by the autopilot rate gyro
feedback signals. Various subrnodes of the align and calibrate rnod.e are
presented in Table ?.3.

z-3



S00 Subrnode Function

0

7

z

Attitude
Hold

Guidance
Stee ring

Z Body Axis
Ste e ring

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

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

0 Z body axis is oriented parallel
to the CSM orbit plane

S
623

7 Z lrrody axis is oriented parallel
to the plane defined by the unit
vector ï\IO. See Section L0.2

AGS attitude error cornrrì.ands cause the LM X-'.
body axis to be parallel to the CSM orbit plane
and the LM Z body axis to be oriented as folLows
If

S

0

7

The LM Z body axis is directed
toward the AGS indicated position
of the CSM

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

507

Table 2.2 Subrnode of Inertial Reference Mode

SrO always selects one of the six possible guidance routines pre-
sented in Tat:.Le 2.4. Guidance calculations associated with the selected
routine are cofitpleted every two seconds regardless of the SOO selection.

Before cornmencing guidance operations, it is irnperative that the
AGS be aligned, tirne initialized, and LM and CSM epherneris data initial-
Lzed. The necessity for alignrnent is obvious. The entry of LM and CSM
ephemeris data is required because every guidance selection (every SrO

selection) uses both the LM and CSM ephemerides in the guidance and
steering computations. Performing navigation updates throughout the
mission (by either PGNCS downlink, DEDA entry, or rendezvous radar) is
also recomrnended. Navigatíon updates prior to the CSI and TPI phases

z-4
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Table 2. 3. Subrnode s of Align and Calibrate Mode

are highly desirable because total propellant expenditure to rendezvous is
highly dependent upon the accuracy of these ñìaneuvers.

'when the LM is under full AGS control (i. e. , having engine control
as well as attitude control), the Engine ON signal cannot be generated
unless the AGS Subrnode selector is in the guidance steering selection
(SOO = 1). Engine ON is autornatically generated after ullage has been
sensed f.or a specified nurnber of consecutive computer cycles (2 sec per
cycle). The AGS recognizes ullage to have occurred. when the average
acceleraliun in the *X body directlon exceeds 0. I fps2.

S00 Subrnode Function

3 AGS to PGNCS Align

4 Lunar Align

5 Body Axis Align

Gyro and Acceler-
orneter Calibration

Accelerorneter
Only Calibration

6

7

AGS is aligned to the IMU stable mern-
ber. This subrnode should only be
entered when the PGNCS is operative
and properly aligned.

AGS is aligned to the desired inertial
coordinate systern (depends upon the
norninal launch site). This subrnode
is to be used only on the lunar surface.

AGS inertial reference frarne is caused
to be coincident with the LM body axes.

In coasting flight, gyro and acceleroñt-
eter bias calibration is accornplished.
Accelerorneter caLibration is cornpleted
ín 32 seconds; gyro calibration is corn-
pleted ín 3OZ seconds. The gyros are
calibrated against the PGNCS IMU.
Thus this rnode should not be entered
if the PGNCS is inoperative. On the
lunar surface, only gyro calibration is
aceornplished when this mode is entered
provided Sr a has been entered(Iunar
surface fla-g-set). PGNCS need not be
operative.

In this rnode only accelerorneter cali-
bration is accornplished. This rnode
should be entered only when in free
flight and never on the lunar surface.
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c"lo Mode Function

0

I

z

3

4

5

Orbit Insertion

CSI

CDH

TPI Search

TPI Execute

External AV

Guidance soLutions are generated to
drive the LM to specified orbit injec-
tion conditions

Guidance solutions are coûl.puted to
e stablish appropriate LM/ CSM phasing
at TPI tirne. Thrusting is not perforrned
with this selection.

Guidance solutions are computed to
place the LM into an orbit that is
coelLíptic with the CSM orbit. Thrust-
ing is not perforrned with this selection.

AGS evaluates various direct transfer
rendezvous solutions. Flight crew
selects desired solution. Thrusting is
not perforrned with this selection.

Guidance solutions are computed to
cause the LM to be on a CSM inter-
cept trajectory or for the LM to in-
tersect the CSM orbit plane at a
specified tirne prior to nominaL
rendezvous tirne. Thrusting is not
perforrned with this selection.

Guidance solutions are generated to per-
forrn a specified thrust maneuver. Atl
thrusting, except orbit insertion, is
done in this rnode.

Table 2.4. AGS Guidance Routínes

When the LM is not under ful1 AGS control, i. e.,

a) 'W'hen neither the "ABORTTT nor "ABORT STAGE't
button is depressed, or

b) 'When the Mode Control switch is not in the AUTO
position and SOO < 3, or

c) lMhen the Guidance Control switch is not in the AGS
position,

the AGS will issue engine coñtûìands (ON or OFF) that correspond to
actual engine operation as deterrnined by the state of the Descent Engine
ON and Ascent Engine ON discretes.

e

)
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Under full AGS control, the LM engine (APS or DPS) is auto-
rnatically comrnanded Or.l. when the velocity to be gained in the *X-body
direction is less than the norninal ascent engine thrust decay velocity and

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

DEDA accessible constant set at 70 fps for Apollo 14). This dual check
serves the purpose of rnaintaining the engine ON if an Abort occurs during
powered flight with the LM poorly oriented for the abort rrr.aneuver and the
velocity to be gained is greater than the 70 fps threshold.

'When the velocity to be gained (LM under full AGS control) is less
than 15 fps and the sensed thrust acceleration level in the *X-body axis
direction is greater than 0.1 fps2, the desired thrust direction is fixed
in inertial space (a forrn of attitude hold). If this were not done, the LM
desired attitude rnight go through an undesirably wide excursion in an

atternpt to achieve perfect velocity cutoff conditions. Large attitude
variations near the end of a rnaneuver are undesirable. The velocity
cutoff errors incurred by fíxing the desired attitude prior to engine cut-
off are srnall. After the rnaneuver is cornpleted, srnall cutoff errors can
be rernoved (if desired) by the axis by axis velocity trirn capability of the
AGS (see Section 28).

Staging of the LM descent section is executed by depressing the
TTABORT STAGE'| button on the instrurnent panel. The staging sequence

begins only when Engine ON cornrnands are issued. During a thrusting
rnaneuver, the staging sequence will begin irnrnediately upon depression
of the TTABORT STAGE" button (assurning all panel controls which transfer
control of the LM to the AGS have been set properly). The AGS rnust
sense sufficient average thrust acceleration throughout the staging m.aneu-

ver so that ullage is rnaintained (unless the ullage counter threshold, 1K9,

has been set to 0). 'When the AGS receives verification frorn the CES that
the Ascent Engine is ON, the systern autornatically enters the Attitude Hold
subrnode. After a prescribed tirne interval between 0 and 10 seconds
(set at Z.48 seconds for Apollo 14), the AGS autornatically enters the nor-
rnal guidance steering subrnode.

A functional flow chart (Figure 2.Ll of. the AGS control logic is
presentecl below. This logic shows how the external discrete signals
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(13, through 96), and the AGS subrnode selector (Sgg) cornrnand AGS attitude
error and Engine ON/OFF signals. The lunar surface flag 5r, (indicated
on the flow chart) is set to I (lunar surface) when any value is entered
into the store landing azirnuth DEDA selector (St¡). ôr, is set to 0 at
APS engine ignition. The ôr, lunar surface flag MUST be set to 1 after the

LM lands on the rnoon in ord.er that the LM position and velocity can be

properly reinitialized and updated on the lunar surface.

Z.Z AEA Autornatic Function Switchins

In this section, a discussion is given of the autornatic function
switching that is perforrned by the AGS.

2.2.L AGS Guidance Engine OFF

At the tirne the AGS cornpletes a rnaneuver by issuing Engine Otr.tr.,

two things occur:

a) SOo is set to zero thus putting the AGS in the attitude hotd
subrnode.

2.2

b) The ullage counter will be reset to zero within 2 seconds when
the average sensed acceleration drops below 0.1 fpsZ for a

two second period.

2 AGS to PGNCS Alien

c,

AGS to PGNCS align is selected by s.etting the subrnode selector
S0O = 3. Two seconds later, AGS to PGNCS align is cornpleted and SOO

is set to zero (attitude hold) autornatically.

2. Z. 3 Calibration

Calibration is selected by setting the subrnode selector to SOO = 6.

If in orbit, an AGS to PGNCS alignrnent is done autornatically and the ASA
gyros are then calibrated against the PGNCS IMU and the AS"A' accelerorneters
are calibrated in the ttzeto- sensed accelerationrr condition of free fa1l.
The accelerorneter calibration is cornpleted in 32 seconds, and the gyro
calibration is cornpleted in 302 seconds. If on the lunar surface only the
gyros are calibrated. The ,A'GS subrnode selector switches to SOO = 0 auto-
rnatically to end the calibration.

z-g



Accelerorneter calibration only (during free fa1l) is cornrnanded by

setting SO0 = 7. Calibration is cornplete in 32 sec. The AEA autornati-

cally resets SOO to 0 after 302 sec; it rnay be rnanually reset after 35 sec.

2. Z. 4 Epherneris Data

Epherneris data are entered into the AEA by setting Sf+.

st¿ tr-unction

Initialize LM and CSM state vectors via PGNCS
downlink

I

Z Initialize LM state vectors with rnanual entry
(DEDA) of externally supplied data

3 Initialize CSM state vectors with rnanual
entry (DEDA) of externally supplied data

'W'hen initíalization is cornpleted, Sl4 i" autornatically set equal to zero.

2.2.5 Lunar Surface Stored Azirnuth

The LM azirnuth orientation is stored by any DEDA entry into Str.

S* does not reset. However' a new entry into S* will cause the AEA

to store a new azirnuth orientation. The entry for S* also causes the

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

2.2.6 Radar Directed *Z-Bodv Axis Direction Cos ines

Radar Directed *Z-Body axis direction cosines are saved in the

AEA within 0. 5 seconds after setting SI5 = 1. The value entered is not
actually stored in SrU and thus, an SrU readout would not be rneaningful.

2.2.7 External AV Reference

The External AV rnode (Sl0 = 5) cornputes a AV vector in inertial
space which is defined by the LMrs local level coordinate systern at
the targeted ignition tirne.

o
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2.3 Systern Lirnitations and Constraints

Constraints irnposed on systeñì operation are indicated where appro-

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

that do not readily fit in other sections but are irnportant to systern opera-

tion.

2.3" 7 Sensor CapabiLity

The maximurn capability of the AGS gyro/electronics subsystem is

25 deglsec around each a;<is. Ma:cirnurn capability of each AGS acceler-
ometer is 96 f.tl sec?.

2.3.2 DEDA Processing in Octal

Those regions of AEA ûìemory which are not selected for DEDA

processing in decirnal forrnat are processed in octal. Since the DEDA

readout or entry consists of a sign plus five digits, onLy 16 bits (sign plus

5 octaL digits) can be transferred as an octal val-ue. Thus, when outputting
frorn an octal processed rnernory address, the two least significant bits

of the internal cornputer word are ignored. lil'hen an entry is rnade into an

octal processed mernory address, the two least significant bits are auto-

rnatically set to zeto. The result is that any value input in octal is
quantized at four birnes ite internal cornputer quantizatíon.

2.3,3 DEDA EN trie s and Readouts

The following two rules should be observed to preclude any DEDA

operation problern due to cornputer tirning.

A) DO NOT DEPRESS ANy TWO DEDA CONTROL PUSHBUTTONS
(CLEAR, ENTER, READOUT OR HOLD) WtTHtN .ó SECONDS
OF EACH OTHER EXCEPT WHEN DEPRESSING CLEAR TO ERASE
THE PREVIOUS OPERATION.

B) AFTER A DEDA ENTRY, DO NOT COMPLETE ANOTHER ENTER
oR READOUT SEQUENCE (DEPRESS ENTER OR READOUT)
WITHIN I.5 SECONDS OF THE TIME THE DEDA DISPLAY HAS
GONE BLANK FOLLOWING THE DEPRESSION OF ENTER.

2.3.4 Readout of Perifocus and Apofocus Altitude

Perifocus altitude and apofocus altitude can be read out via DEDA
address 403 and 315, respectively. For orbits whose eccentricity

)

e
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exceeds 0.125, the perifocus altitude and apofocus altitude quantities
are rneaningless. Perifocus altitude will read out as the negative
value (2K3 rninus 5J) in this situation.

2.3.5 Overflow of Accurnulated Velocity Counter

VU* is the accurnulated thrust velocity in the X-body axis direction.
This terrn also contains the effect of uncornpensated accelerorneter bias,
If this quantity overflows during coasting flight no deleterious effects will
result. However, it is undesirable to have an overflow during powered
flight. For this reason, if rnore t}:an 4 hours are spent in orbit with the

AGS operating and no thrust along the *X-axis occurs, one of the following
entries should be rnade via DEDA:

If vehicle is unstaged enter

If vehicle is staged enter

404 -12345

404 +00000

2.3.6 Detection of Cornputer Restart

Power transients, under certain conditions, have been known to
cause the cornputer to restart. It is irnportant that a cornputer restart be

recognized when it occurs. 'W'hen a cornputer startup or restart takes
place, the cornputer sequences through the power turn-on routine given in
Section 7.0.

Briefly, this routine resets sorrle flags and discretes, cornrnands

attitude hold subrnode (SOO is set to 0), sets switches SrO through S' to 0,

VOX and VU* to 4K27, and rnornentarily sends the test rnode fail discrete.
An Engine off signal is a result of the power turn-on sequence.

'When start-up or restart occurs, the AGS caution and warning larnp
is lit and the rnaster alarrn isactivated. This is the only irnrnediate
indication that a cornputer restart has taken place.

'W'hen a cornputer restart has occured, the AGS should be reini-
tialízed as soon as possible, per Section 13.

I
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O DEDA OPERATION, CONTROLS, AND DISPLAYS

I DEDA Operation

As shown on Figure 3.1, the face of the DEDA contains the
followingl

a) Ten pushbuttons marked zero through nine

b) A pushbutton marked plus (*)

c) A pushbutton rnarked rninus (-)

d) A pushbutton marked "CLRrt

e) A pushbutton rnarked I'ENTR"

f) A pushbutton rnarked "READOUTil

g) A pushbutton rnarked 'rHOLDrr

h) Two electro-lurninescent display windows; the top
one for the 'raddressrr and the bottoffr one for the
value for the desired word

i) An operator error light

3. 1. 1 Data Insertion

The sequence of operations necessaïy to insert data into the AEA
via the DEDA is as follows:

' a) DEPRESS the ttCLR" pushbutton - this operation initializes
(clears) the DEDA systern and blanks all lighted characters.
The rtCLR'r button rnust always be depressed prior to any
DEDA entry.

b) DEPRESS three consecutive digits - this operation identifies
tJ:e address of tJre AEA rrremory core location into which the
data is to be inserted. The address is in octal forrn and the
nurnber must be 704 or smaller. This is because the Flight
Progla¡n will not process data with an octal address larger
t}:.an 7 O 4. Also, octal addresses less than 26 will not be
proce s sed.

h s
the data to be ins

WHEN KEYING THE DEDA, EACH PUSHBUTTON SHOULD BE
DEPRESSED TO THE LIMIT OF TRAVEL TO INSURE MAKING SWITCH
CONTACTS.

+c)
orrn s

the
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tr'igure 3.1 DEDA and Bottorn Side Panel (Panel 6)

d) DEPRESS five consecutive di its corres ondin to e nurnerical
value e data to be inserted decirnal or octal, as
appropriate for the entry).

e) Verify the entry by cornparing the illurninated display with
the desired address and desired nurnerical value.

f) DEPRESS the rrENTRil pushbutton - at this tirne the word is
entered into the A.EA and the address and data displays are
extingui shed.

3.I. Z Data Readout

The sequence of operations necessary to read the contents of a fiì.elnory
ceLl within the A'EA is as folLows:

a) DEPRESS the trCLRrr pushbutton - this operation initializes
(clears)the DEDA systern and blanks all lighted characters.
The rrCLRrr button rnust always be depressed prior to any read-
out.

b) DEPRESS three consecutive digits - this operation identifies
the address of the AEA El.ernory core location frorn which data
is to be extracted. The address is in octal forrn and rnust be
no larger than the nurnber 704. If a nurnber larger than

3-2
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7 O 4 is entered into the address, the address
display will be extinguished when the TTREAD-

OUTrr pushbutton is ãepgessed. Octal addresses less
ttran26 are treated in the sarne way as addresses
greater than 704.

c) verify the entry by comparing the illurninated address with
the desired address.

d) DEPRESS the "READOUT" shbutton - after the I'READOUT"

Pus tton s been depressed, the ue of the displayed
quantity and its add.ress will be updated twice per second.
The operator can rnaintain (or hold) a value on the display by
depres sing the I'HOLDrtbutton. This value is maintained on
the display until either the I'READOUTTt button is depressed
(at which time the disPlaYe d quantity is updated twice Per
second) or until the '|CLR'r Pu shbutton is dePressed (at
which tirne the DEDA systern is init
rnand and the displays are blanked).

íalized for the next corn-

3. 1. 3 Decimal Point Location

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

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

d"ecimal quantity being entered or read out. This inforrnation is contained

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

100 ft, tt'en 42,300 ft is entered or displayed as t00423'

Interpretation of octal quantities on the DEDA is considerably more

complex than decimal. Conversion from scaled 2ts complement binary

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

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

3,2 erator Error

The DEDA is capable of detecting certain operator errors and indi-
cating this by illuminating the'roperator error" indicator on the face of

the DEDA. The operator error indicator remains illuminated until the

ItCLRrr pushbutton is depressed. The DEDA is then ready for a new

instruction. The following errors will cause the itlumination of the oper-

ator error signal:

a) The "ENTR" pushbutton is depressed before nine keys have
been depressed following the last depression of the trcLR'l
pushbutton.
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b) More than nine keys have been depressed since the last
depression of the rrCLRil button.

c) If a plus or minus.is entered in other than the fourth
po sition.

d) lf a plus or rninus is not entered in the fourth position.

e) If the "READOUTTT button is depressed before three digits
have been entered since the last depression of the I'CLRrr
pushbutton.

f) If the "READOUT" button is depressed after rnore than three
digits have been entered since the last depression of the
'rCLR'r pushbutton.

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

h) If a quantity is being read out and the "ENTR'| button depressed.

Several operator errors can occur that do not cause the illurnination
of the operator error signal.

a) If any nurnber gr"eater t}:ar' 7 0 4 or less than26 is entered
into the address portion of the display along with other
nurnbers to be entered, the DEDA will exhibit an odd
display when the ItENTRtT button is depressed. The
nurnbers will shift and several entry slots will be
blanked.

b) If any nurnber greater tlnan 7 0 4 or less than 26 ís
entered into the address portion of the DEDA and
the "READOUTTT button depressed the DEDA will be
blanked.

Address values greater tl.:anT 0 4 or less than 26 are
used for prograrn instructions and are protected frorn
DEDA entry. lf such entries are atternpted, the symp-
torns described above will occur. Norrnal operation
will be restored by sirnply depressing the rrCLRrr push-
button.

IF AN OCTAL QUANTITY IS ENTERED WITH A DIGIT GREATER
THAN 7 OR IF A NUMBER GREATER THAN ITS ALLOWABLE RANGE
rs ENTERED VrA THE DEDAA COMPUTER PROCESSTNG ERROR
WI LL RESULT. IF THE ADDRESS IS READ OUT, THE DISPLAY WILL
BE DIFFERENT THAN WHAT WAS ENTERED.
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c) Although - 00000 is a valid DEDA entry for the setting
of certain flags as specified elsewhere in this rnanual,
it is not a valid entry for a nurnerical zero. In Zts
cornplernent arithrnetic, this entry gives a rnaxirnurn
negative nurnber.

DO NOT ENTER JOOOOO FOR A ZERO

OCTAL DATA ENTRY. 
*

3. 3 Controls and Displavs

This section contains a description of the controls and displays util-
ized in AGS operations. Reference is rnade to Figures 3. I through 3. 7

which were obtained frorn Reference 3.

t'Thi" restriction only applies to octal data. For exarnple, an entry of
- 00000 into location 047 would be interpreted by the AEA to be -4. 0 for
the SINE of the LANDING AZIMUTH ANGLE instead of ZERO.

J
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3.3.7 Instrurnent Panel Guidance and Control SeIect Switches

Switch Position Function

AGS Status
Switch

Guidance Control
Switch

AGS Mode Control
Switch

Attihrde Control
Switche s
(Roll, Pitch, and
Yaw)

OFF

STANDBY

OPERATE

PGNS

AGS

AUTO

ATT HOLD

OFF

MODE CONT

PULSE

DIR

Applie s inhibit standby signal to
ASA and applie s standby signal
to AEA

Rernove s inhibit standby signal
to ASA and applies standby sig-
nal to AEA

Rernove s standby signal to
AEA, AEA enters flight pro-
grarn

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

Rernove s follow-up signal

Applie s autornatic signal to AEA
and inhibits follow-up discrete
when Guidance Control Switch is
in 'rAGS" position

Rernoves autornatic signal: AGS
in Attitude HoLd. The AGS goe s
into follow-up if the attitude
controller (hand controller) is
out of its detent even if AGS is
selected on Guidance Control
Switch

Inhibits AGS RCS firing.
Autornatic signal rernoved frorn
AGS, as in A/H

Controlled by Mode Control
Switch

Manual pulse control on per
axis basis

Manual direct control on per
axis basis
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3.3.2 Radar Controls and Displays

Instrurnent Function

RANGE DISPLAY

RANGE RATE EISPLAY

SLEW S\4/ITCHES

SIGNAL STRENGTH METER

RENDEZVOUS RADAR MODE
SELECT S\ATITCH

SHT'T/TRUN AÀTGLE

Tape rneter used to display
radar range (scaled in ft
when <60, 500 ft, n. rni.
when >60, 500 ft)

Tape rneter used to display
radar range rate (scaled to
+700 fps)

Used for rnanual driving of
rendezvous radar antenna

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

SeLects either automatic or
rnanual drive of the antenna

Selects +5o or +50o scaling
for rendezvolls radar girnbal
display
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3.3.3 Additional Astronaut Controls and Disol-avs for AGS Ooeration

)

Instrurnent I-unction

Abort Button

Abort Stage Button

Engine Stop Button

Attitude Controller

DSKY

Event Tirner

Flight Director Attitude
Indicator (FDAI)

Altitude Tape Meter

Altitude Rate Tape Meter

X-Pointer

RNG/ALT MON

Applies abort signal to AEA and arrns the
dõscent engine. A second depression of
the button rernoves the abort signal.

Applies the abort stage signal to AEA
and arrns the ascent engine. Initiates
staging sequence if vehicle is unstaged
and E/ON is cornlrlanded. A second
depression of the button refiloves the
abort stage signal.

Used to shut off descent engine and to
inhibittrEngine ONtr cornrnand. A sec-
ond depression of this button releases
it. (Note: The engine stoP button
will not shut off ascent engine if the
Abort Stage button is set).

The hand controller used for rnanually
orienting the LM

Used here for AGS state vector initiali-
zatíon via PGNCS downlink and for AGS
cornpute r tirne ínitialization.

Used here for countdown to AGS burns

Instrurnent used to display vehicle atti-
tude, attitude rate s, attitude errors' or
rendezvous radar shaft and trunnion
angle s

Tape rneter used to dispLay altitude
(sarne display as used for radar range)
Not valid above 76840 f.t.

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

Instrurnent used to display cornponent of
inertial velocity norrnal to CSM plane,
VuO (+ZO0 fPs)

Used ?or selecting radar range and
radar range rate or aLtitude and altitude
rate on the taPe rneters.

J
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Instrurnent Function

Mode Sel

Rate Error Monitor
Switch

Attitude Monitor Select
Switche s

AEA Circuit Breaker

ASA Circuit Breaker

AGS Circuit Breaker

AGS Caution and
\fu-arning Larnp

Thrust/ Translation
Controller

Attitude / Translation
Switch

* X Translation Button

Manual Throttle
Selection Switch

Deadband Switch

ìBalanced Couple Switch

Used for selecting source of input to
tape rneters and cross Pointer.

Used for selecting rendezvous radar girn-
bal angles, or attitude errors to be dis-
played on the FDAI and inforrnation to
cross pointer.

Select PGNCS or AGS inputs to FDAI

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

Applies 28V DC and heater po\Ã/er to ASA

Applies 115V, 400 cps for Digital to
Analog converters in AEA

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

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

Used for selecting 2 or 4 iet operation
for X translation or pitch and roLl
attitude rnaneuver

Can be used for creating ullage

Selects translation controller frorn which
throttle signals are accePted

Selects naïro\M or wide deadband if guid-
I 
"rl"u control switch is set to AGS and

Used for selecting 'tunbalanced coupleI
during AGS ascent engine (rnain) burn.
This inhibits firing of RCS jets opposite
to rnain engine thrust when in the rrOFIrrr

position

, changes the error needle scaLing. During
lrnainengine firing the systern autornati-
cally gou" to the Àat"ow deadband regard-
less of the switch setting.

)
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Instrurnent tr'unction

Thrust Control Switch

Throttle/Jet Control
Select Lever

DES QTY Vy'arning
Light

ASC QTY Caution
Light

Main Propulsion
Quantity

Provides capability of switching frorn
autornatic control and display to rnanual
throttle control and display (PGNCS
control)

Used to select the throttle capabiLity of
the related thrust/translation controller,
or X-axis RCS translation. Note the
RCS Y and Z axis translation capability
rernains with either switch setting

Indicates a low quantity of propeLlant
rernaining for the descent engine

Indicates a low quantity of propellant
rernaining in ascent engine (approxirnately
L0 seconds of propellant)

Indicates quantities of oxidizer and fuel
in the selected propulsion systern
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4.O

4.I

A'GS INPUTS

This section contains a description of all inputs to the AEA.

Hardwired Inputs

4.L.7 Accelerorneter Inputs (AV*i, Ot,r' AVzi)

The accelerorneter data input to the AEA is in the forrn of pulses.
For each accelerorneter, an acculnulation of. 640 pulses per 20 rnseconds
(an intentional bias) indicates no acceleration. The equations subtract 640

pulses (1K7) frorn the nurnber of pulses accurnulated in 20 rnseconds. The

difference is the net nurnber of sensed pulses with respect to zero acceler-
ation. The net nurnber of pulses is then rnultiplied by the appropriate
scale factor (1K18, 1K20, LKZZ) to convert pulses to feet per second per 20

rnseconds. The values of the three constants just discussed are obtained
frorn bench test calibrations on the ,{SA prior to launch. If necessârlr
these constants can be rnodified via the DEDA as explained in Section 6. 1.

Accelerorneter biases are com.pensated by the constants 1K19, IK'ZI, and 1K23

and are also DEDA accessible (See Section 6. 0)ì

The accelerorneters on the AGS are always in use when the systern is
operating. Every two seconds, the accurnulated sensed velocity is used to

update the estirnated position and velocity of the LM. Because of the ac-
celerorneter biases, the accelerorneters can indicate non-zero outputs
when the vehicle is not thrusting. If these non-zero outputs \Ã/ere used,

the estirnated LM position and velocity would gradually increase in error.
To avoid this situation, a threshold. of 0. 25 fps (1K35 ) is
placed on []re lutal uenued velr-rcity, If the tr-rtal uenuecl velocil.y ¡tccurnu-

lated over a 2 second period is less than this threshold, the thrust
acceleration used in the navigation equations is set to zero.

4.1.2 Gyro Inputs (Ao*i, Aour, Aori)

The gyro data inputs to the AEA are in the forrn of pulses. A'n

accurnulation of 640 pulses per 20 rnseconds indicates no change in vehicle
attítude. The equations subtract 640 pulses (1K7) frorn the nurnber of
pulses accurnulated and the difference is the net nurnber of sensed pulses
of attitude change. The net nurnber of pulses is rnultiplied by the norninal
scale factor (1K2) to convert the pulse count to radians. A. fine
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correction to the scale factor is afforded by the constants 1K3, lKB, and

1K13. The correction constants are DEDA accessible. Gyro biases are

corrlpensated by constants lKl, 1K6, and 1K11 which are DEDA accessible.

In addition, an X-axis gyro correction terrn is available for the gyro

spin axis rrLass unbalance error. This correction is available by the

DEDA accessible constant 1K14.

4.I.3 IMU Gimbal Angles (40, AÙ, AÔ)

Girnbal angle incrernents are continuously obtained by the AEA in the

forrn of pulses. The pulses are accurnulated and used during AGS-to-
PGNCS align and during inflight gyro calibration.

4.I.4 CDU Ze,ro

The CDU Zero signal is a short duration signal (320 rnseconds) frorn
the PGNCS that is used to clear the AEA girnbal angle registers. The AEA
girnbal angle registers then count up pulses to obtain the girnbal angles.
AGS-to-PGNCS align should not be perforrned any sooner than 30 seconds

after the CDU Zero is issued in order to allow tirne for the girnbal angles
to achieve the correct value.

4.L.5 PGNCS Downlink Data

The PGNCS Downlink Telernetry Line is used to provide AGS

navigation initializatíon data on a special downlist and RR data for the

AGS autornatic RR update routine within the norrnal Rendezvous and

Prethrust Downlist.

For state vector inítíaLization, the special word list is

sequentially transrnitted a total of 10 tirnes for each cornrnanded trans-
rnission. This cornrnand is provided to the LM guidance cornputer (LGC)

via the Display and Keyboard Assernbly (DSKY). The data list is

read and stored one tirne only by the AGS. The sequen'ce of data trans-
rnitted is shown in Table 4. 1.

For RR data transfer, the norrnal 100-word Rendezvous and Prethrust
Downlist is used with the pertinent data located within the first 17

words as shown in Table 4. 1. These data are transrnitted and used

by the AGS approxirnately once per rninute during the autornatic RR update.
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Table 4. I PGNCS Downlink lff'ord Sequence

Notes: 1) X, Y, and Z are IMU stable rnernber coordinates and are
therefore cornpatible with AGS coordinates.

2) 'W'ords 18 through 100 in either downlist can not be read in
by the AGS prograTn.

Navi gati on Initiali z ation RR Data Transfer

1

2

3

4

5

6

1
I

B

9

10

11

LZ

13

T4

ID 1üord (777768)

LM X-position

LM Y-position

LM Z-position

Epoch (rnost significant word)

LM X-velocity

LM Y-velocity

LM Z-velocity

Epoch (least significant word)

CSM X-position

CSM Y-position

CSM Z-position

Not used by AGS

CSM X-velocity

CSM Y- velocity

CSM Z-velocity

Not used by AGS

15

16

T7

ID Word (77775g1

Not used by AGS

Not used by AGS

Not used by AGS

Not used by AGS

Not used by AGS

Not used by AGS

Not used by AGS

Not used by ,A'GS

Not used by AGS

Not used by AGS

RR trunnion angle

RR shaft angle

RR range (raw data)

RR range rate (raw data)

AGS RR cornposite code word

Not used by AGS

I

z

3

4

5

6

7

I

9

l0

11

T2

13

l4

15

L6

L7
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4.I.6 Telernetry Control Sienals

The AEA receives several signals frorn the Instrurnentation Subsystem
to control the telernetry output data. The ,A"GS downlink ''STOPrr pulse

indicates that the previous telernetry word has been transrnitted and the

AGS downlink bit sync pulses are the clocking signals to shift the bits
out of the register.

4.L.7 Downlink Control Sisnals

The .A.EA receives signals frorn the Instrurnentation Subsystern to

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

downlink trSTOPrr pulse indicates to the AEA that a cornplete word has

been entered into the register. The PGNCS downlink trBit Sync Pulses"
are the clocking signals used to shift the bits into the register.

4. 1. I DED.A, Discretes

Four discretes are received by the AEA frorn the DEDA.
d.iscretes control the DEDA operation and are:

1) DEDA ''CLRl'
2l DEDA nHOLDil

3 ) DEDA t'ENTR'r

4l DEDA "READoUT"

The effect of these discretes is discussed in Section 3.1.

4.I.9 GSE Discretes I and 2

These

Two input discretes are received frorn the Ground Service Equiprnent
(GSE) when the AEA is receiving the Fïogra.m. GSFìl is set try the test
equiprnent to notify the cornputer that a word has been transrnitted. GSE2

is used in conjunction with GSEI to denote the end of the block of words
transrnitted.

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

Six discretes are received frorn the Control Electronic Section.
These discretes, designated with the syrnboi B and explained below, are
autornatically received by the AGS when the appropriate circurnstances
exi st.
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4. 1. 10. I Engine Discretes (É, and ßr)

The following two discretes are received frorn the CES:

1) DESCENT ENGINE DISCRETE (p') - This discrete has the
logic value of 0 if the descent engine is Ol.F and the logic
value of 1 if the descent engine is ON.

2,1 ASCENT ENGINE DISCRETE (8") - This discrete has the
logic value of 0 if the ascent engÍhe is OFF and the logic
value of I if the ascent engine is ON.

4. 1. 10.2 r.ollow-Up Discrete (4')

The follov/-up discrete is transrnitted to the AGS under either of
the following conditions :

1) Guidance Control Switch in the 'rPGNSrr position

Zl Mode Control Switch in 'rATT HOLD" and Attitude
Controller is out- of-detent

'W'hen the follow-up discrete is present (Ê, = 1), all engine

cornrnands and attitude error signals issued by the AGS to the CES are
inhibited frorn controlling the rnain engines or RCS thrusters. 'With the

Guidance Control Switch in the I'AGSrr position, the follow-up discrete
is rernoved frorn the AEA' (þZ = 0) unless ATT HOLD is selected on the

Mode Control Switch and the Attitude Controller is out-of-detent.

4. 1. 10. 3 Autornatic Discrete (Bn)

The presence of the autornatic discrete in the AEA is cornpletely
controllcrl by thc Modc Control Switch.

AGS Mode Control Switch Position Autornatic Discrete
oFr'

A'TT HOLD
AUTO

Absent
Absent
Present

(ßn = ol
=

(ßn = 0)
=

(ß+ = Ll

The presence of the autornatic discrete is one of the necessary conditions
for the AGS to exert guidance steering (not rnerely attitude hold) and

engine control.
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4.I.1O.4 Abort Discrete (Br)

Depression of the Abort button on the instrurnent panel applies
the "ABORT" signal (þt = 1) to the AEA. A second depression of the
Abort button rernoves the signal (p6 - 0).

4. 1. 10. 5 Abort Stage Discrete (BU)

Depression of the Abort stage button on the instrurnent panel
applies the 'TABORT STAGE'Ì signal (þS = 1) to the AEA. A second de-
pression of the Abort Stage Button reûroves the signal (ÉS = 0).

4.2 DEDA Inputs

Many quantities can be input via the DEDA. The quantities rnost
likely to be used during a rnission are presented in section 6.0 for
both the Lunar and Earth rnissions. Appendix A contains a rnore cornplete
list of DEDA accessible quantities.

J
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5.0 Á.GS OUTPUTS

5. 1 Hardwired Outputs

The outputs discussed in Sections 5. 1.1 through 5. 1.4 will not be

updated and will rernain at their previous values for one 40 rnsec cycle
when an autornatic radar update is äccepted frorn the PGNCS downlink.

5. 1. 1 Attitude Erior Cornrnands

Sign and rnagnitude of the lirnited angular errors (EX, Ey, EZ)
about the three vehicle body axes are updated every 40 rnsec and output to
the CES and to the displays. These error signals drive the vehicle attitude
to the desired attitude as discussed in Section I0. 0.

5.L.2 Engine ON Cornrnand

Each 40 rnsec, the Engine ON cornrnand is updated and sent to the
cEs if the conditions given in Tables 5. 1-A or 5.1-B are satisfied.

Table 5. 1-4. Conditions for Engine-On Cornrnand

Status Cornrnent

a)s 00

and

b) Either Guidance Control Switch
is in PGNCS position

or
Guidance Control Switch is in
AGS position and Mode Control
Switch is in A/H

and

) Either Descent or Ascent Engine
ON discrete present

3

Ftr' cornrnandiil: Ëäi,l"og

If Mode Control switch is in Auto,
then the condition in Table 5. 1- B
below rnust be satisfied for the En-
gine ON discrete to be cornrnanded

If neither the Descent nor the Ascent
Engine ON discrete is present, the
Engine OFF discrete will be corrr-
rnanded
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Table 5. 1-8. Conditions for Engine-On Command

(See Section 20.2 for further explanation of Engine-On logic. )

Status Cornrnent

a) Guidance Control Switch is in
AGS position

and

b)

and

c) Mod.e Control Switch in AUTO

and

d) Either ABORT or ABORT
STAGE button depressed

and

e) Ullage condition is satisfied
(average thrust acceleration
exceeds 0. I fps2 for 1K9 con-
secutive 2-sec cornpute cycles)

and
f ) Either velocity-to-be -gained

in the *X body axis exceeds
the norninal ascent engine
tailoff velocily irnpulse (con-
stant 4K25), or the total
velocity- to-be - gained rnagni-
tude exceeds a threshold (con-
stant 4K26)

Soo = I (guidance steering rnode
s electe d

If Guidance Control Switch is in
PGNCS position, then the situation
in Table 5.1-A above exists

With all other conditions in Table
5. 1-B satisfied, any other setting
of 566 will cause the Engine Of'tr'
command to be sent

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

Depressing the ABORT and ABORT
STAGE button arÍIs the descent
and ascent engines, respectively,
in addition to allowing the Engine
ON cornrnand to be sent

,)
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5. 1. 3 Ensine-OFf' C ornrnand

In all situations other than those listed in Section 5. 1. 2 tine Engine
Of'tr. cornrnand is sent to the CES every 40 rnsec.

5.I.4 Sin cu, Cos o, Sin ß. Cos ß, Sin y, Cos 7

Every 40 rnsec, these quantities are updated. They are output
continuously to the FDAI to drive the attitude ball.

5.1.5 Altitude (h)

Every 200 rnsec the altitude above the launch site is output to the
altitude display. This output is not valid in earth orbit or above 76840 ft
in lunar orbit due to the display tape rneter lirnitations (see page 3-IZl.

5. 1. 6 Altitud.e Rate tfrl

Fvery 200 rnsec altitude rate is output to the altitude rate display

5.I.7 Velocity Norrnal to the CSM Plane (VrrO )

Every 200 rnsec the inertial velocity cornponent norrnal to the

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

is positive in the direction of the CSM angular rnornenturn vector.

5. 1. 8 AGS Caution and 'Warnins Larnrr

This larnp is lit when:

a) Inflight self test indicates an AEA rnalfunction
b) The AEA fails to cornplete a rninor cycle within 20 rnsec
c) AS,A' voltages (+12vdc, *2Bvdc, *Z9v 400 cps) are not

within tolerances
d) The therrnal switch in series with the 12vdc line is activated.

This switch is activated at a ternperature of 150 t 5of'.
e) Going frorn OFf'-to-STANDBY and frorn STANDBY-to-

OPERATE.

5.I.9 GSE Discrete 5

After a word has been input to the cornputer via the GSE the cofiL-

puter responds with GSE discrete 5 which is used by the test equiprnent
to initiate transfer of the next word.
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5.2 AGS Telernetry Data

The data provided on the AGS downlink (telernetry) cornprises a

50 word block of cornputer rnernory. All 50 words are repeated every sec-
ond. Thus rrì.any of the words are redundant during the second half of a
2- second cycle (Block B) and can be used for data checking.

The telernetry list is in Table 5.2. The scaling associated with each

quantity appears in the FPB Prograrnrned Equation Docurnent. Note that the
quantity telernetered as word 46 depends on the guidance routine selected.

5.3 AGS Ou ut Telernet Data tr.orrnat

T}:e 24-bit telernetry output word assernbled in the Output Telernetry
Register consists of. a 6-bit ID code and 18 bits of inforrnation frorn a par-
ticular AEA rnernory cell. The ID codes range sequentially frorn octal 01

to octal 62 with the ID code octal 01 being used to designate the first word
of the 50-word block. The ID codes occupy the first 6 rnost significant
bits of the register. The rernaining 18 bits, the cornputer word, represent
either codes or nurnerical data. r.or rulrrìerical data, the 18 bits shall
consist of one sign bit followed by 17 value bits, the rnost significant bit
first. The sign bit is 0 for positive data and l for negative data. The

value bits are in twors cornplernent binary forrnat.

5.4 DEDA Outputs

Many quantities can be output via the DEDA. These quantities are
presented in Section 6.0 and Appendix A for both lunar and earth rnissions.

5.5 DEDA ord Forrnat

A cornplete DEDA word contains 36 bits consisting of nine 4-bit
groups. Each 4-bit group is associated with one of the DED,A' display
devices. There are three 4-bít groups for the address¡ one 4-bit group
for the data sign, ând five 4-bit groups for the data.
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DEDA lirord Format

Total Bits = 36

Code

0 - Zero

X - Either One or Zero

>k l Either One or Zero for binary-coded-decimal data
lZero for octal data

In the 4'bit sign group, the three most significant bits are zeros . A zero
in the least significant bit will indicate a positive sign, while a one in that
location will indicate a negative sign.

0xxx 0xxx O XXX 000x 'kXXX ,kXXX ,kXXX 'kXXX 'l.XXX
12 bits

Addres s
4 bits
Sign

20 bits
Data
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'Word
No.

LD Code
( Octat)

Equation
Symbol Units Ðe sc ription

z

3

8

9

10

11

4

5

6

7

tz

13

14

15

16

L?

18

to

?0

zt

))

)a

z4

)q

z6

0t

0z

03

o4

05

06

UI

10

11

1Z

1,3

t4

t5

10

t7

z0

zl

zz

z3

z4

z5

2,6

30

31

a?

33

E/ON, 51o

at l

t31

4..
J'

I

"f

AV

DD

a

a
z

h

x

tz

Ao
X

"41

6¡s

lz

"13

Ao
Y

Âo z

Ts

ADST

r
-c

AV
v

AV

s ec

s ec

ft

rt

ft

ft

fps

rad

Table 5. 2 Telernetry List

DEDA readout mode
D.EDA processing is

flag; a
in the readout mode

1 in the sign bit indicates

Most recent DEDA data word in computer qnits

DEDA clear mode flag; a I in the sign bit indicates
D.EDA processing is in the clear mode

Row 1 of direction cosine matrix; cosine of angles
between LM X-body axis and each of the AGS
inertial coordinate axes-

Octal address âssociated with most recent DEDA
communication

Row 3 of -direction cosine matrix; cosine of algles
between LM Z-body axis and each of the AGS ine¡tial
coordinate axes.

LM altitude
site radius

Components (x, y,
coordinates; valid

ab-ove the nominal luar landing
(J3); valid at words 23 and 43 time,

Components (x,y,") of LM inertial position, AGS
coordinates; valid at words 23 and 43 time.

Combination o{ the engine command indi.cator and the
guidance mode indicator, Â 1 in the sign bit indicates
that the AGS is issuing an E/oN command and bits
1-3 indicate the state of SrO (see Table 5.3)

z) of CSM inertial position, AGS
at words 23 and 43 time

In OI, predicted value of LM radiue at the
completion of the OI maneuver. In CSI,
CDH, TPI, and XDV, the predicted value
of LM radius at t.* (Word 39).

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

Least significant half of the double precision AGS
absolute time

Cornpensated incremental cornponents of vehicle rota-
tion about the body ues sensed by the gyros in the
20 msec cycle prior to their output. (Ãaw gyro counts
in PGNCS/AGS or body axis align submodei. )

Time to LM Engine Burnout during O1. Valid onlywhen
engine is thrusting and thrust acceleration exceeds I ft/
secZ. Has nomeming inallother guidancemodes.
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Tabl-e 5.2 Telemetry LÍst (Continued)

Word
No.

ID Code
(Octal)

Equation
Syrnbol Unite De s cription

2,8

)o

30

3r

3Z

5J

34

35

36

37

38

39

40

4t

42

43

44

45

46

47

48

49

50

34

35

36

37

40

41

42

43

44

45

46

47

50

5l

5Z

53

54

55

th

JI

bU

67

62

PB lr /s rzr

h

T

T¿o

t
1g

X.
-r, D

t

soo

DISC I C

6r l97a

q
LT

vdx

vd"

Yaz

fPe

fps

fp"

fpe

fp"

sec

3ec

fr

f.t

fpe

Componenta (x, y, zl of present LM ine¡tial velocity
vector, AGS coordinates; valid at words 23 and 43
time

Sto red value of the computer s elf-te st etatua word S 1 2(bits l-3) andtheullagecounter ¡rg(bits 4-l?). See
table 5. 4forS¡2bit configuration. ¡rg is thenumber of
consecutive 2-sec cyclea thatthe aensedX-body axis
ac celeration has exceeded the threshold value.

Componente (x, y, z\ of CSM inertial velocity vector,
AGS coordinates; valid at worde 23 and 43 time

LM altitude rate; valid at words 23 anð,43 tirne

Magnitude of the velocity-to-be-gaíned for the existing
guidance mode. In the orbit ineertion mode, Vç will
be set to a large value if the altitude and altitudË rate
does not satisfy preaent constraints.

Predicted braking AV in TPI.
other guidance mode.

Has no meaning in any

Predicted time frorn nominal CSI burn to CDH burn in
CSI. Ilas no meaning in anv other guidance modes.

Absolute time of next maneuver in CSI, Ct-., TPI,
and XDV. Has no meaning in Orbit Insertion mode.

Components along the x, y, and z inertial axee of
unit vector commanding the guídance desired pointing
direction for LM thrust axis

Most signifícant half of the double precision AGS
absolute time

AGS Function Selector by which submode logic is
selected via DEDA; bits 1-3 indicate the statue of
SOO (see Table 5.5)

Diecretes which make up rrDiscrete Word One", bits
1-8 indicate status (see Table 5-6)

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

Perifocus altitude of LM orbit; valid at words 23
and 43 time

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

o7z 3 4- r.7

Orbit Insertion (OI)

Coelliptic Sequence
Inítiate (CSI)

Constant Dífferential
Altitude (CDH)

Direct Tranefer Search
(TPI Search)

Direct Transfer Execute
(TPI Execute)

External AV (XDV)

000 0

7

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

T 0

7

0

0

7

7 0

7 I

Table 5.3. Bit Pattern, Guidance Selector SrO (Ï[ord l5)

Table 5.4. Bit Pattern, Self Test Indicator Sr, (Word 3l) )

Mode
AEA Bit Pattern

0 I z 3 4-L7

Test Not CornPlete

T est Succes sfully C omPleted

Logic Test Failure
Memory Test Failure
Logic and Memory Test Failure

0

0

0

0

0

0

0

0

I
I

0

0

I
0

I

0

t
I
0

I

0

0

0

0

0

5-8
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Mode
,A.EA Bit Pattern

0 I z 3 4-r7

Attitude Hold
Guidance Steering
Z-Body Axis Steering
PGNCS to AGS Align
Lunar Align
Body Axis Align
Calibrate
Accele romete r C alibrate

0

0

0

0

0

0

0

0

0

0

0

0

I
I
I
1

0

0

t
I

0

0

I

I

0

I
0

I
0

I
0

t

0

0

0

0

0

0

0

0

Table 5.5. Bit Pattern, Mode 'Word SOO (lVord 441

Table 5.6. Bit Pattern, Discrete Input'Word Number One ('\4rord,4Sl

A zero in designated bit indicates ON condition.

Bit No. >! Disc rete

I
z

3

4

5

6

7

I

Downlink T elemetry Stop

Output Telemetry Stop

Follow-up (p3 )

Automatic (9+ )

Descent Engine ON (Þ 
t )

Ascent Engine ON (pZ)

Abort (p, )

Abort Stage (F5 )
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6. O DEDA INPUTS AND OUTPUTS

This section contains a list of DED,A. inputs and outputs for the AEA
that would rnost likely be utilized on a flight. other DEDA inputs and

outputs are contained in Appendix A. To rnake the lists as useful
as possible, the symbol of the quantity as used in the guidance equations
is presented along with the memory address, the quantízatíon and the
allowab1e range of the word. Also presented are the units of the word as

well as a definition or description of the entry. The entries for the
selection logic are presented in Table 6. l. Table 6,2 contains the inputs
for lunar missions,. and Table 6.3 contains the outputs for lunar missions.
Table 6.4 contains the input list for earth missions and Table 6.5 the
output list for earth missions.

6.I DEDA Display or Entry Data Conversion

lWhen entering or displaying data through the DEDA, the numbers
and their placement in the five -digit, data word determine the decimal or
binary point, since the point is not displayed. For the data which is irl
decimal form, the quantízatíorr is given in the accompanying tables. å.s

an exafilple consider the readout of inertial velocity for the lunar rnission.
The DEDA address 433 would be inserted into the DEDA by the fiight
crew after depressing the trCLRrr button. Depressing the ilREADOUTÍ

button would cause a number to appear such as +53210. Since inertial
velocity is quantized at 0. I fps, the inertial velocity should be interpreted
as 5321 fps,

The data which must be entered or displayed. in octal form requires
considerably more manual conversion to interpret in decimal form. These
variables are identified in the tables by listing their binary scaling as
opposed to the quantization for decimal variables. Octal data which is
displayed may be converted to the decimal system by first converting to
the DEDA binary word form, next taking the 2rs complement if the data
has a negative sign, then entering the binary point as specified by the
scaling, and finally converting the data from binary to decimal. This

6-l



procedure is reversed to convert data from decimal to DEDA octal form
for entry via the DEDA.

The binary scaling which determines the placement of the binary
point specifies the range of a variable. For example, a variable whose

maximum value is 0. 0l which is less than 0. 0L5625 = 2'6 may be scaled
at binary -6 which is designated B -6. The most significant bit of the

variable is then equal to 2-7 = 0. OO78IZ5 and the range is actually
*G-6 -l LSB), where LSB indicates "least significant bit.'r This scaling
definition is applied to the DEDA conversions inthe following examples.

Example l. Decirnal -to -DEDA octal conversion
Given sin 6" = -Q. 5625

Conversion to binary gives

-0. s6251 ,o 
* -0. looloolz exacfly

Shift the binary point one place to the left, since
sin 6" is scaled at Bl, to get the scaled binary
number

-0.0100100
z

If the nurnber to be input is negative, the scaled
binary number must be converted to t}:e 2rs com-
plement number. This rnay be done by inverting
a1l bits to the left of the least significant bit
which is a one resulting in

-0. ro111oo l2
T}l'e Zrs complement number is now converted to
octal form

-0. lOr I 100 I z * -0. 56000 I 6 "*u."tly
The number -56000 is then the DEDA octal equivalent
of -0.56?,5lIO for sin ôr.

Example 2. Decimal-to-DEDA Octal Conversion
Given t]nat lK22 = 0. 00 3 54 | , O

Conversion to binary gives

o.oo354lro * . oo00oo0o1 I 100 l I l I I I I 1 I 1 t01o lz
Next shift the binary point 8 places to the right since

|KZZ is scaled at B-8.
. 1lr00ll llr lr rltl0r0l 

2
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Exarnple 3

equivalent to

+. oooo3o52 
|

6.? DEDA Accessible Quantities

The binary nurnber is truncated at L5 bits since the
DEDA only displays 5 octal digits.

.11100lt1llll1l1
Converting to octal for DEDA

+.11l00ll1rllrttll r- +7t7771 I
The nurnber *77777 ís then the DEDA octal of
+.003541 lo fot lKzz.

DEDA Octal-to -Decirnal Conversion
1r¡/hen converting an octal DEDA readout, the pro-
cedure is the reverse of what it is for converting to
a DEDA input. Given the DEDA readout of
IKt3 = +00200 I
Converting to binary

,lr
+00200 

I e- *. 0000000I0000000 Jz

Since lKt3 is scaled at binary -7, shift the point
7 bits to the left to get

+. ooooooooooooooloooooo lr- r-tu lro
Hence, a DEDA readout of *00200 for 1KI3 is

t0

In this section the DEDA accessible variables rnost like1y to be

utilized on a rnission are presented.

6-3



Table 6. 1 AGS Selector Logic

Equation
Symbol Acld r es s Value f)escription

sro

sto

S

S
0

S
0

"oo

"oo

"00

soo

00

"to

sto

soo

soo

soo

400

410

4t0

4to

410

4r0

410

4oo

400

400

400

400

400

.100

+0000c)

+ 10000

+2000 0

+30000

+40000

+50000

+ 6000 0

+?0000

+000 00

+1 0000

+2 00 00

+30000

+40000

+50000

AGS Submode Setector is in Attitude Hol<ì. If the ACS is in cont¡ol, the LM
maintains the inertial attitude it had when this mode was entered. The pro-
grâñ automatically enters this mode upon AGS engine cutoff, PGNCS to AGS
align completion and calibration completion.

AGS Submode Selector is ìn Guidance Steering Mode. If the ACS is in
control, the attitude error signals will orient the LM to the desired thrust
direction,

AGS Submode Selector is in Z,-body Axis Stee¡ing \lode. lf the ACS is in
control, the attitude errors signals witl drive the +7,-bo<ly axis in the
estimated direction of the CSM if SUO, is zero or in the desired thrust
direction if S5g7 is one.

AGS Submode Selector is in PGNCS to AGS Align. The system is in this
mocle for 2 seconds <luring which time the AGS stable member coordinate
frame is aligned to the PCNCS stable member frame. Upon coñpletion ol
this operation, the AGS Submode Selector is automatically retur¡ed to the
'r attitude holclÙ mode.

AGS Submocle Selector is in the Lunar Align mode. See Section 16.2.

AGS Submode Selector is in the Body Axis Align mocle. See Section 16.2

AGS Submode Selector is in the Gyro and Accelerometer Calibrate nìode.
See Section 17. Gyro calibration time is 102 sec ¿nd accelerometer
calibration time is 32 sec. Upon completion of the caìibråtions, the AGS
Submode Selector retu¡ns to lhe Attitucle Hold nrode (S00 , +00000)

AGS Submode Selector is in the inflight Accelerometer Calibrate nìode.
The Submode Selector should NEVER be in this nrode on Lhe lunar surface
Completion of the calibration iãõÍäãs 3Z sec; the AGS Submode Selector
returns to the Attitude Ho[d mode after f02 sec,

AGS Guidance Routine Selector is in the 'rOrbit Insertionrr mode. See
Section 22.0. The purpose of this mode is to guide the LM vehicle to a
presc.ribed orb-ital trajectory, Targeting consiants for this trajectory
are altitude, altitude rate aûd semi-major axis limits.

AGS Guidance Routine Selecto¡ ia in the I'Coellipti.c Sequence Initiate"
(CSI) mode. See Section 23.0. Three targeting con¡tante a¡e
required fo! this mode i the time of the CSI maneuver, the nominal
time of the TPI ñaneuve¡ (DEDA entry 1J), and the dediled cotangênt
of the line-of-eight angle between the LM and CSM at the time of the
TPI maneueer (DEDA ent¡y 2J),

ACS Guidance Routine Selector is in the ,'Constant Delta h,, (CDH) mode.Targeting required is CDH time. See Section 24. 0. The purpose of themaneuver is to make the LM orbit "coelliptic', with the C3M orbit.

ACS Guidarce Routine Selector is in a TPI Search Mode. See Section
25.0. This mode is used prior to the TPI mareuver to determine
when the direct transfer (TPl) mareuver is to be performed. Target-
ing inputs necessary for this mode are a time increment (TA) neces-
sary for the search and the desired time increment from :fPI to
rendezvous (DEDA entry 6J).

AGS Guidance Routine Selector is in the TPI Execute mode. See Sec-
tion 25. 0. This mode is used to actually perform any direct trânsIer
maneuvers, Targeting for this mode is the AGS time of the maneuver
and the time from the beginning of the maneuver to rendezvous (6J).
An additional DEDA ent¡y can be made to force the node to occur 4J
minutes prior to no¡mal rendezvous time.

AGS Guidance Routine Selector is in therrExternal AVrr mode.
(See Section 2?). This mode is used to perform maneuvers
baeed upon externally supplied velocity-to-be-gained com-
ponents (DEDA ent¡y o¡ automatically from AGS computed
solutions). Targeting inpute necegsary fo¡ this mode are
three components of velocity-to-be-gained in local vertical
coordinates and the TIG (ignition time) of the maneuver (trrD)
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Equation
Symbol

Table 6.1 AGS Selector Logic (Continued)

Address Va lue Des c ription

stt

stt

S
z

"l l

4
S

S 4I

S
4I

ste

sr 
s

"16

S I 6

't7

stz

c
" 507

"507

" 623

s6zz

4L7

411

4t2

413

4t4

4t4

4t4

4r4

415

416

4r6

417

4t7

507

507

623

623

+00 000

+ 1 0000

+00000

+ I 0000

+00000

+ I 0000

+20000

+30000

+10000

f3 0 000

+000 00

+loo0o

+0 00 00

+t 0000

+0 00 00

+t 0000

This entry causes the AGS to STOp searching the PGNCS
Rendezvous and P¡ethrust Downlist, It is usèd to indicate
termination of automatic radar updating in the AGS rada¡ filter.

This entry causes the AGS to START searching the pGNCS
Rendezvous and Preth¡uet Downlist, lf the appropriate
conditions are met (See Section Ì8), raw RR data are proceesed
by the AGS ¡adar filte¡

This entry resets the equation self-test error indicato¡ and re-initiates test-
ing. ln general, this is the only entry that ever need be made in this address.
The remainder of the valid states (+f0000-test successfully completed,
+30000-logic test failure, +40000 memory test failure, +70000-logic and
memory test failure) are fo¡ readout purposes only,

Any entry in this cell (+10000 is suggested) causes the lunar surface flag to
be set and the lunar azimuth sto¡ed. Thevalue of +00000 for S13 is reset only
by the computer power turn-on sequence. However, Iunar aziràuth is stoted
each time S13 is set to+ 10000, whether or notSl3 was previously + 00000.

Following completion of any navigation initialìzation, the program automati-
cally establishes this value in the cell. It is used only to indicate completion
of initialization. Do not enter +00000 since it will be treated as a {10000 entry
See Section I 5. 1 .

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

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

The

This entry commands a CSM navigation initialization via the DEDA. The
ephemeris data a¡e first entered and bhen this entry made.

Any entry in this cell cau8es the Z-body axis di¡ection cosinee
and the last computed range and range rate to be etored in the
appropriate cells for use in the radar filter. The entry
+10000 ie suggested,

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

This entry cause6 the CSI calculations to compute the CSI maneuve¡ with the
CDH maneuver occurring at th¡ee-halves orbital periods followitrg CSI.

This is the normal value of therrradar fíÌter initializationtr command. This entry
need neveL be made bythe astronaut since the prog!am resets the value auto-
matically to +00000 after the command to initialize the rada¡ filter.

This entry causes the ¡adar filter to be initialized. The
entry +10000 is required. The entry in this address is auto-
matically set back to the nominal value (+00000).

Orient Z-body to direction of CSM when Z-body steering is commanded(400 + 20000).

Orient Z-body to desired thrust direction when Z-body steering is
commanded (400 + 20000).

Orient Z-body axis parallel to CSM orbit plane when guidance steering iscommanded (400 + 10000).

Orient Z-body *is paralle-l to plane defined by ]f6 when guidance steeringis comanded (400 i I 0000).
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Equation
Symbol Addre I s Unitg V alue Range Quanti zation De sc ription

w.bx

*0"
w-hz

t.tl

lJz

lJ3

lJ4

lJ5

IJ6

rJ7

zJt

zJz

zJ3

zJ4

2J5

zJ6

zJ7

t

28J I

zalz

z8l3

514

515

sl6

240

z4l

z42

260

z6l

262

254

244

245

¿46

264

¿65

266

z7z

377

450

451

462

octal

o ctal

octal

ft

ft

ft

ft laec

Ít I aec

it I sec

min

ft

ît

ft

ft leec

fl I eec

Ít I aec

min

min

Ít /aec

Ít I sec

ft /aec

1o¿

l02

toz

0,t

0. I

0. 1

0, 1

Ìoz

to?

toz

0,t

0. I

0.r

0. 1

0.t

0. 1

0. I

0. I

Unit vector in AGS inertial coordinatee,
normal to the plane in which the Z body
axis is commanded during guidance
steering when Srr, = t

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

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

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

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

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

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

Epoch time of LM ephemerie data used
in LM navigation initialization via the
DEDA. This time must be expressed in
AGS computer time (see Section 9. I )

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

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

Z component of ÇSM position used in
CSM initÍalization via the DEDA

X component of CSM velocity ueed in
CSM initialization via the DEDA

Y component of CSM velocity ueed in
CSM initialization via the DEDA

Z component of ÇSM velocity used in
CSM initialization vi¿ the DEDA

Epoch time of CSM ephemeria data ueed
in CSM navigation initialization via the
DEDA. This time must be expressed
in AGS computer time (see Section 9. I )

AGS computer time (see Section 9. I )

Component of External AV input in the
horizontal direction parall.el to the CSM
orbit plane. A positive value indicates
a velocity-to-be-added in the posigrade
d ir ect ion,

Component of External AV input in the
direction perpendicular to the CSM
orbit plane. A poeitive value indicates
a velocity-to-be-added opposite to the
LM angular momentum vector.

Component of External AV input in the
radiai direction. A positive value indi-
catea a velocity-to-be-added toward the
Moon

TabLe 6. Z DEDA Inputs - Lunar Mission

BI

BI

BI

+8, 388, 500

+8,388,500

*8,188,500

48191.9

*8191.9

+819 t. 9

O to 4369

+8, 388, 500

+8, 388, 500

+8,388, 500

+8r91.9

+8191.9

+8191.9

o to 4369

O to 4369

*8r91.9

+8191.9

+8r9f.9
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Table 6.2 DEDA Inputs - Lunar Mission (Continued)

Equation
Add¡e e s Units Value Range Quætization Description

ZJ

3J

4J

5J

6J

7J

8J

10J

ltJ
tzJ

4K10

16J

t7J

l8J

ZTJ

zzJ

23J

25J

TÂ

ttro

ttuo

sin 6,

cos 6L

IJ

"*"t.^
IgL

Aó

605

3tz

306

23t

307

zz4

zz6

673

305

662

z3z

503

316

233

464

465

zz3

3r0

373

373

373

5t5

o47

o53

547

275

octal
rad

octal

octal

deg

o ctal

ft

ft lsec

nmi

feet

ft / sec

nt f sec

fr

min

mln

mln

ft

mln

ft

mln

m1n

Ít

ft

mln

mln

mln

0 to 4369

0 to 136. 5

0 to 136.5

0to
8, 388, 500

0 to 136. 5

0to
8, 388, 500

0to
8,3 88, 500

0to
8, 388, 500

0to
8, 388, 500

+8191.9

0to690.28

0to
8, 388, 5oo

0 to 819t.9

0 to 8191.9

+8, 388, 500

0 to 13ó. 5

O to 4369

O to 4369

0 to 4369

0 to 4369

BI

BI

B7

820

BO

BZO

*360

0. I

01 deg

0.0t

0. I

0, 1

0.01

0.01

rcz

0. 0l

LOz

100 ft

100 fr

rcz

0. 1

0.0r

rcz

0. I

0. I

LO¿

0. I

0. I

Luar Align Azimuth Correction (eee
Section 16.2)

Deaired time of TPI maneuver as
utilized in the CSI calculationg. Thig
time must be input in AGS computer
time

Deeired cotangent of line-of-sight angle
between LM and CSM at deeired TPI
time as used in the CSI computationg

This entry is a TPI rendezvoue offeet
time as used in the etable orbit
rendezvous technique

Time i¡¡c¡ement of node prior to nominal
rendezvous

Radial dietance of landing Bite from the
center of the attracting body

Transfe¡ time from beginning of direct
transfer maneuver to rendezvous

Retarget value for 4K10

Threshold angle for orbit insertion
retârgeting

Constant in the lineãr expreasion for
oL (oI)

Targeted injection altitude at orbit
ina ertion

Radar range rate

Radar range

Vertical pitch steering altitude threehold

Vertical pitch steering altitude rate
threshold

Target ¡adial rate at orbit ineertion

DEDA altitude update during
deacent phase

Time inc ¡ement util TPI used in
guidance TPI eearch routine.

Absolute time of CSI maneuve¡ Ín AGS
computer time

AGS absolute time of CDH maneuver

Abaolute time of TPI or midcourse
maneuve! in AGS computer time

Term in eemi-major uis computation,
a" (oI)

One-half the lower limit on apolue
¡adiue

Retarget value fo¡ 7J

AGS absolute time of External AV
ñaneuvel-

Slnc of the Luding AzÍmuth Angle ( see
Section 16.2)

Cosine of the Landing Azimuth Angle
(rcc Scction 16,2)
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Equation
Symbol Addr es s Units VaIue Range Quantization Dea c r iption

vdx

tKt

rK6

lKr l

1Kl9

lK2t

lll'z3

f K18

lK20

tKzz

3Il4

K55

404

544

545

546

540

541

542

534

535

536

304

607

ft/ sec-

deg/hr

deg/hr

deg/hr

ft I eecz

ftl aecz

ftl øecz

ftl sec/
puls e

|t/ eecl
puls e

îtl secl
puls e

Bt3

+10

+t0

+10

+0. 064

*0.064

+0.0ó4

B-8

B-8

B-8

BI

BO

0,0l

0.01

0. 01

0.001

0. 001

0.001

Accumulated AV in X-body di¡ection
minus descent engine capability (updated
every 40 mseconds).

X-gyro drift compensation constant

Y-gyro drift compeneation constant

Z - gyt o dr ilt compensation conatant

Gompeneation for X-axis accele¡omete¡
bia e

Compensation for Y-axis accelerometer
biae

Compensation fot Z-axíe accele¡ometer
biae

X-Accele¡ometer Scale Facto¡

Y-Accelerometer Scale Facto!

Z-Accele¡omete! Scate Factor

Sine of TPI interdict region

ir aisptay scale factor

labIe 6.2 DEDA Inputs - Lunar Mission (Continued)

o8.""o"" vdx was not intended for DEDA Proce8sing but i8 on the downllnk.

it ie in a region of memoty for which a non-applicable DEDA proceeeing

acale factor is selected. The only accesa to thie cell via DEDA should be

ae describ€d in Section 2. 3.5.
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Equation
Syrnbol Address Units Range Quantization Description

r

r

x

v

z
r

vx

v
v

Vz

V

rcx

rcy

rcz

V

v

cx

cy

vcz

t

9r-t

9r¿

o

AVgX

340

34t

342

360

361

362

433

344

345

346

364

365

366

377

403

402

3r5

500

ft

ft

ft

ftl sec

ft/ sec

ftlsec

ft/ sec

ft

ft

ft

ftlsec

ftl sec

ft/ sec

rnlfr

nrnl

Itlï11

nIïìr.

f.t/sec

* 8, 388, 500

+ 8, 388, 500

* 8, 388, 500

* 8191. 9

+8191.9

+ 8191. 9

+8191.9

+ 8, 388, 500

+ 8, 388, 500

+ 8, 388, 500

+ 8191. 9

+8191.9

r 8191. g

O to 4369

+ 1379. 6

* 1379.6

+1379.6

*8191.9

toz

toz

toz

0. I

0. I

0. I

0. I

loz

toz

10z

0. I

0. 1

0. I

0. I

0

0

I

I

0.1

0. 1

X-cornponent of
LM position
Y-cornponent of
LM position
Z-cornponent of
LM position

X-component of
LM velocity
Y-cornponent of
LM velocíty
Z-cornponent of
LM velocity
LM velocity
rnagnitude

X-cornponent of
CSM position
Y-cornponent of
CSM position
Z-cornponent of
CSM position
X-cornPonent of
CSM velocity
Y-cornponent of
CSM velocity
Z-cornponent of
CSM velocity
AGS cornputer
tirne
Perifocus altitude
of LM trajectory
Perifocus altitude
of predicted LM
trajectory (TPI
only)
Apofocus altitude
of LM trajectory
Velocity-to-be-
gained in X-body
dir ection

Table 6. 3 DEDA Outputs - Lunar Mission
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Table 6.3 DEDA Outputs - Lunar Míesíon (Continued)

Equation
Syrnbol Addres e Units Range Quantízation Description

AVgY

AVgZ

v DX

vDY

v DZ

rA

Ar

Ë

TAO

6r

501

502,

470

471

472

477

40?

z7?

372

3t4

ft/ eec

ftl sec

ft/ sec

ft/ s ec

ft/ s ec

ft/ sec

nrn1

deg

tn1n

nnll

+8lg1. g

+8lg1. g

+8191.9

+8r91.. g

+8191.9

+8191.9

*1379.6

0 to 360

0 to 4369

*1379.6

0. I

0. I

0. 1

0. I

0. 1

0. I

0. I

0.01

0. 1

0. I

Velocity-to-be-
gained in.Y-body
direction
Velocity-to -be -
gained in Z-body
direction

AV expended in
X-body direction
rninus descent
capability (updated
every 2 seconds)

AV expended in
Y-body direction
(updated every
2 seconds)

AV expended in
Z-body direction
(updated every
2 seconds)

Predicted altitude
rate of LM at CSI,
CDH, TPI or XAV
tirne.
Differential alti-
tude in coelliptic
orbit (valid in
;CSI or CDH only)

In plane angle be-
tween Z body axie
and local horizontal
Time frorn CSI
io CDH (valid in
CSI only)

Differential orbital
altitude along LM
radial at CSI tirne

-)
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Table 6.3 DEDA Outputs - Lunar Mission (Contínued)

Equation
Symbol Address Units Range Quantization Description

R

ñ,

r
h

ef

v G

or,os

VF

v
PY

v

v

y0

317

440

367

337 .

303

370

303

37t

263

270

ztr

nml

ft/sec

f,tlsec

nrni
deg

ft/ eec

deg

ftlse c

ft/se c

ft,lsec

fr

o to 690.28

*8191.9

+ 8191. 9

0 to 1379.6
0 to 3ó0

0 to 8191.9

0 to 360

0 to 8191.9

*8191. g

*8r91.9

* 8, 388, 500

0.01-

0. I

0. I
0. I
0.01

0. I

0.01

0. I

0. I

0. I

rcz

Range frorn LM
to CSM

Range rate
between LM and
CSM (negative
sign indicatee LM
closing on CSM)

LM altitude rate
LM altitude
LM to CSM Phase
Angle (in OI at
present; CSI or
CDH rnodes at
t. ).
Lg'

Magnitude of LM
velocity to-be
gained

Predicted line-of-
sight angl.e at TPI
tirne (TPI rnode
only)

Braking VelocitY
for rendezvolls
(TPI only)

Predicted LM
out- of- plane
velocity at tin
in CSI, CDH;TPI
'or External AV;
present LM
out- of - plane
velocity in OI

Present LM
out-of-plane
velocity

Present LM
out-of-pIane
distance

J
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Table 6. 3 DEDA Outputs - Lunar Mission (Continued)
)

Equation
Syrnbol Addr es s Units Range Quantization Description

ZSJL

zBJ?

zBJ3

450

45r

452

ft/ sec

ft/sec

Ít/sec

!8191, 9

18191. 9

18191. 9

0. 1

0 I

0. 1

Cornponent of Ex-
te rnal AV input in
the horizontal di-
rection parallel to
the CSM orbit
plane. A pos itive
value indicates a
velocity-to-be-
gained in the posi-
grade direction.

Cornponent of Ex-
ternal AV input in
the direction per-
pendicular to the
CSM orbit plane.
A positive value
indicates a velo-
city to be gained
opposite to the LM
angular rnornenturn.
vector.

Cornponent of Ex-
ternal AV input in
the radial direction.
A positive value in-
dicates a velocity
to be added toward
the Moon.

)
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J



)

Tabte 6. 3 DEDA Outputs - Lunar Mission (Continued)

These are internal cornputer flags. OnIy the sign of the quantity

)

Equation
Syrnbol Addres s Units Range Quantization Des cription

t
1g

TA

1J

3J

4J

6J

T r

*.ô
z

{<A-zr

373

310

275

3r2

306

307

377

574

604

lTt1n

rrÌ1n

rn 1 n

rIì1n

rnln

rrrln

IlL1n

0 to 4369

0 to 136. 5

0 to 4369

r136. 5

.t136.5

0 to 136.5

0 to 136.5

0. I

0.01

0. I

0. 01

0. 01

0.01

0. 01

AGS absolute
tirne of next
rnaneuver

Tirne-to-go until
filaneuver in CSI
CDH, TPI, and
XAV tirne.

Nominal tirne of
TPI rnaneuver

TPI rendezvotls
offset tirne

Tirne between
node and targeted
rendezvous tirne

Tirne frorn TPI
to rendezvous

Tirnp to go gntil
rendezvoll-s ln
TPI rnode

Descent section
staging flag

Lunar surface
flag

J has significance
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Tab1e 6. 3 DEDA Outputs - Lunar Mission (Continued)
I

Equation
Syrnbol Address Units Range Ouantization De scription
lr5

Pg

þtg

r
f.

lKlg

LK?T

TKz3

lKl8

1K20

TKZ2

1Kl

1K6

1Kl1

1K9

6rz

6r4

6zL

423

540

541

542

534

535

536

544

545

546

616

octal

2- sec in-
crernents
counts

ft/sec

ft/sec2

f.t/sec2

Ít/sec2

octal

octal

octal

deg/hr

deg/hr

deg/hr

Z- sec in-
crernents

817

0to
l3l, o72

0to99

t8191. g

t0. 064

lo. 064

t0. 064

B-8

B-8

B-B

r10.0

t10.0

!10.0

0to
r3r,072

1.0

1.0

0. I

0. 001

0. 001

0. 001

0. 01

0. 01

0. 01

1.0

Staging sequence
counter
Ullage counter
( Decirnal )

RR split rnark
counter (see
Section 18. 0)

Desired final
value of alti-
tude rate
X- accelerorneter
bias cornpensa-
tion (Decirnal)
Y- accelerorneter
bias cornpensa-
tion (Decirnal)
Z- accelerorneter
bias cornpensa-
tion (Decirnal)

X- accelerorneter
scale factor
Y- accelerorneter
scale factor
Z- accelerorneter
scale factor
X- gyro drift
cornpensation
Y- gyro drift
cornpensation

Z- gyro drift
cornpensation

Ullagê counter
value for ullage
cornpletion

)

6-14
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Table 6.4 DEDA Inputs - Earth Mission

)

Equation
Symbol Aclrlress Units Value Rang e Quantization I)es cription

l.lt

tJz

l..rl

IJ¡

IJ5

1J6

1.t7

28.r2

28.t I

t¡x

b

b

z\J t

2.1 r

?.t?

ZJ \

2J1

2.15

ZJt,

2 J'7

5l.t

515

516

21o

241

212

260

z6t

262

25-t

?11

715

21i,

261

265

266

272

.15 I

152

i17

.15 0

Octal

OctaI

Octal

tt

ft

ft

f t/ s e<:

ft/ s ec

ft/ s ec

nl i¡r

ll

Tt

ft

f t/ s cc

ft/sec:

f t/ s ec

nri¡r

nrin

ft/ s ec

BI

BI

BI

*11,55.1,o00

*33,55.1,000

*11,554,000

+ tzl 67

+32i 67

+321 61

0 l<¡ .J l6Q

+l1,55-1,000

*11,554,000

+l ì,55.t,000

+327 67

+ lz7 67

+ \27 67

0 to 4169

0 to -13 69

+ JZ1 67

+327 61

+3?767

03

103

l0l

0

0

0

0. I

Unit vector in AGS inertial coordi-
nates, no¡nlal to the plane in which
the Z-bo<ly axis is conìnìanded during
guidan(e steering when SUr, = I

X-(:onlponent of LM position use(l in LM
initialization via the DEDA

AGS c:omputer time (see Section 9. I )

Y-component of LM position used in LM
initialization via thc DËDA

7,-component of l,M position usecl in LM
initialization via the DEDA

X-conìponent of LM velocity used in LM
initialization via the DEDA

Y-conrponent of LM velocity used in l,M
initialization via the DEDA

Z-component of LM velocity used in LM
initialization via the DEDA

Epoch tinre of LM ephenreris (lata use(l
in LM navigation initiâlization via the
DEDA. This ti¡ììe ¡trLrst I¡e expressed in
AGS < onrputer tinte (see Sc<:tion 9, l )

X-<omponent of CSM position used in
CSM initialization via the DEDA

Y-conìponent of CSM position used in
CSM initialization via the DEDA

Z-<:omponent of CSM position used in
CSM initialization via the DEDA

X-(:omponent of CSM velocity used in
CSM initialization via the DEDA

Y-conlponent of CSM velocity used in
CSM initialization via the DEDA

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

Fpoch time of CSM epheme¡is (lata used
in CSM navigation initialization via the
DEDA This time ¡lust be expressed in
AGS computer tinre (see Section 9.1)

Component of External AV input in the
horizontal direction parallel to the CSM
orbit plane. A positive value indicates
a velocity-to-be-added in the posigrade
direction,
Component of External ÀV input in the
di¡ection perpendicula¡ to the CSM
orbit pIane. A positive value indicates
a velocity-to-be-added opposite to the
l-M angular momentum vector

Component of External AV input in the
radial di¡ection. A positive value indi-
cates a velocity-to-be-ad<ìed toward the
Ea rth
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Table 6.4 DEDA Inputs -- Earth Mission (Continued)

Equetion
Symbol Add¡ees ùn its Range DêB cription

Âô

IJ

2J

3J

4J

5J

6J

7J

8J

l0J

llJ

lzi

4Kl 0

l6J

I?J

!8J

2tJ

22J

23J

z5J

T¿

ttro

ttr"

ttr"

'irD

sin óL

."" t_

v¿x

lKt

rK6

tKlr

rKt9

tK2t

l¡K23

54?

215

605

3tz

306

231

307

¿24

225

¿26

673

305

662

503

316

233

464

465

223

310

373

373

173

3?3

o47

053

404

544

545

546

540

541

542

octal
rad

min

octal

min

min

ft

min

ft

1t

Ît

octal

d"g

octal

Ít

nmi

rt

ft

min

hin

min

min

octal

oc tal

dug/tt"

deglhr

1t I eec

d"e/

BO

0 to 4369

B7

+136

+136

0to
33, 554, 000

0 to 136

d 33. 554- 00r

+33,554,0

+33,554,00(

822

+3 60

822

0to
33,554,000

t327 6'l

0to 2759,2

0 tô
33,554,000

0 to +327 67

O to +32767

0to

0 to 136

0 to 4369

0 to 4369

0 to 4369

0 to 4369

554

BI

B1

815

+10

+t0

+t 0

*, 06

t,06

+. 0ó

0. I

0. 01

0.0t

t 0-

0.0t

ro3

t0-

to3

I

0. I

l o3

I

I

10"

0.01

0. I

0.I

0. I

0. I

0, 0l

0. 01

0. 0l

0.01

0.0r

0.0l

Lunår AliSn Aziñuth Correctíon (Êee
Section t 6. 2)

Desired time of TPI maneuver as utilized
in the CSI catculation¡. This timê muôt
be input in AGS computer timê

Desired cotsngênt of line-of-si8ht angle
betwecn LM and CSM at déBired TPI
timc aa u6€d in thc CSI computations

This entry ia a TPI rendezvous off6et tiúe
4s uaed id the Etâble o¡bit rendezvous
techniqu€

Timê increment of node prior to nominal
r endeu voua

Radial di6tence of lau¡ch site from the
center of thê attractirg body (Earth)

TranBfer time froû b€ginning of direct
tranafer manêuver to rendezvouE

I.¡;,r" 
ru-t--.ror axis cômputation,

One-half the lower limit on epogee
radius

Relârget value for ?J

Retarget value for 4Kl0

Threehold angle for orbit in6ertion targetirg
ConstaDt in the linea¡ exp,lession for o, (OI)

Targeted injection altitude at orbit
inse rtion

Radar ¡ange råte

Rader range

Verticat pitch steering altitude threshold

Vertical pitch Êteeríng altitude !ate
threshold

Târget radiât rate at orbit insertíon

DEDA altitude update during descent phare

Time increment until TpI u6ed in TpI searchguidance ¡outine.

/Abßolute tiñe of CSI maneuver in AcS
compute! time

rAbsolute time of CDH maneuver

Ab¡olut€ time of TpI or midcòurse
måneuver in ACS computer time

ÄGS abeolute time of Exteræl ÀV
m&¡euve!

Sine ol the Landing Azimuth ]q.ngle (see
Section t 6. 2)

Cosine of_ the Landing Azimuth Angte (seê
Section I 6.2)

Accmulated ÂV in X-body direction minus
deac€nt engin€ câpability (updated every
40 maeconds)

X-gyro drift compensation constant

Y-gyro drift compensåtion constant

Z-gyro dtift compensation constant

Compcn.ation for X-axis accelerometer bias

Cohpên6âtion for Y-ui! eccêlerometer bias

Compensation fot Z-axíB accele!ometer bias

e footnote on next pege
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Table 6.4 DEDA Inputs - Earth Mission (Continued)

!,e1auee Vd* *.1 not intended.for-DED_Aproceseing, but iF on the AGS domlink, it is in a region
of memory-for which a nona¡plicable DEDA proceseing scale factor iÊ selected. The only acãees
to this cell via DEDA should be as described in Sectio; ¿. 3, 5.

llquation
Symbol Addr es e Units Value Range Quantizati on Des cr iption

tK!8

I KZo

tKzz

3K4

K55

534

535

536

304

607

octal

o ctal

octal

o ctal

octal

B-ó

B-6

B-ó

B1

BO

X-accelerometer scale factor

Y-accelerometer scale factor

Z-accelerometer É cate facto¡

Sine of TPI interdict region

il aisplay scal.e factor
I

J

6- t7



Equati on
Symbol Units Range Quantization Description

DY

Âr

h

ef

6¡

È

T,cq

R

R

A-LOS

rx

r
v

r z

x

v

z

r cx

¡ cy

f

\oz

iA

VG

cx

cy

cz

9lt

9rd

q^

ÀVgx

AVgt
oY gz
vox

140

141

342

360

361

362

431

344

345

346

364

365

366

377

403

402

lt5

500

501

502

470

47t

472

477

402

277

372

3t7

440

367

337

303

370

303

371

3t4

ft

ft

ft

ft/ eec

ft/ sec

|t/ sec

ft/ sec

ft

ft

ft

ft/ s ec

Itl sec

Ít/ sec

min

nn1 i

nmi

nmi

ft/ s ec

ft/sec

It/ sec

ft/ s ec

l1/ sec

f.t/ sec

It/ sec

nmi

d.g

min

nmi

ft/ eec

ft/ s ec

nmi

dug

Lt/ sec

deg

ft/sec

nhi

+33,554,000

r33,554,000

+33,554,000

+327 67

r3Z7 67

+327 67

O ta 32767

+33,554,000

+33,554,000

+33,554,000

+327 67

*327 67

+127 67

O to 4369

*5518.4

+5518.4

+5518.4

*327 67

+327 67

+32767

*327 67

+32767

+327 67

*327 67

551A.4

0 to 360

O to 436j

O to 2759.2

*32767

L32767

0 to 5518,4

0 to 360

0 to 32767

0 ro 360

O to 32767

+55t8.4

I

0,I

0. I

0. I

0. I

1

I

I

I

i

I

I

0. I

0.01

0. I

0.1

I

I

0. I

0,0t

I

0,01

I

0. I

I O3

103

103

ì
10-

t0-

103

X - component of LM pos ition

Y-component of LM position

Z,-component of LM position

X- component of LM velocity

Y-component of LM velocity

Z-component of LM velocity

LM velocity magnitude

X-cohponent of CSM position

Y-component of CSM position

Z-component of CSM position

X- component of CSM velocity

i-component of CSM velocity

Z - component of CSM velocity

AGS compute¡ time

Perigee altitude of l,M trajectory

Perigee altitude of predicted LM trajectory
(Direct Intercept Only)

Apofocus Altítude of LM frajectory

Velocity-to-be-gained in X-direction

Velocity-to-be-gained in Y-di¡ection

V elocity-to-be-gained in Z,-direction

AV expended in X-body direction minue
descent capabitity (updated every 2 seconds)

AV expended in Y-body direction (updâted
every 2 seconds)

AV expended in Z-body direction (updated
every 2 seconda)

Predicted aititude rate of LM at CSI,
CDH, TPI, or Exte¡nal AV time.
Differential altitude iñ coelliptic. oribt (CSI/
CDH only)

In plane angle between Z-body axis
and local horizontal

Time f¡om CSI to CDH

Range from LM to CSM

Range ¡ate between LM and CSM (negative
sign indicates LM closing on CSM)

LM altitude rate

LM altitude

LM to CSNf phase angle (in Ol at [)r(,qer¡r;
CSI or CDH mocles at t. ).rg

Magnrtude oi I M velocity-to-be-gâined

Predicted line-of-sight angle at TpI timê
( TPI onty)

Baaking velocity fo¡ Rendezvous (TPIoqly)

Differential orbital altitude along LM
radial at CSI time.

Table 6. 5 DEDA Outputs - Earth Mission
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Table 6. 5 DEDA Outputs Earth M is sion (Continued)

Component of Exte¡nal AV input in the hori-
zontal direction parallel to the CSM orblt
plane, A positive value indicates a velocity-
to-be-added in the posigrade di¡ection.

Component of External AV input in the
direction perpendicular to the CSM orbit
plane. .A. positive value indicates a velocity-
to-be- added opposite to the LM angular
momentum vector,
Component of External AV input in the radial
direction. A positive value indicatee a
velocity-to-be-added toward the Earth.
Predicted LM out-of-plane velocity at tiq
in CSI, CDH, TPI or External AV, Presént LM
out-of-plane velocity in OI.

Present LM out-of-plane velocity

Present LM out-of-plane distance

AGS absolute time of next maneuver

Time-to- go until rnaneuver in CSI,
CDH, TPI or External AV timc.

Normal time of TPI maneuver

TPI Rendezvous offset time

Time of node prior to nominal r endezvous iime

Time f rom TPI to rendezvoug in TPI mode

Time to go until rendezvous in TPI mode

Descent section staging flag

Lunar surface flag

Staging sequence counter

Ullage counter (decimal)

Deeired final value of altitude rate

X- gyro drift compensation

Y- gyro drift compensation

Z- gyto drift compensation

Ullage counter value for ullage completion

X-accelerometer bias compensation (decimal)

Y- accelerometer bias compensation (decimal)

Z -accelerometer bias compensation (decimal)

X-accelerometer scale factor

Y-accelerometer s cale factor

Z -accelero.netei scale factor

oTh.". are internal computer flags. Only the sign of the quantity har eignificance'

6-ß

E quation
Symbol Addres s Units Range Quantization Dee cription

28Jl

28JZ

28J 3

pv

vvo

v

t.rg
TA

1J

3J

4J

6J

T r
o62

oôzl

u,,t,

p8

íf

tKt

rK6

lKl t

lK9

1K l9

tK.21

lKz3

1Kl8

lK20

lK2?.

450

451

452

263

270

2ll

373

310

275

312

30ó

307

3tt

574

604

6tz

614

423

544

545

546

616

540

541

542

534

536

536

It/ aec

ftl eec

î.tl eec

Ît / sec

ft/sec

ft

min

min

mrn

mrn

m1n

mln

mrn

o ctal

2-sec in-
crementa

ft/ sec

deg/hr

de g/hr

de g/h r

2 eec

Ít / sec?

Ít I secZ

ft/ sec?

ftl secl
puls e

ftl sec/
puts e

ftl s ecl
puls e

!32767

!32767

!32767

+327 67

+.327 6?

+33, 554, 000

0 to 4369

0 to 136

O to 4369

0 to 136

0 to 136

0 to 136

0 to 136

Bl7

0to 131,072

+32767

+t0.0

*10.0

* 10, 0

0 to l3I,07Z

+0.06

:10. 0ó

,r 0. 06

B-6

B-6

B-6

1

I

I

I

I

103

0.1

0. 0l

0,I
0, 1

0, 1

0.0t

0. 01

1.0

I

0. 0l

0,01

0. 0l

1.0

0. 0l

0.01

0.0r
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PART II . AGS UTILTZ¡-TTON AND FUNCTIONAL
CAPABILITIES

a

7.0 AGS POWER CONTROL
7,I Power Turn-On

The AGS is in an unpowered rnode when the ASA, AE.A', and AGS

circuit breakers are open. Closing the ASA circuit breaker causes the
ASA to be in a ternperature controlled condition. Closing the AEA and AGS
circuit breakers cause power to be applied to the AEA. ürith the circuit
breakers closed, the AGS Status Switch controls the condition of the ASA
and AEA as follows:

To use the AGS, the AGS Status Switch rnust be in the OPERATE
position. The ASA should have been in a ternperature controlled condition
(OFf', STANDBY, OPERATE) for 40 rninutes and in a condition with the
gyro rnotors operating (STANDBY, OPERATE) for 25 rninutes. This situ-
ation can be achieved by closing the circuit breakers and setting the AGS

Status Switch to OPERATE. After 40 rninutes, the systern would be ready
for use. This procedure is not recornrner"àud, however, since it is better
to have the ASA in its ternperature controlled state only, prior to operating
the gyro rnotors. Thus, the recornrnended procedure is to close the ASA
circuit breaker and keep the AGS Status Switch in OFF for 15 rninutes.
Then place the AGS Status Switch in the STANDBY position, close the AEA

AGS
Status
Switch

ASA
Condition

A,EA
Condition

OFF

STANDBY

OPERATE

'W-arrn up, ternperature
controlled condition

OPERATE
(ternperature controlled
condition and gyro
rnotors operating)

OPERATE
(ternperature controlled
condition and gyro
rnotors operating)

STANDBY

STANDBY

OPERA.TE

7-t



circuit breaker and allow 25 additional rninutes prior to systern utilization
( OPERATE). Degraded systern perforrnance is available 10 rninutes
after closing the circuit brakers, if at least the last 5 rninutes of this
period were spent in the STANDBY or OPERATE rnode.

'lVhen the AGS Status Switch is in the Otr'F position, the AEA has no
frrnctional capabilíty, except it can accept the CDU Zero signal and ac-
curnulate the PGNCS Euler Angle Incrernents if the AEA circuit breaker
is closed. Full AEA capability is afforded when the systern is switched
to OPERATE and all circuit breakers are closed.

'W'hen the AGS circuit breaker is closed and the AGS Status Switch is
turned to the OPERATE position, the AEA enters a core prirning routine
that insures that the cornputer rnernory is rnagnetized properly. Moreover,
various rrcornputer operationrr discretes are initialized so that correct
sequencing of the 'rcornputation subcyclesrr results. The state of the
cornputer when the systern is turned to OPERATE is the sarne as the
previous turn-off state except that the following quantities aïe reinitialized:

1)

2')

Engine ON

SOO is set to 0

3) SrO is set to 0

4) S' is set to 0

5) S* is set to 0

signal is set to Otr'F

this places the AGS in the
Attitude Hold subrnode

this places the AGS in thetrOrbit Insertiontr guidance
routine
autornatic radar update is
inhibited
this resets the self-test
error indicator and re-
ínitializes cornputer
s elf- te st
perforrrrs no function

this setting rneans that
no navigation initi aLízation
is to be perforrned in this
cornputer cycle.

6rs is sct to 0
13

7l Srn is set to 0
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8) S
T5

is set to 0

9) St6 i" set to 0

10) S' is set to 0

1t) is set to 0
5

LZI flO i" set to 0

I3l VdX, VOX are set to
constant 4K27

performs no function.

this is not the norrnal state;
it rnust be set to one or three
during CSI targeting.

this is the norrnal value of the
rr radar fiLter initiaLizationrl
cornmand. Setting this quantity
to one initializes the radar filter
covariance matrix.

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

this is a cornputer subcycle
counter that controls logic flow
in the AEA

this entry places a bias on the
thrust velocity gained in the
X-body direction. Thus, if it
is desired to deterrnine the
accurnulated thrust velocity in
the X-body direction the con-
stant 4KZ7 must be subtracted
from the DEDA readout of V---.'W'hen on the lunar surface Vü
is set equal to zero so that aïtèr
this tirne no bias need be sub-
tracted. Note that these quaTL-
tities contain the effect of
uncom.pens ated acc ele rometer
bias.

6

í)

After the systern is turned on and prior to guidance operations a check
shuuLd bc rrrade of the computer readiness. 'I'his is accornplished by
DEDA readout of the following quantities.
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DEDA
Address Description of Variable

574

604

6rz

412

Internal AEA staging recognition signal (ôr)

Internal AEA lunar surface recognition flag (6Zt)

Internal AEA Ètaging sequence counter (¡:.r)

Self test indicator

Procedures for performing the readiness checks are contained in
Section L4, 1.

7 . Z Power terruot

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

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

return of normal power, the AGS will return to the operate state. \4/hen

the AEA returns to the operate state, various quantities are reinitialized
as described in the preceding paragraphs'

I 3 Power Turn-Off

The recornrnended procedure for turning off the AGS is to open the

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

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

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

a rnission.

)
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8. O SELF.TEST ROUTINE

The inflight self-test routine checks on a continuous basis that
the cornputer logic and ñternory are functioning properly. DEDA ad-
dress 472 is used in conjunction with the test to indicate test results
to the astronaut and to allow resetting of error indicators. If a readout
of address 4I2 on the DEDA is perforrned the following outputs are
pos sible.

+ 00000 test not completed
+ 10000 test successfully completed
+ 30000 logic test failure
+ 40000 memory test failure
+ 70000 logic and memory test failure

An input of *00000 is used to allow the astronaut to reinitiate testing and
reset the AGS Caution and'W'arning Lamp after any error is detected.
ll/henever an error is encountered during a pass through the test, the
value in rnernory location 4IZ and the AGS Caution and Warning Larnp
are set accordingly and future tests are inhibited until astronaut reiniti-
ation. Reini'tiation is accornplished by entering +00000 in addres s 4I2.
There is no need for the astronaut to rnonitor DEDA address 4I2 periodi-
cally since a visual indication of an error is available on the AGS Caution
and W'arning Larnp. However, as part of the 'A.GS turn on procedure the
DEDA check should be rnade as a partial check on the operation of the
AGS Caution and 11/arning Lamp and the cornputer.
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9.0 AGS COMPUTER TIME, TIME TO EVENTS AND TIMING ERRORS

9.1 AGS Corn er Tirne

Ground elapsed tirne is defined as the tirne difference between current
Greenwich Mean Tirne and Greenwich Mean Tirne of Apollo liftoff
frorn the Earth. Because of the AGS cornputer word size, Ground

Elapsed rirne cannot be used for AGS tirne. rnstead, a tirne bias
(K-factor) is subtracted frorn Ground Elapsed Tirne and the resulting
tirne used as AGS tirne. The bias used equals the Ground Elapsed
Tirne when the AGS cornputer tirne is initialized at AGS tirne zero.

9. 2 Tirne to Events

In general, it is assurned that the astronaut will utilize tlnertevents
tirnerrr on the instrurnent panel to know when to perforrn the next
m.aneuver. However, in all AGS guidance routines except "orbit
insertion" the capability exists of either setting the events tirner with
a DBDA output quantity or comparing the tirne-to-go as depicted on
the events tirner with that in the guidance cornputer. This section
contains a discussion of these DEDA output quantities.

9.2.r CSr

one of the targeting pararneters for the csr rnaneuver is the AGS

tirne of the CSI rnaneuver (t._^)'i.. This entry is rnade via DEDA
Addres s 373. Tirne-to-*"l1åfit the CSI lrraneuver can be obtained by
reading out Address 310 on the DEDA. This is called TO in the guidance
equations.

After the CSI solution is obtained, the tirne frorn the CSI lnaneuver
to the CDH rrtaneuver can be read out. This is accornplished by reading
out Addr ess 372 on the DEDA which corresponds to the syrnboÌ Too of
the guidance equations.

Several other tirnes of interest are also available. These are
presented in Table 9.1 below.

':'Only the tirne to next rnaneuver (tig) is available for DEDA input and
readout. However, the nornenclature of tisA, tisB, tisc, and t¡.,¡
(ignition tirne of CSI, CDH, TPI, and Exteínal AV, reípectively)oñas
been retained for clarity.
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Table 9. I Tirne Quantities Available in CS Mode

Address Quantization Units Equation
Syrnbol Description

373

310

372

275

377

0. I

0. 01

0

0

I

1

0 L

rnln

rnln

ïTÌln

rntn

lTt1n

tigA

TA

TAO

J1

t

Targeted AGS tirne of CSI
m.aneuver

Tirne-to-go until CSI
rnaneuver
Tirne frorn CSI to CDH
rnaneuver

Norninal AGS tirne of
TPI rnaneuver ( Targeting
quantity )

AGS cornputer tirne

9.2.2 CDH

In a norninal rnission, the CDH rnanerrver is assurned to occur aÍter
the CSr rrraneuver. If this is the situation ín flight, targeting is ac-
cornplished autornatically for the CDH rnaneuver by the CSI cornputations.
Moreover, the rrevents tirnerrrrnay be set by :utirizing the quantity To
(after the CDH routine is entered) which is the tirne-to-go until the CDH
rnaneuver, if TA is no greater than 136 rninutes.

If the CDH m.aneuver does not follow the CSI rnaneu.ver, then the
AGS absolute tirne of the CDH rrraneuve" (rigg) rnust be input as a
targeting constant. This is done with DEDA Address 373. In Table 9.2
the tirnes of interest during the CDH phase are presented.

Table 9.2 Tirne Quantities Available in CDH Mode

Address Quantization Units Equation
Syrnbol Des cription

310

373

377

0.01

0. 1

0 I

rnln

IïLln

rnln

Ta

t igB

t

Tirne-to-go until CDH
maneuver
AGS predicted absolute
tirne of CDH

AGS cornputer tirne
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9.2.3 TPI

There are two rnodes that can be used for the TPr rnaneuver
(see section 25). Tables 9. 3 and 9.4 define the tirne quantities
of interest in each rnode.

Tabie 9. 3 Tirnes of Interest with Guidance Selector
in the TPI Search Routine (S1O = :¡

Des c ription

Table 9.4 Tirnes of Interest with Guidance Selector
in the TPI Execute Routine (SrO = 4)

Addres s Quantization Unit Equation
Syrnbol

310

373

307

3rt

377

306

312

0. 01

0.1

0.0r

0. 01

0.1

0.01

0. 01

rnln

lttln

rnln

rnln

rnln
rnln

rnlrt

Ta

tigc

J 6

T r

t
J4

J 3

Input quantíty. TPI Search
assurnes TPI to occur in
TO rninutes.
AGS cornputer tirne of TPI
rnaneuver; output quantity
Input quantity. Tirne frorn
TPI to intercept (assurning
no burns after TPI)
Tirne-to- go until intercept;
output quantity
AGS cornputer tirne
Tirne incrernent prior to
rendezvous at which node
node is created
Stable orbit offset

Address Quantization Unit Equation
Syrnbol Des cription

373

310

307

3tt

0. I

0.01

0. 01

0. 01

ïlt1n

lTt1n

Ïll.ln

IÏI1N

t.
1 gC

TA
6

J

T r

Either input quantity or
quantity obtained frorn TPI
Search rnode (StO=3 ). This
is AGS cornputer tirne of
the TPI rrraneuver
Tirne-to-go until TPI
maneuver; output quantity
Input quantity. Tirne frorn
TPI to intercept (assurning
no burns after TPI)
Tirne-to- go until intercept;
output quantity
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l

Address Quantization Unit Equation
Syrnbol

377

306

3lz

0. 1

0. 01

0. 01

n:).ln

In1n

rnln

t
J

4

J3

AGS cornputer tirne
Tirne incrernent prior to
rendezvous at which
node is created
Stable orbit offset

Tabie 9. 4 Tirnes of Interest with Guidance Selector
ín the TPI Execute Routine (S10=4) (Continued)

Des c ription

9.2.4 External AV

An ignition time (tr"uo) is a required targeting pararneter for an
External aV rnaneuver as discussed in Section 27.0. This ignition
tirne is entered in DEDA Address 373, unless External Av follows
a guidance rnode for which Addres s 373 has been targeted. Table
9. 5 presents the tirne quantities available during External AV.

Table 9. 5 Tirne Quantities Available in
, External AV ( StO=5)

9. 3 Tirning Errors

Two types of tirning errors are considered: DEDA tirne entry
errors and rnaneuver initiation tirne errors. The DEDA tirne entry
errors consist of absolute tirne and epoch errors introduced at entry
into the AEA. via the DEDA.

Address Quantization Unit Equation
Syrnbol Des cription

310

373

377

0. 01

0.1

0. 1

IÏ)ln

rnln

rnln

Ta

t igD

t

Tirne -to-go until
External AV rnaneuver
Targeted AGS tirne of
External AV rnaneuver
AGS cornputer tirne
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9.3.I DEDA Tirne Entrv Errors

AGS absolute tirne is initialized at zero or a rnultiple of 6

seconds (0. l rninute) by entering the value into Address 327 via
DEDA. The DEDA ENTR button is depressed at the initiat AGs
absolute tirne. Since the DEDA routine is exercised only every
0.48 or 0.56 second, there is a rnaxirnurn possible error in
absolute tirne of 0.56 second. A bias of 0.25 second (approxirnately
half the interval between DEDA branches ) is subtracted frorn
cornputed tirne to reduce the rnaxirnurrl error to +0.31 second.

Mission control can deterrnine this error in AGS absolute
tirne by rnonitoring t, and t, on the AGS telernetry. Since this tirne
error results in LM and cSM state errors in the AGS during state
inítiarization, it rnay be used to irnprove ínitialization accuracy.
For exarnple, the PGNCS tirne downlink word used for Downlink
rnitíalízation (Section 15. 1) can be rnodified by altering the pGNCS

to AGS absolute tirne bias. For DEDA initiatizatton of LM and CSM
states, the states thernselves rnay be biased to correct for the AGS
tirne error.

Epoch tirnes downlinked frorn the PGNCS are quantized at less
than one rnillisecond.

9.3, Z Maneuver Initiation Tirne Errors

In this section, consideration is given to the effect of perforrning
nìaneuvers either earlier or later than the targeted tirnes. The various
rnaneuvers are considered in turn.

Orbit Ins ertion: Orbit insertion tirnes are not targeted in
the AEA. However, the effect of initiating
the orbit insertion rnaneuver at different
tirnes (either early or late) is to change
the phasing of the LM with respect to the
CSlv[.

The philosophy used for the CSI, CDH, and
TPI guidance routines is to cornpute the
predicted rrtaneuvers prior to the norninal
rrlarreuver tirne and then perforrn thrusting
in the External AV rnode based on the
cornputed norninal rnaneuver tirne. Because
these rnaneuvers are perforrned in the
External AV rnode, refer to the next para-
graph for a discussion of tirning errors.

CSI, CDH, TPI:
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External AV: The External AV rnaneuver cannot be
initiated rnore than 7K1 (Addres s 2741
seconds early. If initiated early, an
overburn will result since the V6 is not
decrernented until the tirne tis-7KI seconds.
The effect of initiating the rnineuver late
is sirnply one of not achieving the desired
orbit at cutoff. Large tirning errors would
result in large differences between the
actual orbit obtained and the orbit desired.

9.4 DEDA Tirne Dis v Quantization

This AGS cornputer tirne (DEDA Addres s 377 ) is updated every
0. l rninute (6 seconds) for display. rnternal to the computer, the AGS

tirne is updated every two seconds. Because of cornputer round-off
the displayed AGS cornputer tirne is updated by 0. I rninute at th.e 4-
second (0. 1 rninute), 10-second (0.2 rninute), 16-second (0.3 rninute),
etc. tirne intervals. (Therefore, the AGS displayed time is updated
two seconds prior to reaching the corresponding AGS absolute time. )
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1O. O AGS STEERING MODES

This section contains a discussion of the various steering rnodes

rnechanized in the AGS. All It activerr steering rnodes output attitude errors
about the LM body axes to the autopilot (CES). The rnagnitudes of the

angular errors are lirnited to t15 deg. It is understood that the autopilot
attitude turning rates are lirnited to * 10 deg/sec about the Y-body axis and

*5 deg/sec about the X and Z-body axes except after staging with the
DEADBAND switch in'rlvl-A'Xrrat which tirne no rate limiting exists. AGS

steering in no way protects the PGNCS platform against girnbal lock. The
following discussions assume Guidance Control in AGS, the LM in orbit
(lunar surface flag not set) and the Attitude Control Switches in the "MODEtt
position.

10. I Attitude Hold

The object of the rrattitude holdrt rnode is to generate steering corrì-
rnands such thatthe vehicle rnaintains the inertial attitude existing when

the attitude hold rnode is first entered. Attitude hold can be entered by

either setting the Mode Control switch on the lower center instrurnent
panel to the A/lS position or by utilizing address 400 on the DEDA and

entering the value +00000. Once the attitude hold rnode is established it
can be released by either causing the followup signal to be issued (Guid-

ance Control Switch to PGNS) or with the Mode ControL Switch in AlIl,
rnoving the rrstickrr out of detent. The preferred rnethod for reorientation
of the LM is to put the Mode Control Switch to A/H and orient the vehicle
to the desired attitude utilizing the attitude controller. Reentering the
rrattitude holdrrrnode (returningrrstickrrto detent) will cause the vehicle to
rnaintain the attitude that exists when the mode is reentered.

If the AGS is in the rrguidance steeringrr rnode, i. e., DEDA Address
400 is +I0000 and the Mode Control Switch is set to AlH, the AGS will issue

E/ON or EIOFF cornrnands that agree with the existing status of the rnain
engine. If the AGS is issuing E/ON cornrnands and the Mode Control
Switch is in AUTO then entering rritt'titude holdrr by setting DEDA Address
400 to +00000 will cause E/OFF cornrnands to be sent.
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10.2 Guidance Steerin

The address for ordering Guidance Steering is 400; the entry is
+10000. The object of the Guidance Steering selection of attitude
control is to orient the LM so that LM thrust vector points in the desired
dírection for achieving the objective of the selected guidance routine.
The RCS engines are assurned to thrust along the body axes. If the
DPS or APS engine is used, the thlust vector is assurned to be along
the positive X-body axis.

Becar¡se of thrust alignrnent errors, the actual thrust vectbr will
not lie exactly along the norninal direction. Srnall velocity errors at
engine cutoff rrìay result and will be sensed by the AGS. If desired,
sensed velocity errors at cutoff can be rernoved through axis-by-axis
thrusting (AV residual rernoval, see Section 28).

As rnentioned, the AGS aligns the LM thrust vector along the
desired thrust vector. The LM z-body axis can be controlled in any
of the following ways.

a) DEDA Address 623+00000

The LM Z-body axis is driven parallel to the CSM orbit
plane. If the positive X-body axis points ahead of the
local vertical (posigrade) the Z-axis lies below the local
horizontal. lt the positive X-body axis is behind the
local vertical, t}:.e Z-axis lies above the local horizontal.
If the X-body axis is vertically upward, the Z-body axis
will be pointed horizontally forward whereas if the X-
body axis is pointed vertically downward, the Z-body
axis will be directed horizontally opposite to the
direction of rnotion.

b) DEDA Address 623+10000

The LM Z-body axis is driven parallel to a plane
deterrnined by its norrnal unit vector VfL (DEDA
entries 514, 515, 516 ) . This rnode is-riorrnally
ernployed to rnaintain S-band cornrnunication during
lunar orbit insertion. The unit vector 'W, is entered
in octal and is norninally defined prior [õÞth" rnission.
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c) X Axis Override

Tlne Z-body axis can be oriented to any desired posi-
tion about the thrust axis by setting the Yaw Attitude
Control Switch to either t' PULSEtT or 't DIRECTTt
position and by rrreans of the hand controller orient-
ing the axis to the desired attitude.

In either situation (a) or (b) above the desir ed *Z-body axis orienta-
tion is a continuous function of the X-body axis orientation. The gain in
the E* channel decreases toward zero as the +X-body axis approaches a

perpendicular orientation with respect to the speci{ied plane. Thus, if
DEDA Addres s 623 is *00000 and the X-body axis is perpendicular to the
CSM orbit plane,then the gain in the yaw steering channel is zero for any
orientation of the Z axis. By specifying a unit vector W6 not norrnal to
the CSM orbit plane and by setting DEDA Address 623 to 110000,yaw

steering control can be rnaintained.

10.3 Z-Body Axis Steering

This rnode is entered via the DEDA by using the address 400 and

entering the value +2OOO0. No DPS or APS thrust can be accornplíshed in
this rnode with AGS in control. An option exists for specifying the desired
direction of the Z-body axis:

a) DEDA Address 507 +00000, Orient Z-body axis toward.
estirnated direction of CSM

b) DEDA Address 507 +i.0000,
de sired thrust direction.

Orient Z-body Axis in the

Option (a) is norrnally used during rendezvous radar acquistion whereas
option (b) is used to perforrn srnall thrusting rnaneuvers along tlne Z-body
axis' In either option with the Z axis pointed in the desired direction,
the X-body axis is oriented parallel to the csM orbit p1ane. If the
+Z-body axis is pointed ahead of the LM, the tX-body axis will be above
the local LM horizontal plane. If the z axis is behind the LM, the *x-
body axis will be below the local horizontal p1ane. The gain in the ro11

channel (Z axis) decreases toward zero as the *Z axis appïoaches a per-
pendicular orientation with respect to the CSM orbit plane. \{'hen per-
pendicular, the gain in the ro11 steering channel is zero for any orienta-
tion of the *X axis.
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In this rnode, rnanual control of the X-body axis can be achieved by
setting the ro11 attitude control switch to either the rrPulsetr or rtDirectrl

position and rnanually controlling the roll channel with the hand controller.

I0. 4 Pre -Thrust Steering

Pre-thrust steering is defined as that guidance steering (address
400 = + 10000) done prior to ullage for the purpose of orienting the LM for
the burn. AGS guidance steering is obtained by setting Guidance Control
to AGS, Mode Control to AUTO, the three Attitude Controls to MODE
CONT, and entering address 400 + 10000. The AGS will then orient the
LM to the particular guidance rnode selected (address 410). Note that it
is not necessary to depress the Abort or Abort Stage buttons to obtain
guidance steering. All pre-thrust steering is done in the External AV
guidance rnode (DBDA entry 410 + 50000).

10.5 Open Steering Channels

\{'hen the AGS is in control of the vehicle, the attitude control
switches (PITCH, YAI,V', ROLL) are usually in the rrMOD CONT" position.
Manual override on any particular channel can be accornplished by changing
the switch position for that channel to either "PULSE'r or rrDIR.rt In sorne

instances rnanually orienting one LM axis more than 90o frorn the desired
(AGS cornputed) direction can cause the LM to rotate through large angles
about the two AGS controlled axes. I'or this reason the following general
rule should be observed.

IN ATTITUDE HOLD ANÐ GUIDANCE STEERING,X AXIS OVERRIDE

CAN BE ACCOMPLISHEDTHRUANY DESIRED ANGLE. IN Z-BODY

AXIS STEERING Z AXIS OVERRIDE CAN BE ACCOMPL ISHED THRU

ANY DESIRED ANGLE. IF MANUAL OVERRIDE OF ANY OTHER

STEERING CHANNEL IS DESIRED, THE ATTITUDE EXCURSION

ABOUT THAT AXIS SHOULD BE LIMITED TO LESS THAN gOOFROM

THE DESIRED ORIENTATION AS COMPUTED BY THE AGS

a
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1T. O RESCALING FROM LUNAR TO EARTH MISSION

In order to rnake an inflight conversion of a lr¡nar scaled prograrn
to an earth scaled prograln, various constants rnust be input via the DEDA.
In addition to a1I targeting J constants, the following DEDA entries
should be rnade. All constants are based on Ftight Prograrn 8

( Ref erence 1).

Pararneter

>rB23SI'

,k813VStr'

>i.B22RStr'

,ßB23RSF

1K35

4KZ5

4KZ6

4KZ7

4K34

4K35
zKt
zKz

zK4

3K4

5r<26

K55

ZKLT

lK1B
tKz0
IKZZ

lKl9
tKzl
tKz3
BACCS¡'

lK 14

DEDA Address DEDA Entry Def inition

677

65t
656

653

634

446

454

473

660

66r

636

637

674

304

466

607

526

534
535
536

540
54L
542

657

537

>k'k+Z 0 30 5

>krk+z 000 0

>i.>i<+ 15367

á,1,+327 56

>k>k+0 0020

+00034

+00100

-07332
*>F+00100

>t rk+0000 7

;,<),<+62026

;s>'s+50732

,krk- l5'l52
+07839

+000 15

>1.>k+12 00 0

'k,r+13 5 60

( Note
( Note
(Note
(Note
( Note
( Note

tiÌ
iiÌ

>Njs+23420

( Note 4)

DEDA scale factor
DEDA scale factor
DEDA scale factor
DEDA scale factor
Accelerorneter bias
threshold
Engine Cutoff Cornpen-
s ation
AVO threshold
Descent Stage bias
a1 lower lirnit
Ullage threshold
Gravity Constant
LIZKI
-2( ZKrl,

Sine of TPI central
angle lirnit
V" threshold
Altitude rate scaling
V" lirnit
Accelerorneter s cale
factors including
cornpensation

Accelerorneter bias
corrLpens ation constants

DEDA scale factor
X-gyro SAMU com.pen-
sation constant
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)FNote 1

ri<>i<Note 2

Note 3

Note 4

These four DEDA scale factors rnust be entered first
as they are used for input processing of other DEDA
entries.

These entries are octal values.

These values rnust be read out via DEDA and rescaled
prior to DEDA entry as earth orbit constants. The
steps are as follows:

a. Read out the constant
b. Convert the octal readout to binary
c. Round the constant by adding one to the

second least significant bit
d. Drop the two least significant bits and add

two bits at the rnost significant end of the
word. The two bits added are zeros if the
readout was plus and ones if the readout was
rninus. Re-group as 5 digits.

e. Enter into the original address with the
original s ign:

Exarnple Correct 1K I 8

a. Readout

b. 11 0 011

c, fl0 011

d. 001 100

e. Enter

534+63r47

001 100

001 101

110 011

534+L4632

111

001

010

This value rnust be readout and rescaled prior to
entry as follows:

a. Readout LKL 4

b. Convert the octal readout to binary
c. Drop the two most significant bits and add

tv'to zeros at the least significant end of
the word. Re-group as 5 octal digits.

d. Enter the new value into the original
location with the original sign:

Exarnple

a. Readout
b. 000 000

c. 000 000

d. Enter

LT .2

537+00 n0
001 010

101 000

537+00 500

000

000



Note 5 Before changing BACCStr', readout and record the
three consta-nts in units of. ft/secZ, quantízed at
0.001 f.t/secZ, After changing BACiST' (accelero-
rneter bias cornpensation DEDA scale factor),
ror¡nd the constants by adding 0.005 to their rnagnit^ude
and re-enter the constants quantized at 0. 0 I ft/sec¿.

Exarnple Change lK21

Readout 541-00036. This equals -0. 036 Í.t/secZ.
Adding 0. 005 to 0. 036 gives -0. 04 I ft/secZ.
After BACCSI is changed, enter 541-00004¡

DUE TO PROGRAM SCALING, RENDEZVOUS RADAR
NAVIGATION STATE VECTOR UPDATING CAPABILITY
DOES NOT EXIST WHEN THE AGS FP8 IS USED IN
EARTH ORBIT.
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tZ. O GROUND CHECKOUT PROCEDURES PRTOR TO EARTH LAUNCH

This section lists those functions which are perforrned to assure
that the AGS is in a flight readiness configuration prior to Earth launch.
The intent of this section is to provide general inforrnation. Detail
inforrnation can be found in Reference 4.

1) Pre -Installati on Calibration -Deterrnination of all AGS
hardware pararneters (scale factors, biases, drifts,
rnisalignrnents, etc. ) before 35 days to launch. A subset
of these parafiteters constituting significant rnission error
sources will be used to prepare the Mission Constants
Tape.

z) Flisht lation - End to end spacecraft systerns check.
Interface between AGS and all related subsystems as
CES, ASCENT/DESCENT engines, FDAI, etc., tested
in a prograrnrned flight sirnulation.

3) Earth Prelaunch Calibration - Measurernent of the Y and
Z gyro constant drift pararneters and also the lurnped X
gyro constant drift and MUSRA (Mass Unbalance aì.ong
the Êpin Reference Axis) terrn. The data is used for
evaluation and pararneter update. In the norrnal flow,
a final EPC will be perforrned prior to cabin closeout
during countdown.

4l Flieht Prosrarn Load- Flight prograrn is loaded into the
AEA by ACE. The load operation will then be verified
by rneans of a Mernory Durnp and Cornpare routine.
The prograrn contains norninal values of all octal and
decirnal constants including the norninal values of the
compensation constants (scale factors, biases, etc. )
and rnission dependent constants (targeting, etc. ).

5) Uodatins Cornoe nsation Constants - Subsequent to the
Flight Prograrn Load and prior to earth launch the
following constants can be updated in the AEA by
means of ACE C Start:

7K1., 7K6, TKll - Gyro drift com.pensation coefficients

7K3, LKg, 7K73 Gyro scale factor error cornpensation
coefficients

Cornpensation constant for X gyro
spin axis rrrass unbalance drift

7K74
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,l.K[g, 7K27,
7KZ3 Compensation constants for

accelerometer bias

1Kj.8, 1K20,
7K22 Accelerometer scale factors

6) Mernorv Check-Subsequent to Step 5 a rnernory durnp
should be executed via ACE for final rnernory verification.
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P"ART III . PROCEDURES FOR AGS FUNCTIONS

13. O SYSTEM TURN ON

The following procedure should be followed to turn on the AGS.

1) Verify the positions of the following switches:

a) Guidance Control Switch in PGNCS Position - follow-up
signal is sent to the AEA and the AEA outputs are not
utilized.

b) .A'GS Status Switch in OFF position - applies inhibit
standby signal to ASA and AEA.

c) ASA. Circuit Breaker is closed. This breaker remains
closed to keep the sensors in the ASA up to temperature.

Zl After L5 rninutes, set AGS status switch to STANDBY -
this removes inhibit standby signal to ASA.

3) Close AEA Circuit Breaker - this applies power to
ABA.

4) After 25 rninutes in standby, close the AGS circuit breaker and
set the AGS status switch to "OPERATE'I. AGS flight prograrr
is initialized in an attitude hold, orbit insertion rnode. AGS
is aLso in followup and outputs Engine OFF commands.

WHEN THE AGS IS SWITCHED TO OPERATE FROM STANDBY OR

FROM OFF TO STANDBY, THE AGS CAUTION AND WARNING

LAMP ON THE CAUTION WARNING PANEL WILL COME ON.
SIMULTANEOUSLY, THE AUDIO WARNING ALARM IN THE

ASTRONAUT EARPHONES WILL SOUND. THE LAMP MUST BE

RESET By SW|TCH|NG THE "Oy'H2O QTy MON', TO "CW

RESET." THE ALARM SIGNALED THROUGH THE EARPHONES

MUST BE MANUALLY RESET TO STOP THE SOUND. THE

ACTIVATION OF THE TEST MODE FAILURE AND ALARM

SIGNALS IS NORMAL WITH THE ABOVE SWITCHINGS AND
DOES NOT IMPLY EQUIPMENT FAILURE.

T3- L



5) The system is now in operating condition.

6l Checks of Computer Readiness

A check of computer readiness should be made according
to the procedures of Section f4. l.

7l AGS Computer Time Initialization

AGS computer tirne should be initialized using the procedure
of Section 14. 2

8) Perforrn CSM, LM Navigation Initialization

The LM and CSM state vectors should be initialized wit]:
the appropriate procedurBs of Sectíon 15.0.

9) Align

An AGS align should be performed according to the procedure
of Section I6. 0.,.

I0) Calibration

The AGS should be calibrated according to the procedures of
Section 17.0.

l1) During step 10) enter targeting parameters for orbit inser-
tion per Section 22,0.

73.7 Systern Turn-Off

The following procedure should be used to turn off the AGS.

1) Open the AEA circuit breaker - AGS warninglarnp wi4
coïne on due to ASA low voltage (because of absence of
AEA clock).

2,1 Set AGS Status Switch to Of'F - AGS warning larnp will
go out.

3) Open the AGS circuit breaker.

4) Leave the ASA Circuit Breaker closed. This breaker
rernains closed to keep the sensors in the ASA up to
ternperature.

t3-z





14. O COMPUTER READINESS AND "A.GS TIME INITIALIZATION

These procedures are the first to be performed during AGS turn on

once the AGS is in an operate condition. The computer readiness proce-
dures may be performed when an AGS failure has been detected or an

.A'GS failure is suspected.

14. I Computer Readiness

In order to check the readiness of the AGS, the following procedures
should be followed:

1) Readout the self test selector (S
(address 4L21. IZ) oo the DEDA

Zl If the output is *I0000, proceed to step 5. If not +10000,
then an AEA error has occurred. The error indications

""a,*
+00000 Test not cornplete, if this state

exists for rnore t}:an 75 sec, test
is not being executed
Logic te st failure
Mernory test failure
Logic and Mernory test failure

+30000
+40000
+70000

()

If the indication is *00000 sorne failure has occurred
which is preventing execution of the self test, tf the
readout is one of the other indications deterrnine if
norrnal AEA operation has resurned by perforrning
step 3

3) Enter via DEDA 4IZ + 00000.

4l , At least 12 seconds after step 3 read out the self test via the
DEDA (addre ss 472).

ì

FOR THE SYSTEM TO BE OPERATING CORRECTLY THE

SELF TEST OUTPUT SHOULD BE 412+ IOOOO.

If the readout is not +10000, then self test indicates an
AEA error is stiIl occurring. I'urther operations with
the .A.GS are not recommended.

"Not.: BTME tapes d.o an autornatic tape load checksurn irnrnediately
after loading m.emory which sets Sn Z= +50000 if a failure ís detected.
This is not a valid inflight state.
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Ouþut of DEDA addres s 574 Indication

Any negative number

Any positive number

Staging has occurred

Staging has not occurred

5) Readout DEDA address 5?4,
recognition signal.

the state of the AEA staging

If the readout indication is not consistent with the actual
vehicle situation, insert via ÐEDA address 574, an
appropriate value (suggested values are *00000, if the
vehicle has not staged, -00000 if the vehicle has staged).

6) Readout DEDA addres s 604, the state of the lunar surface
flag ( 6zr).

7) If the readout indication is not consistent with the actual
vehicle situation, insert via DEDA address 604 an
appropriate value (suggested values are +00000 if LM
is not on the lunar surface, -00000 if LM is on the
lunar surface).

8) Readout via DED.$, address 612, the value of the staging
sequence counter.'.

9) If vehicle is not staged, value should read +00000. Enter
this value if necessary.

If vehicle is staged, value should read +00006. If +00000
is read out, enter +00007.

Attitude hold will be rnaintained at staging until the counter achieves the
value in location 622.

€

Output of DEDA address 604 Indication

Any negative number

Any positive number

Vehicle is on lunar surface

Vehicle is not on lunar surface
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10) Readout DEDA address 507, the indication of desired
Z-body axis pointing direction during Z-body axis
steering.

11) If the readout indication is not as desired insert via
DEDA address 507 the desired value.

IZI Readout DEDA addres s 623, the indication of desired
Z-body axis direction during guidance steering,

13) If the readout indication is not as desired insert via
DEDA address 623 the desired value.

'When these readiness procedures are used following a suspected
AGS failure and normal operation has resumed, a check should then be

made that the AEA computed LM and CSM state vectors and the AGS

attitude alignment are still valid. This can be accomplished by Mission
Control using the AGS telemetry data.

Output of DEDA address 507 Indication

+00000

+1 0000

In Z-body axis steering rnode
the Z-body axis will orient in
the estirnated direction of the
CSM.

In Z-body axis steering rnode
tl:e Z-body axis will orient in
the desired thrust direction.

Output of DEDA addres s 623 Indication

+00000

+1 0000

In guidance steering rnode the
Z-body axis will orient paral-
lel to the CSM orbit plane.

In guidance steering rnode the
Z-body axis will orient paral-
lel to the plane defined by the
unit vector 'W', 

.

-b
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7

I4,2 AGS Cornputer Time Initialization

I4. Z. 1 AGS Tirne Initíalízation when PGNCS is Operative

If the PGNCS is operating: The following PGNCS and AGS operating
procedures rnust be perforrned in the order presented'k.

PROCEDURES REMARKS

Select AGS Initíalizatíon Routine
(R47 ): Key V47E
Poss OPR ERR lt - on
Key V05 N09E - caLL alarrn

Rt 00220 REFSMFLG not set
R2 XXXXX
R3 XXXXX
exit R47

Key KBY REL & RSET, exit R47
Perforrn IMU Orientation

Determination (P51)
Return to beginning of step L.

z FL VO6 N16
Rl 00XXX hr
R2 000XX min
R3 OXX. XX sec

InitíaLízation of AGS time:
Selection of specific AGS tirne

bias (K)

Key DEDA C 377 +XXXX. X
(0. I rnin)

KCy DEDA ENTR

Before first AEA clock inítíalíza-
tion, V06 N16 contains rneaning-
less value. After AEA clock
initialization, V06 Nl6 contains
stored GET of AEA clock zero
(K). (GET of AEA clock zero is
MIT/IL expression for AGS tirne
bias. ) AGS tirne bias is required
because AGS tirne is Lirnited to
approxirnately 72 hours. GET -
AGS tirne bias (K) = AGS tirne.

To sirnplify computation of AGS
tirne, value for GET of AEA
clock zero (K) can be deterrnined
that:
7. Can be readily subtracted

frorn GET to obtain AGS tirne
2. Has occurred in recent past
3. Is easy to rernernber

Positive value of XXXX. X and
GET of AEA ENTR rnust be de-
terrnined so that GET of AEA
ENTR less XXXX. X equals pre-
deterrnined AGS tirne bias (K).

Entry to be rnade at GET of AEA
ENTR,

3

e
These operating procedures \,\¡ere obtained from the Apollo Operations

Handbook, Lunar Module 5, dated 15 February 1)69,
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PROCEDURES

Verify AGS time is incrementing
frorn XXXXX value entered in
step 3:

Key DEDA C 377R

Press DSITY Key Release
Key V25E

REMARKS

V25 ís used to Load in desired
value of AGS tirne bias (K).

If navigation initiaLization is to
be done next, Key DEDA C 4'1.4
+ 10000E before Keying PRO,
and proceed to Step 6 of Section
t5.1,

5

6. Check V06 N16
If value is not satisfactory,
Return to Step 5

Record K, Key PRO

7. FLVsO Nl6
Ri. 00XXX hr
R2 000XX rnin
R3 0XX. XX sec

8. To continue interrupted PGNCS
prograrn; Key PRO, exit R47

14.2.2 AGS Tirne Initialization if PGNCS is Inoperative
If the PGNCS is inoperative:
1) Enter into the DEDA 377 + 00000.

Z) Mission Control Center then deterrnines the AGS tirne bias
which is recorded for possible future use. Mission Control
Center also deterrnines LM and CSM state vectors for
Navigati on Initiali zatian.

AFTER THE AGS SYSTEM HAS BEEN SWITCHED TO
.'OPERATE" AGS COMPUTER TIME MUST BE INITIALIZED
PRIOR TO ENTERING CSM OR LM EPHEMERIS DATA.

This procedure is necessary for the following two reasons:

a) A cornputer overflow rnay occur if the epoch tirne is in-
consistent with AGS cornputer tirne.

b) The cornputer obtains the current LM state vector by
propagating the epherneris data to the present tirne. For
this propagation to be valid the present tirne rnust be
known.
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15. O NAVIGATION INITIALIZATION PROCEDURES

In this section procedures are presented to initialize AGS navigation
for the LM and CSM frorn external sources

t5,I Procedures for LM, CSM Navigation Update via PGNCS Downlink

The following PGNCS and AGS procedures rnust be followed in the
order presented.

PGNCS DOWNLINK UPDATES SHOULD NOT BE

PERFORMED tF THE LM pcNCS COMPUTER (LGC)
IS INOPERATIVE OR THE TELEMETRY IS IN THE

LOW BIT RATE MODE.

PROCEDURES REMARKS

7. SeLect AGS InitiaLizatíon Routíne (n+Z¡ ;
Key Y47E
Foss OPR trRR lt - on
Key V05 N09B - CatI alarrn

Rl 00220 REI'SM¡'LG not set
R2 XXXXX
R3 XXXXX
exit R47

Key KEY REL & RSET, exit R4Z
Perform IMU Orientation Deter-
rnination (P51)
Return to beginning of step 1.

Z. FL VO6 N16
RL 00XXX hr
R2 O00XX rnin
R3 OXX. XX sec

411 rnust be set to zeto f.or
a PGNCS/ACS state vector
trans fe r.

Before first AEA clock initializa-
tion, V06 Nf 6 contains rneaning-
less value. After AEA clock
initialization, V06 Nl6 contains
stored GET of AEA clock zeto
(K). (GET of AEA cLock zero is
MIT/IL expression for AGS time
bias. ) AGS tirne bias is required
because AGS time is lirnited to
approxirnately 72 hours. GET -
AGS tirne bias (K) = AGS tirne.

,)

DO NOT PE RFORM A pcNcs/AGs STATE VECTOR TRANS_
FER DURING THE 5 MINUTE LUNAR SURFACE CALIBRATION
THIS RESTRICTION IS REQUIRED TO PREVENT THE POSSI-
BILITY OF EXCEEDING THE 20 MSEC COMPUTATÍ ON
CYCLE OF THE AEA.
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PROCEDURES

3. Cornrnand LM/CSM state vector
update via PGNCS downlink:
Key DEDA C 4'l'4+10000E

4. Check V06 N16
Record K, Key pRO

v06 N16
Rl. 00XXX hr
R2 00OXX rnin
R3 0XX. XX sec

6. r'L V50 N16
Rl 00XXX hr
R2 000XX rnin
R3 OXX. XX sec

Ve rify AGS initi alizati.on
cornplete:
Key DEDA C 4l4R+00000
To continue interrupted PGNCS
program:
Key PRO, exit R47
To terminate:
Key V34E, exit R47

8. If update accuracy verification is
de sired:
Display LGC rendezvous
parameters (R31) - Key V83E
FL V16 N54

Rl Range XXX. XX nrn
R2 Range rate XXXX. X fps
R3 E XXX. XX

9. Read out AGS range rate :

Key DEDA C 440R xxxxx (0.111
fPs )
Cornpare PGNCS & AGS values of
range rate
Values should be within 10 fps
To terrninate R31:
Key PRO

REMARKS

After keying PRO (step 4), dis-
play is static until AEA downlink
list is transrnitted 10 tirnes. If
IMU is not in use CDU, LGC and
and AEA girnbal-angle counters
are zeroed, DAP ie disabled
during this tírne (=12 eeconds).

Occurs within 2 seconds.

Range rate
cornparison is usable up to
8, 388, 000 feet (1380 nrn) in lunar
orbit or up to 33,554, 000 feet
(5, 518 nrn) in earth orbit.

If IMU orientation has changed
since last AGS alignment, per-
forrn AGS/PGNCS Align. W'ait
at least 30 seconds after CDU
zeto.

7
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15, Z Procedure s for LM In itialization V ia DEDA)|<

4I I MUST BE SET TO +OOOOO BEFORE ENTERING
ANY OF THE VALUES FOR A DEDA UPDATE OF
THE LM OR CSM STATE VECTORS. IF THIS IS
NOT DONE, AN ERRONEOUS STATE VECTOR
UPDATE CAN OCCUR.

1 Enter the LM Data via the DEDA and verify according to the following
table: (411 data rnust be entered)

Equation
Svmbol Addr ess Des c ription

lJ1

TTZ

lJ3

rJ4

lJ5

Ã6

iJ7

240

z4l

z42

260

z6L

262

254

X-cornponent of LM position,
AGS coordinates
Y-cornponent of LM position,
AGS coordinates
Z-cornponent of LM position,
AGS coordinates
X-cornponent of LM velocity,
AGS coordinates
Y-cornponent of LM velocity,
AGS coordinates
Z-cornponent of LM velocity,
AGS coordinates
Epoch tirne of LM epherneris
data, AGS tirne

Z, Enter into the DEDA 414+20000.

3 Verify I'cornpletion of ínitíalízationrr by reading out DEDA
Address 414. The value is autornatically set to +00000 after
the update is cornplete (within 2 seconds of Step 2).

>l'Position components are quantized at 100 feet and velocity cornponents
at 0,l fps for lunar rnissions and 1000 feet and l fps respectively for
earth rnissions. Epoch tirnes are quantized at 0.1 rninute.
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Epoch times input to the AEA via the DEDA are in units of minutes
with a quantization level of. Lll0 minutes or 6 seconds.

EPOCH DATA USED IN THE AGS FOR NAVIGATION UPDATES VIA

THE DEDA MUST BE VALTD AT A MULT|pLE OF t/I0 MTNUTE

If this is not so, position errors on the order of 12 miles for Earth mis -
sions and three miles for lunar missions could result just due to roundoff
of epoch time through the DEDA.

15.3 Procedures for CSM Ínitialízation vía DEÐA*

l) Enter the CSM data via the ÐEDA and verify according to
the following table: (all data must be entered)

J-'Position components are quantized at 100 feet and velocity components
at 0. I fps for lunar missions and 1000 ft and I fps respectively for earth
missions.' Epoch times are quantized. at 0. I miäute.

.t

Equation
Symbol Address Description

ZJT

zJz

2J3

?,J4

zJ5

zJ6

?,J7

244

245

246

264

265

266

272

x component of CSM position, AGS
coordinate s

y component of CSM position, AGS
coordinates
z component of CSM position, AGS
coordinates
x cornponent of CSM velocity, AGS
coordinates
y component of CSM velocity, AGS
coo rdinate s

z component of CSM velocity, AGS
coordinate s

Epoch time of CSM ephemeris data
AGS time
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Zl Enter into the DEDA 414 +30000.

3) Verify rrcornpletion of ínítíaLízationrr by reading out DEDA
address 414. The value is automatically set to +00000 after
the update is cornplete (within 2 sec of step 2).

15.4 Discussion of AGS Navigation for Information Pu ose s

This section contains a discussion of the navigation employed by the
AGS along with the limitations imposed.

15. 4.1 CSM Navigation

The CSM position and velocity at any tirne is determined by utiliza-
tion of a subroutine called the rrEllipse Predictorr'. This subroutine has

the capability of accepting position and velocity of a vehicler say at time
tE, and determining the position and velocity of a vehicle at another time
say t" + Ti. T, can be either positive or negative but because of computer
scaling it is lirnited in rnagnitude. The prediction of position and velocity
is based upon the assumption that the gravíty model of the attracting body
is spherical. Because the actual gravity is not truly "sphericalrr the

proportionality constant used in the gravity model is rrtuned'r to the range

of trajectories under consideration.

For CSM navigation, position and velocity, valid at an epoch tirne

tE, are stored in the cornputer. If, for exarnple, it is desired to know the

position and velocity of the CSM at the present tirne t then the time (tr)
since epoch time is computed and used in the ellipse predictor along with
the epoch position and velocity. The output of the ellipse predictor is the

present position and velocity of the CSM. The epoch point is rnaintained as

the original point unless I'bootstrappedrr by the AEA (Section 15.4. Zl.

SINCE THE ELLIPSE PREDICTOR ASSUMES THE VEHICLE TO

BE IN FREE,FLIGHT, THE AGS MUST RECEIVE NEW CSM

EPOCH DATA AFTER EVERY CSM AAANEUVER.
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15, 4.2 Epoch Time Bootstrap

As indicated in Section 15.4.1, the prediction time T, can be either
positive or negative but it is limited in magnitude because of computer
scaling. The lirnit is *8191 seconds which is somewhat greater than the
time of I CSM orbit. In order not to exceed the computer scaling the
quantity t6 (time frorn cSM epoch to present tirne) is compared. to the
orbital period of the csM (Tcsvt). 'when 

fo exceed" TcsM the csM
epoch tirne (tr) is advanced by one orbital period. Thus, no cornputer
overflow occurs during CSM navigation because of the rnanner in which
the update operation is performed in the computer. For future epoch
points, however, if the sum of the CSM orbital period and the time to the
epoch point exceeds 81Ç1 seconds, an overflow will occur in the targeting.
For a 60-nautical mile CSM orbit this will occur for epoch times l6 min-
utes or rnore in the future.

NO EPOCH POINTS MORE THAN Ió MINUTES IN THE FUTURE

SHOULD BE ENTERED FOR THE CSM NAVIGATION UPDATE.

15, 4.3 LM Navigation

15.4.3. t Inflight Navigation. The rrellipse predictorrr subroutine as

discussed in Section 15. I does not take into account any acceleration of
the vehicle other than that due torrspherical'r gravity. Thus, the technique
used for CSM navigation is not used for LM navígation since the LM vehicle
goes through various thrusfing phases. LM navigation is done by integra-
ting the equations of motion of the vehicle. In this way all accelerations
(including thrust) can be used where appropriate. The only time the ellipse
predictor subroutine is used for LM navigation is during coasting flight
when new LM ephemeris data is obtained and this data is updated to the
present time (for use as initial conditions in the integration equations).
of course, for the updating to be valid two conditions are required.

I

2

NO LM THRUST ACCELERATION CAN OCCUR BETWEEN THE

TIME THE EPHEMERIS IS DETERMINED (FROM EXTERNAL

souRcEs) AND THE UPDATE T|ME.

THE TIME FROM THE EPHEMERIS POINT TO THE UPDATE

TIME CANNOT EXCEED 819I SEC.
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15, 4.3. ?, Surface Navigation. On the lunar surface a simplified form of
For this reason:LM navigation is perforrned.

THE EPOCH TIME FOR LM NAVIGATION

UPDATES ON THE LUNAR SURFACE SHOULD

BE WITHIN 0.5 HOUR OF NOMINAL LIFT-

OFF TIME.

15.4.4 DEDA Entry Errors

A DEDA entry of *00000 in address 4t4 is treated as a *10000
entry by the flight prograrn. If the PGNCS downlink contains the correct
identification word, the PGNCS downlink will be used to initialize the
LM and CSM states in the AGS. If the identification word is not present,
initiaLization will not take place.

NEVER ENTER +OOOOO ¡NTO ADDRESS

414 vtA DEDA. tF THtS tS DONE, THE

FLIGHT PROGRAM WILL SEARCH THE

PGNCS DOWNLINK FÒR THE IDENTI-

F¡CATION WORD. SHOULD THE IDEN-
TIFICATION WORD BE LOCATED THE

LM AND CSM STATE VECTORS COULD

BE DESTROYED.

SHOULD +OOOOO OR +IOOOO BE INADVER.

TENTLY ENTERED INTO ADDRESS 414,

THE PGNCS SEARCH CAN BE ELIMINATED

BY ENTERING 5ó3+OOOOO.

Position, velocity and tirne DEDA entry errors prior to entry of
+20000 or *30000 in address 4L4 (LM or CSM DEDA inítíalization) rnay
be corrected by reentering the correct quantities prior to the address
414 entry.
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15.5 LM State Vector InitíaLízation after Touchdown for T I & TZ Aborts

Due to possible loss of attitude reference at touchdown frorn landing
shock, it is desirable to perforrn a lunar alignrnent irnrnediately after
touchdown. The following procedures provide a lneans of obtaining a LM
state vector update consistent with the alignrnent. A. "canned state vectorrl
corresponding to the estirnated landing site is stored in 1J1, IJ2, 1J3,

lI4, 1J5 and lJ6 after the last state vector transfer frorn the PGNCS prior
to PDI. 1J7 is set to a tirne corresponding to touchdown * 6 rninutes.

The detailed procedures are as follows: After the last PGNCS to
AGS state vector transfer prior to PDI, the following entries aïe rnade:

C4I4 R (+00000 - State vector transfer cornplete)

JI =
J2=
J3=

Set

4=0
5=t
$=-

cz60
c26t
c?.62

CZ4O + RRRRRE
cz4I + 00000E
cz4z + 00000E

C413 + 10000E

c400 + 40000E

c4t4 + 200008

landing site radius)
0)
0)

t
I
I

+ 00000E ( lJ
+ YYYYYE (Set lJ
- ZZZZZE (Set lJ

)

5. 2 sin [i])
15. 2 cos [i])

Store landing azirnuth and set lunar surface flag

Perforrn lunar align

Initialize LM state vector

where i is the angle between the AGS Z ínertíal axis and the lunar equato-
rial plane rrreasured in the Y-Z ínertial plane clockwise frorn the westerly
direction to the }'GS Z-axis.

C254 + TTTTTE (Set 1J7 = est. tirne of touchdown * 6 rnin)

After touchdown the following entries are rnade:
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16. O ALIGNMENT

Alignrnent of the strapdown systern consists of the cornputation of
the direction cosines which relate vehicle body axes to the desired inertial
coordinate systern. In the AGS system the alignment techniques can be

classified according to whether or not the PGNCS is operative.

t6. I AGS Alienment with PGNCS Operative (AGS Al isn to PGNCS)

16. r. 1 In Flisht P rocedure

l) Verify that the PGNCS inertial platform is operatirg.'*

?l Verify that after the AGS systern is put in the |TOPERATEI'
status, a PGNCS downlink navigation update has been per-
formed. This procedure can cause a CDU zero signal
to be sent to the AEA which in turn would cause the
AEA Euler angle registers tole set to zero and to
count up to the correct value.'"'''

3) At least 30 seconds after cornpleting the PGNCS downlink
navigation update, enter via the DEDA the code 400 +
30000. This causes the AGS to PGNCS align to be
accornplished within 2 sec. The systern is then auto-
rnatically placed in the attitude hold subrnode (SOO = 0).

4l Verify that AGS to PGNCS align has been cornpleted by
reading out DEDA address 400. The output should be
400 + 00000. Further verification of alignrnent is ob-
tained by observing that the attitude ball on an I'DAI
gives the same reading (within systern tolerances ) when
the Attitude Monitor switch is in either the PGNCS or
AGS position. 

t

L6.1.2 L:unar Surfa Procedure

1) Verify that the PGNCS inertial platforrn is operating.

>k

To avoid CDU trcoarserrswitching transients, ensure that no IMU girnbal
angle is within *5 degrees of integer rnultipLes of 45 degrees (including 0
degrees). CDUrrfineil switching transients are avoided as long as all git11-
bal angles are rtìore than 17.25 degrees arvay frorn 0 degrees ãnd a COU
zero has been executed. If ttris procedure is followed, it is trighly unlikely
that fine switching transients will occur during alignrnent,

Setting the CDU's to zero is required once each time the AEA Circuit
Breaker is closed.

,)
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2l Verify that after the AGS systern is put in the "OPERATE"status, a PGNCS downlink navigation update has been per-
forrned. This procedure can cause a CDU zero signal
to be sent to the AEA which in turn would cause the AEA
Euler angle registers to be set to zero and to count up
to the correct value.

3) At least 30 seconds a.fter cornpleting the PGNCS down-
link navigation update, enter via DEDA the code 400
+ 30000. This causes the AGS to PGNCS align to be
accornplished within 2 seconds. The systern is auto-
matically placed in the attitude hold submode (SOO = 0).

4) Verify that AGS to PGNCS align has been cornpleted by
reading out DEDA address 400. The output should be
400 + 00000. Verification that CDU coarse transients
have not occurred during alignrnent is rnade as followst

a) After cornpletion of alignrnent (DEDA Address
400 + 00000), read out DEDA Addre ss 732 (octal).

b) Repeat AGS to PGNCS align by entering via DEDA
the code 400 + 30000. Verify cornpletion of align-
rnent by reading out DEDA address 400. (The
output should again be 400 + 00000).

c) Upon completion of second alignrnent, again read
out DEDA Addre ss 132. If a change of rnore than
2 octal counts is indicated in the fourth place of
Addre ss 132 (+ XXX?X), reperforrn the AGS-to-
PGNCS alignrnent. Yr

16.1.3 Díscussion

In the AGS to PGNCS align rnode, the AGS direction cosines are set
equal to the PGNCS direction cosines as cotïìputed from the PGNCS Euler
Angle" 0p, ôp, lnt Thus the AGS inertial reference frarne is the same
as the PGNCS stable rnember coordinate frame.

THE X-Z PLANE OF THE AGS INERTIAL REFERENCE FRAME MUST LIE WITHIN

IO DEG OF THE CSM ORBIT PLANE DURING RENDEZVOUS RADAR UPDATING

TO OBTAIN CORRECT OPERAT¡ON OF THE RADAR FILTER

'*A .h.rrge of three counts in the next-to-least-significant octal digit
would indicate a change in the pitch plane Euler angle of from 0. 056 deg
to 0.084 deg,
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L6. Z AGS Alignm ent with PGNCS Inoperative

In the event the PGNCS is inoperative several alignment techniques

exist for the AGS. On the lunar surface the submode called Lunar Align
(SOO = 4) can be utilized as well as the BodyAxis Align techniques dis-

cussed below. 'When inflight, only the Body Axis Align techniques are 
'

applicable. These various methods are nou/ considered.

16. Z.l Lunar Align

Lunar Align orients the AGS x-inertial axis to the vertical. The y

a¡¡d z-inertial axes with respect to the z-boily axis are determined from

azimuth reference data input to the DEDA before the Lunar Align.

One method of providing tlne azírnuth reference is to use the stored

AGS indicated LM attitude existing in the AEA shortly after touchdown.

Storing is accornplished irnrnediately by DEDA entry 413 = any nurnber

(+ lOO00 is suggested). The basic assurnption inherent in storing attitude

data is that the landing shock will not disrupt the inertial attitude refer-
ence nor will the LM change its azirnuth angular orientation (by settling

or shifting) after the attitude is stored.

Near the end of the lunar stay, MCC will deterrnine if an update is

necessary to correct the stored attitude data for the rnoonrs rotation and

the CSM orbit plane change. If so, an azírnuth correction is cornrnunicated

to the LM where it is entered via DEDA into location 547 (Aô) or the sine

and cosine of ô" are entered into locations 04? and 053, respectively.

A second, rrtore general rnethod of obtaining the azimuth reference

is provided by the AoT. The general procedure is as follows:

a) Perform Lunar Align (orients x-inertial axis to be vertical).

b) Take AOT star shot, one known star.

c) Cornrnunicate the two angles to earth.

d) Earth records star data and telernetered AGS attitude
cosines and compute s azirnuth reference correction.
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f) Perforrn Lunar align at designated tirne just before launch
for final alignment.

The AOT procedure is not affected by landing shock or LM settling before
the AOT star shot.

Lunar Align is started by entering via DEDA address 400 + 4OO0O.

A rninirnum of three rninutes is required to perforrn lunar align. The
systern does not automatically switch out of lunar align after 3 rninutes.
In fact, final lunar alignrnent should only be terrninated within *4 rninutes
of the norninaL liftoff tirne.'k This is accornplished by entering a value of
+ 00000 or f L0000 into address 400.

THE AGS MUST REMAIN IN THE LUNAR ALIGN SUBMODE
(ADDRESS 400 + 40000) UNT|L JUST PRIOR TO NOMTNAL
LIFT OFF TIME. EARLY EXIT FROM LUNAR ALIGN RESULTS

IN ALIGNMENT ERROR ACCUMULATION AT THE RATE OF
APPROX¡MATELY 0.5 DEG/HR (LUNAR RATE).

'f'V'hen the lunar align is terrninated, the reference frarne goes inertial.
Nominal lunar liftoff tirne is the tirne when the reference flarne achieves
its designated orientation.

e) Earth cornrnunicates and flight crew enters either

(i) Aô (if correction < 5 degrees) DEDA addre ss 547

(ii) cos 6¡, sin 6¡ (if correction ) 5 degrees) DEDA
address 053 and 047 respectively. Also enter 547 +
00000 which sets Aô = 0.

r6- 4



16. 2,2 .{GS In-Orbit Alisn

Proposed in-orbit A1ign techniques are outlined below. Two

clas s ifications,

a ) Use existing reference frarne

b ) Establish desired reference frarne

are apparent and are discussed below. For either type alignrnent, the

following two steps are necessary:

1) Two star sightings are taken with the selected optical
device, either the AOT andf or the COAS. Mission
Control Center rnust record the .A'GS direction cosines
existing sirnultaneously with each star sighting.

Zl The Mission Control Center computes the orientation
of the AGS inertial reference frarne existing at the
tirne of the two star sightings. This is to say, Mis-
sion Control can cornpute unit vectors pointing in the
respective directions of the AGS x, Y, and z inertial
axes, expressed in the ground cornputerrs cornputation
inertial reference frarne.

,A'GS Alignment is then performed as follows:

a) Existing Reference Frarne Orientation
In this rnode, the DEDA entry for Body Axis Align is not
necessary. The ground cornputer, knowing the orienta-
tion of the AGS reference frarne and knowing also the posi-
tion and velocity of the LM and CSM, cornputes the LM
and CSM state vectors with coordinates expressed in AGS
reference frarne. The state vectors are con).tltunicated to
the LM where they are inserted into the AEA. Lf only the
IMU has failed (assurning PGNCS failure) but not the LGC,
the AGS state vectors can be up-linked to the LGC and
then downlinked by the crew to the AEA. The alignrnent
is now complete.

The alignrnent errors resulting frorn the above procedure
depend on the accuracy of the star sightings and the capa-
bility of Mission Control to record the telernetered .A.GS

cosines existing at the instant each star sighting is rnade.
Because of the possibility of tirning errors, it is highly
advisable that LM rotation rates, at the tirne of rnarking
a star sighting, be held to a rninirnurrr. In addition, the
existing AEA reference frarne rnust be such that the
y inertial axis is greater than 10 degrees frorn the LM
orbit p1ane.
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b) Preferred Reference Frarne Orientation
If a preferred orientation of the AGS reference frarne is
desired, the reference frarne existing at the tirne of the
star measurernents rnay not suffice. In this case, Mis-
sion Control can direct the flight crew to orient the LM,
in inertial space, to a desired attitude as indicated by the
attitude angles on the FDAI. 'rBody Axis Align'r is then
executed via two DEDA cornrnands.

l) Enter via the DEDA 400 + 50000. This slaves the
reference cornputational frarne to the body axes
(instantaneously).

Zl .4.t the tirne when the align is to be perforrned,
enter via the DEDA 400 + 00000. This releases
the reference frarne from the body axes allowing
it to rernain fixed in inertial space.

Unless the preferred reference frame corresponds to the
one in which the LM and CSM state vectors already exist-
ing in the AE.A. are valid, the LM and CSM state vectors
must be updated. The error in achieving the desired LM
attitude via the FD.A.I results directly in an alignrnent
error. Other error sources using this technique are
noted in a) above. Because of the restrictions oTr the AEA
computations, the preferred attitude used in this align
technique must be such that the y inertial axis is greater
than 10 deg frorn the CSM orbit plane.

The procedure described above does not require the
simultaneous sightings of the two stars nor that the vehicle
attitude be held between sightings. If it is possible that
the AOT can be ernployed in such a way that the two star
sightings rnay be taken sirnultaneously, and if Body Axis
Align can be entered sirnultaneously with the star sight-
itg, then it is not necessary for Mission Control to
rnonitor the telemetered AGS direction cosines closely in
tirne. At the tirne of the rrrnarkrtr the cosines obviously
take on the values of the unity matrix. The resulting AGS
reference frarne orientation, however, will correspond
to the orientation of the LM at the tirne of the align. In
general, LM and CSM state vectors rnust be reinitialized.
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MSC presently includes two procedures in their checklists for the
AGS infLight alignrnent when the PGNCS/AGS alignment (400 + 30000) will
not work. These two alignrnents are outlined below and were taken intact
frorn the LM G&N checklist used in the H- I rnission.

BACK-UP RNDZ A.LIGNMENT

1 Ï.ly to 0o Roll, Z-r',:xís Toward CSM

z 400 +5

3 4OO +O DO NOT ENTER

4 'When W'ings Level (HORIZ REF) .A.nd Z-Axis
Toward CSM Key ENTER And Note GET_

5 Coordinate with CSM To Adjust Ordeal
(PITCH LM = 180o + PITCH CM)

6 Transrnit GET of Align to MSFN

BACK-UP STAR ALIGNMENT

MODE CONT: AGS - ATT HOLD

MNVR To Place Star Set In ,A.OT (f'WD DETENT)

Position Prirne Star In Center of Reticle

DEADBAND . MIN

Rotate Reticle To Place Either +X, +Y Line
on Star f2

400 +58
400 +08

RECORD & Report To MSFN Star Set, ID Line
.4'OT Counter

(Star #1)
(Star fZ)
(ID Line )
(AOT Counter)

MNVR To FD.A.I Ang1es Frorn MSF N

At New Attitude
400 +58
400 +0E

t

z

3

4

5

6

7

8

9
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17 . O CALIBRATION

Calibration of the gyros and accelerorneters as perforrned in the

AGS can be placed in three separate categories; Lunar Surface Gyro Cali-
bration, Inflight Gyro and Accelerorneter Calibration, Inflight Acceler-
orneter Calibration only. Procedures for perforrning these calibrations
are considered in turn.

L7 . L Lunar Surface Gyro Calibration

Shortly after lunar touchdown the DEDA entry 4ï3 + 10000 should
have been rnade. This entry does three things:

a) Stores AGS attitude for possible future lunar align
b) Sets the AEA lunar surface signal flag
c) Inhibitsaccelerorneter calibration

PROCEDURE

{)
1) If the PGNCS i.s operative, perforrn a PGNCS to AGS

align. If PGNCS is not opera.tive, perforrn a lunar align.

2l At the completion of align, enter via the DEDA
400 + 60000.

DO NOT PERFORM A PGNCS/AGS STATE VECTOR TRANS-

FER DURING THE 5 MINUTE LUNAR SURFACE CALÍ BRAT1ON

THIS RESTRICTION IS REQUIRED TO PREVENT THE POSSI-

BILITY OF EXCEEDING THE 20 MSEC COMPUTATION

CYCTE OF THE AEA.

3) Cornpletion of calibration (302 seconds required) can be
verified by reading out DEDA address 400. At cornple-
tion, the readout autornatically returns to * 00000.

17 . Z Inflight Gyro and Accelerometer Calibration
(DEDA entry 400 + 60000)

IF THE PGNCS IS INOPERATIVE, DO NOT ENTER THIS MODE

WHILE IN FLIGHT. TO DO AN INFLIGHT ACCELEROMETER

CALIBRATION, PROCEED TO SECTION I7.3.
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PROCEDURE

1) Vehicle in PGNCS ATT HOLD.

2) Maneuver vehicle via ACA until DSKY display of ICDU
angles read ap^proximately 22.5 d.egr"u" "*"y frorn 0o,
45o, 90o, 7350, etc., in all three channels.

3) Perforrn IMU CDU zero. 'W'ait at least 20 seconds
before proceeding to step 4. As long as all gimbal
angles are tnore than 11.25 degrees a\May frorn 0o,
the CDU zero and subsequent rtcount-uprt (requires a
maxirnum of.20 seconds) exercises all of the CDU
rrfinerr switches and it is highly unlikely that fine
switching transients will occur duríng calibration.

4) Inhibit the RCS.

5) Enter the calibrate mode via DEDA entry 400 + 60000.'W'ait at Least 35 seconds before proceeding to step 6.

6) Return the vehicle to PGNCS .4.TT HOLD only if vehicle
rates are greater than 0. 075 deg/sec. 'Wait two rninutes
before proceeding to step 7.

7) Inhibit the RCS. Remain in this state until calibra-
tion is cornplete.

8) If during the last minute of calibration it would be
necessary to manually command an RCS jet firing to
prevent a rrcoarserr CDU transient in any channel
(ICDU angLes crossing 0o, 45o, 90o, ti5o, etc. )
then manually exit the calibration via DEDA entry
400 + 00000.

TNFL|GHT GYRO AND/OR ACCELEROMETER CALTBRATTON MUST

ONLY BE PERFORMED DURING FREE FLIGHT. ATTITUDE

ROTATION RATE SHOULD BE LESS THAN O.I DEGREE PER

sEcoND. 
*

\¡fith the AGS in control, there is no automatic attitud.e control duringinftight calibration since the attitude error commands are set to l,,eto.'When the PGNCS is in control, attitude hold can be achieved with the
Mode Control Switch.
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17.3 Inflight Accelerorneter Calibration Only

PROCEDURE

l) Vehicle in ATT HOLD.

Z) Inhibit the RCS.'l'

3) Enter the calibrate rnode via DEDA entry 400 + ?0OOO.

Calibration is cornpleted in 32 seconds. After 302 seconds, the

readout of DEDA addrese 400 returns to + 00000 (attitude hold). Infl.ight

Accelerorneter Calibration Only does not affect AGS alignment. Vehicle

attitude fitaneuvers rrìay be resurned after 35 seconds. (Inflight Accelerorn-

eter Calibration rnay be terminated any tirne after 35 seconds via DEDA

entry 400 + 00000. )

17.4 Discussion

The gyro and accelerometer bias compensation values should be on

record prior to the inflight calibration. These can be obtained via DEDA

readout.

Equation
Syrnbol

tKl
1K6

IKl1
1KIg
1K2 t
lK.z3

Address
544

545

546

540

54L

542

Description
x gyro drift coñrpensation coefficient
y gyro drift com.pensation coefficient
z gyro drift cornpensation coefficient
x accelerorneter bias cornpensation coefficient
y accelerorneter bias cornpensation coefficient
z acceLerorneter bias cornpensation coefficient

It is acceptable to do an inflight accelerorneter only calibration with the
RCS not inhibited, but calibration accuracy rnay be degraded.
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After calibration, the new corïtpensationvaLues canbe read out. The

gyro compensations are DEDA available as decirnaL quantities, degrees/
hour, quantized to 0.01 degree/hour. The accelerorneter cornpensations

are read out as decirnal quantities, quantized to 0.00 I fps? (= 31 pg). The

acceptable bounds on gyro drift and accelerorneter bias shifts, which can

occur between two successive calibrations, are given in Table 77.'t'.

Three lirnits are given for each instrurnent. The first is for the tirne
interval between prelaunch and the first inflight calibration. The second

is for the difference between two successive inflight calibrations. The

third lirnit indicates suspected instrurnent failure. (The first and second

lirnits define norrnal behavior). Should an inflight calibration result in a
coñrpensation shift which exceeded the acceptable lirnit, but not the failure
lirnit, it is recornrnended that another IFC be conducted. If the lirnit is

still exceeded, it is recornrnended that the new values be discussed with
Mission Control. If the lFC results in a cornpensation value which ex-

ceeds the failure lirnit, a systern problern is evident and Mission Control-

shouLd agaín be contacted.

TabLe 17. 1 Bounds on Inflight Instrurnent Compensation
Shift (Lunar Mission)

(1)g"""d on i.B days frorn EPc to IFC
(Z)g"""d on 60 days from PIC to IFC
(3)n.".d on less than 24 hours between IFC's.

r)

Instrument Launch to IFC IFC to IFC F ailure Lirnit

Gyro Drift +0. 9oo/t "(1)
+0. zoolrr"(3) *7 deg/hr

Accelero-
rneter

Bias

*0.008 fps2 (2) *0.008 fps 2 r o. 039 fpsz
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Thirty two (32) sec after entering the calibrate rnode, the acceler-
orneter calibration is cornpleted. The accelerorneter bias cornpensation
constants are rnodified in the AEA only at the completion of the calibration
process. If the .A'GS is rernoved frorn the calibrate rnode prior to 32 sec-
onds, the initial values of the calibration constants will be rnaintained.
The gyro calibration updating is performed differently. Once each two-
second cornpute cycle during calibration, the gyro calibration constants
are reestirnated. and updated in the AEA. If the AGS is rernoved from the
calibrate rnode before the al.lotted 302 seconds has elapsed, the updated
constants will be utilized by the AGS. If the calibration rnode is exited
before L80 seconds have elapsed, reload the initial values of the gyro
caLibration constants. The constants obtained after 180 seconds will be
rrlore accurate than those existing prior to entering the calibrate rnode
but less accurate than those that would have resulted had the gyro calibra-
tion been cornpleted.
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18.0 RENDEZVOUS RADAR (RR) NAVTGATTON UPDATE

This section contains the procedure to be used to obtain a LM
navigation update using the Rendezvous Radar.

There are two rnodes ( autornatic and rnanual) of LM navigation
updates using the rendezvous radar. The digital radar filter used in
the AEA is the sarrre for autornatic and rnanual RR updating. The

difference between autornatic and rnanual rnodes is that in the autornatic
rnode, range, range rate, and shaft and trunnion angle rneasurernents

are provided by the PGNCS downlink. In the rnanual rnode, range and

range rate rneasurerllents are read frorn the tape rneter and rnanüaIly
entered via DEDA by the crew. Also, for rnanual updating, zero shaft
and trunnion angles are assurned for the range entry.

For best results, the radar data entry schedule should consist of
a sequence of at least six range entries. One range rate entry should
be rnade in the interval between each pair of range entries. At long

ranges (pre-CSD, a radar data entry schedule should consist of a
sequence of. at least nine range entries. These recomûLendations are
subject to change based on current perforrnance testing for a particular
rnis s ion.

During rendezvous radar updating, the X- Z plane of the AGS

inertial reference frarne rnust lie within l0 degrees of the CSM orbit
plane to obtain correct operation of the radar filter.

ANY EXTERNAL NAVIGATION UPDATE INFORMATION (PGNCS DOWNLINK,
MSFN) OBTAINED DURING THE RADAR DATA GATHERINê PROCESS COM-
PLETELY SUPERSEDES THE PREVIOUS RADAR NAVIGATION UPDATTNG:i.e., THERE ls No coMBlNlNG oF UPDATE INFoRMATtoN wlTH THE
NAVIGATION ESTIMATES ALREADY IN THE COMPUTER.

The radar filter is initializedby setting DEDA Address 417 to +10000.

During both rnanual and autornatic radar updating, the nurnber of
range and range rate rnarks accepted by the AGS rnay be read out via
DEDA Addres s 621. The forrnat of. this display is +XXOYY where XX
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i.e. , PRIOR TO CSl, CDH, TPl, AND M¡DCOURSE) AUTOMATIC OR
MANUAL MODE, DEDA ADDRESS 4I7 MUST BE SET TO +IOOOO TO
INITIALIZE THE RADAR FILTER.

PR¡OR TO THE START OF T E OF RADAR DATAKING EACH EQUE

is the nurnber of range rnarks and YY is the nurnber of range rate updates.
The rnark counter is autornatically set to zero whenever the filter is

initializ ed.

18. 1 Procedure for Autornatic RR Updating

1. General

The autornatic RR updating rnode is started by DEDA entry
411+10000 and stopped by DEDA entry 411+00000. It would be a good

practice to set 411 after beginning the Rendezvous and Pre-thrust
Downlist frorn the PGNCS and to reset 411 before stopping the

Rendezvous and Pre-thrust Downlist, although no problerns should
result if this practi ce is not followed. The radar updating periods

using the autornatic rnode should be long enough to provide at least
the recornrnended rninirnurn nurnber of range updates prior to each

rnaneuver.

In the autornatic RR updating rnode, range updates will be ap-

proxirnately 2 rninutes apart. During the updating period, the radar
shaft and trunnion angles should be rnaintained at about 5 degrees or
less and the vehicle rates should be kept reasonably low (0.1 to 0. 3

deg/sec). 'When the shaft or trunnion angle rnagnitude exceeds 11.25 deg

the radar data transrnitted frorn the PGNCS downlink will not be

accepted.

Z, Procedure

The following steps are to be perforrned for RR update:

Step I Enter 417+10000

This cornrnand initialízee the radar filter

IN THE AUTOMATIC RR MODE, THE LGC MUST BE IN A PROGRAM WHICH
PROVIDES RADAR DATA TO THE AGS ON THE RENDEZVOUS AND PRE-THRUST
DOWNLIST AND ALSO THE TELEMETRY MUST BE IN THE HI.BIT RATE MODE.
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IF IT IS NECESSARY TO COMPLETE AN AUTOMATIC UPDATING SEQUENCE
WITH MANUAL UPDATES DUE TO AN INTERRUPTION OF N,qOÀN OATÃ FROM
THE PGNCS,4ll+00000 SHOULD BE ENTERED pRtOR TO BEG¡ññlñö
MANUAL UPDATES TO PREVENT A CONFLICT grrÚr¡Ñ M¡ÑUII ¡ÑO AUTO-
MATIC RADAR DATA IN THE EVENT THE PGNCS NrSÚ¡NrS S¡N-OIÑO NAONN
DATA DURING A MANUAL UPDATE.

Step 2 Enter 4tI+10000
This is the cornrnand to enter the autornatic
RR update rnode

Step 3 Enter 41 1+00000

This is the cornrnand to terrninate
the autornatic RR update rnode

I8.2 Procedure for Manual RR Updating

1. General

The radar updating periods using the rnanual rnode should be long
enough to provide at least the recornrnended rninirnurn nurnber of range
updates príor to each rnaneuver. The tirne between range updates should
be rnaintained relatively constant in any particular updating seguence,

and should be between 2 and 6 rninutes. It is desirable that the total
tirne interval between the first and last range entry in a given sequence

be as large as possible, in order to take advantage of the changing geornetry.

As an aid to rendezvous radar acquisition, enter tt,e Z-body axis
steering rnode (DEDA Entry 400+20000) and orient ti.:.e Z-body axis
toward the estirnated direction of the CSM (DEDA Entry 507+00000).

axis to the desired direction. After the desired pointing direction is
achieved, the MODE CONT is set to A/H.

Z. Procedure

The following steps, required for radar data entryt ãre to be

perforrned when the rendezvous radar is locked on to the CSM:

. Radar Range Data

Step 1 Insert on the DEDA (but do not enter)
415+10000
This is the cornrnand to rrstore tll.e Z-axís
direction cosines. rl
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Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Set DEADBAND to rrMINrr position.

Using the Attitude Controller, rotate the
vehicle rnanually in order to nuIl the
rendezvous radar girnbal angles (as
observed on the rendezvous radar girnbal
display). 'When the stick is rnoved out
of the detent position, the AGS enters the
follow-up subrnode and zero attitude errors
are output. When the stick returns to
detent, attitude hold is re-entered.

At girnbal angle nul1, depress the 'rENTR|r
button on the DEDA and note radar range
on the Rendezvous Radar Range Display.

lf it is felt that the radar girnbal angles
were not zeroed when the DEDA rrENTRrr

button was depressed (Step 4), the process
should be repeated beginning with Step 1.

At this tirne in the filtering process, no
external data has been irrevocably placed in
the AEA. The above steps rnay be repeated
any nurnber of tirnes (at any frequency) until
the radar girnbal angles are zeroed when
the DEDA rrENTRrr button is depressed
(with Entry 415+ 10000).

Attitude controller can be returned to
detent at which tirne AGS goes into
rrAttitude Hold. I'

Via DEDA Address 316 (quantized at 0.01
n. rni. ,F), enter the recorded value of radar
range. This should be accornplished within
30 seconds of Step 4. At this tirne, the radar
data is irrevocably entered into the AEA.

Step 8 Set DEADBAND to rrMAX" position.

BECAUSE OF TECHNIQUES USED TO CODE THE
RADAR FILTER IN THE AEA, ENTRIES SHOULD
NOT BE MADE IN DEDA ADDRESS 415 FOR AT
LEAST FOUR SECONDS AFTER A RANGE OR
RANGE RATE ENTRY HAS BEEN MADE.

{,At short range, the radar range display is in
range rnust be converted to n. rni. by dividing

units of feet, so that
by 6000 prior to

entering via DEDA.
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. Radar Range Rate Data

The following steps are required for radar range rate

entries into the AEA:

Step I DEADBAND is in rrMAX'r position.

Step 2 Insert on DEDA (but do not enter)
415+10000.
This is the cornrnand to rrStore Z'axís
direction cosines.rr However, no
speciaL orientation of the spacecraft
is necessary; all that is required is
that the rendezvous radar be locked-
on to the CSM beacon.

Step 3 At any convenient tirne, depress rrENTRrr

on the DEDA and note radar range rate
on the Rendezvous Radar Range Rate
Display.

Via DEDA Address 503 (quantized at
0.1 fps) enter the noted value of radar range
rate. This should be accornplished as
soon as possible and within 30 seconds
of Step 3. At this tirne, the range rate
is irrevocably entered into the AEA*
( Range rate rnust be entered with the
correct sign, i. e. , negative for closing)

Step 4

Step 5 If it is decided not to use the range rate
reading after t}.e 415 entry is rnade, begin
the procedures over with a new 415 entry
when the new desired range rate is present.

IT IS NOT NECESSARY THAT THE
RADAR GIMBAL ANGLES BE ZERO
FOR THE RADAR RANGE RATE ENTRY
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19. O LUNAR SURT'ACE OPERATICI\IS

This section presents the procedures to be utilized on the lunar
surface.

ß.1 Operations Prior to AEA Shutdown

Ð lrnrnediately after touchdown, enter DEDA Address 413+10000
(any other entry in Address 413 is just as valid). This
cornrnand sets the lunar surface flag and stores the lunar
azirnuth of the LM. Setting the lunar surface flag is
rnandato for LM v1 ion initialízation on the lunar
slt ace.

Z\ tr'or TZ Aborts, /,. perforrn the following steps:

a) Enter DEDA 400+40000 to obtain a lunar align
(rernain in Lunar Align for at least 30 seconds)

b) Enter DEDA 414+20000 to initialize the LM state.
Verify cornpletion of the initiatization via DEDA
readout of *00000 for Address 414. *,1.

3) If the PGNCS is operating (T3,trr{< or later aborts),
the following steps:

perfo rrn

a) After the PGNCS is fine aligned (approxirnately Z0
rninutes after touchdown) reinitialize LM and CSM
state vectors via downlink (see Section 15. l). This
m.ay send the CDU zero signal to the AEA.

b) Verify cornpletion of initialization via DEDA readout
of +00000 on DEDA Addres s 4I4.

c) Enter DEDA Address 400+30000 to obtain an AGS-to-
PGNCS align.

If no Abort, proceed with the following steps:

>kTZ Aborts occur at approxirnately touchdown plus 9 rninutes.

'F*Step b) should be perforrned only if the pre-PDI procedures in Section
15. 5 were perforrned or if the following DEDA entries were rnade prior
to entering 414+20000.

. CZ4O+RRRRRE (Set lJl = RLS)

. Cz54+xxxxxE ( Set 1J7 = TZ TIG) I
I

. cz6l+yyyyyE (set IJ5 = 15,z sin ( i))

. CZ|Z-ZZZZZE ( Set 1J6 = -15. 2 cos ( i))
where i is the angle between the ,A'GS Z-inertial axis and the lunar
equatorial plane rrì.easured in the Y-Z- inertial plane clockwise frorn the
westerly direction to the AGS Z-axis.

)k>k)itT3 Aborts occur at approxirnatel¡r touchdown plus 1 CSM revolution
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4) ff the CDU zero signal \Mas not sent to the AEA (Step 2b)
go to Step 5. If the CDU zero signal was sentr perforrn
the following steps:

a) At least 30 seconds after step 2b) enter DEDAaddress
400 + 30000. This entry is for an AGS-to-PGNCS align.

b) Enter DEDA address 413 + 10000 to store the lunar
azirnuth of the LM. This step stores the irnproved
azirnuth available as a result of the AGS-to-PGNCS
align.

5) Pull out ABA circuit breaker. This rernoves zg vDC
power from the AEA.

6) Set AGS status switch t.o OFF.

7) Pull out the AGS circuit breaker. This removes
175 V, 400 CPS power frorn the AEA.

DO NOT PULL OUT THE ASA CIRCUIT BREAKER.

THE BREAKER SUPPLIES HEATER POWER TO THE

ASA SENSORS WHOSE TEMPERATURE MUST BE

MAINTAINED DURING LUNAR STAY.

In this status, all inforrnation in the computer is saved for use

when the systern is again turned on.

19.Z Operations Prior to Lunar Liftoff

In sufficient time (greater than 30 minutes) prior to lunar liftoff, the
following steps should be performed:

1) Set AGS status switch to STANDBY.

Z) Close AEA circui! breaker. This applies 28 VDC
power to the AEA.

3) After 25 minutes in standby, close the AGS circuit
breaker.

4) Set AGS status switch to "OPERATETT. AGS flight pro-
gram is entered with the pre-shutdown parameters re-
tained. W'hen first entering the OPERATE status,
address 400 and 470 are autornatically set to + 00000
(See Section 7.0). The address 410 entry of + 00000
selects the orbit insertion routine. Because the lunar

L9-2



surface signal is set, the AGS outputs zero attitude
control signals when Guidance Control is in AGS and
Mode ControL in AUTO. If Guidance Control is in
PGNS and Mode Control in ATT HOLD, the AGS will
also output zero attilude control signals. If Guidance
Control is in PGNS and Mode Control in AUTO, the
AGS will issue zeto attih¡de error signals since address
400 is + 00000. If Guidance Control ís in AGS and
Mode Control in ATT HOLD, the AGS will atternpt
to reestablish the LM attitude with continued,
fruitless RCS thrusting. AGS is in follow-up if
the Guidance Control switch is in the PGNS posi-
tion and outputs Engine OFF cornrnands.

The system is now in operating condition. A series of checks
should be made to verify the readiness of the AGS.

5) Checks of Computer Readiness

,{ check of computer readiness should be made according
to the procedures of Section 14. I.

6) AGS Computer Time Initialization

AGS computer time should be initialized according to the
procedures of Section 14.2.

7) Obtain nominal liftoff time from MSI'N and set events
timer appropriately.

8) If the PGNCS is operative, go to step 9. If not, proceed
to step 12.

9) CSM, LM Navigation Initialization

Perform CSM, LM navigation update via PGNCS downlink
(section f 5. 1). This procedure should occur within 0.5
hour of nominal liftoff time.

10) AGS to PGNCS Align

1\t least 30 seconds after the completion of step 9, perform a

AGS to PGNCS align according to the procedures of Section 16. L.

rt)

LZl.

Proceed to step 14.

Align

Perform either Lunar Align or Body Axis align according
to the procedures of Section 16. Z.
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13) LM, CSM Navigation Update

During Lunar Align or after Body Axis Align, perform
LM and CSM navigation update via DEDA according to the
procedures of Section I5.0.

14\ Lunar Surface Gyro Calibration

Perform Lunar surface gyro calibration according to the
procedures of Section 17.0.

15) During step 14, enter targeting pararneters for Orbit
Insertion per Section 22. O. If so desired, CSI targeting
pararneters can also be entered at this tirne.

16) If PGNCS is operative, proceed to step 18. If not, perform
step 17.

In After gyro calibration is completed enter DEDA address
400 + 40000 to return to lunar align mode.

18) Enter appropriate octal values into DEDA addresses 514,
515 and 516 if. during orbit insertion the vehicle is to yaw
to rnaintain S-band cornrnunication. These values rnust
be obtained frorn Mission Control. Also enter 623 + 10000.
If no yaw rnaneuver is required, i. e. , if the Z-body axis is
to be parallel to the CSM orbit plane, then DEDA address
623 should be set or verified at the value + 00000.

19) Verify DED.A' address 410 + 00000 for orbit insertion
mode.

Z0) If AGS is to be used for I'orbit insertion, I'verify that the
Guidance Control Switch is in AGS position and the AGS
Mode Control Switch is in AUTO.

zr) Enter address 400 + 10000 within *4 rninutes of the
nominal lift off time. If lunar align was used, it is
completed at this time.

ZZI At liftoff time depress the 'tAbort Stage'r button. This
automatically initializes the staging sequeince and fires
the ascent engine.
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ZO. O ENGINE IGNITION

This section describes the AGS procedures to follow for turning
on the engine(s) in coasting flight or on the lunar surface, when the AGS

actively controls the LM. AGS control during the abort staging sequence

is also described.

20. I Thrust Direction Assurnptions

The AEA assurrres that translational thrust is applied in certain
norninal directions. The APS cant angle data previously input via the
DEDA to cornpensate for canted thrust direction has been deleted in FP8.

Engine

DPS

Direction of Thrust Assurned by AEA

*X- Body Axis Direction

APS *X- Body Axis Direction

RCS
*X, *Y, +Z RCS Translation Engines

are Assurned to Thrust Along the
+X, +Y, *Z-Body Axes, Respectively

DPS or APS rnisalignrnents of less t}.an 2 degrees with respect to the
assurned thrust directions result in lateral cutoff velocity errors of
less than 3 fps. This type of error is sensed by the navigation
equations and consequently can be rernoved by purforrning a

AV trirn rrraneuver using axis-by-axis RCS thrusting (See Section
zB.0).
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2,0.2 Required Control Panel and DEDA Selections for Engine
Ignition (AGS Control)

The above conditions are sufficient

t) for tJ:e AGS to assume control and. orient the LM in accord.
with the selected guidance routine.

Z') to arm the appropriate engine.

In order to effect DPS or APS engine ON; however, additional conditions
rnust be met.

20.3 Velocity-to-be-Gained Checks

For the Engine ON discrete signal to be issued to the CES by the
guidance equations, at least one of the two fol lowing conditions rnust be

s atisfie d.

Necessary Conditions for the AEA to Generate arl Engine ON Signal

Condition Control Position Remarks

I Guidance Control AGS RÞmoves follow-up sig-
nal to AGS.

2 Mode Control Auto Transrnits Auto dis -
crete to AGS. Removes
AGS frorn A/U.

3, a

b

Abort

Abort Stage

Depres sed Enables Engine
oN.
a. Abort arrns the

DPS

b. Abort Stage arrns
t.Le APS

4 DEDA Entry Enter
400 + 10000

Enables Engine ON and
Guidance Steeríng
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The rnagnitude of the velocity-to-be-gained
vector, as cornputed in the AEA, rnust exceed
70 fps. (constant 4K?6)

Condition 5.
AV Magnitude

Condition 6.
X- Body Axis
Component of
av.

The component (sign and rnagnitude) of the
velocity-to-be - gained ve ctor (positive
in the direction of the * X-body axis) rnust
exceed the engine tail-off AV value (set to
3.40 fps for Apollo 14). This cornponent
of velocity-to-be-gained is the projection
of the velocity-to-be-gained vector on the
X-body axis.

The velocity-to-be-gained vector is cornputed by the selected guid-

ance routine. Any guidance routjne (address 4I0) other than TPI search

(DEDA entry 410 + 30000) rnay be selected. The TPI search routine

should be restricted to planning tJre TPI maneuver (per Section 2.5.O1

because the cornputed rendezvous point is not fixed in inertial space.

Flowever, engine ignition should only be cornrnanded when in the orbit inser-
tion guidance routine (DEDA entry 410 + 00000) or the external AV guidance

routine (DEDA entry 410 + 50000).

20.4 Ullage for DPS or APS lgnition

Before rnain engine ignition, the AGS rnust sense ullage. Ullage
rnust be supplied rnanually with the Thrust/Translation Controller AssernbLy

or by depressing the *X Translation button until rnain engine ignition. The

precise condition governing the AEA recognition of successful ullage is
given as follows:

Condition 7.
Ullage
Recognition

ïhe AEA recognizes ullage if and only if the
sensed velocity change per two second com-
pute cycle equals or exceeds 0,2 fps in the
* X-body a;<is direction for 1K9 consecutive
compute cycles.

If the sensed velocity increment drops below 0.2 fps in a two second

cornpute cyc1e, the engine OI'tr. cornrnand will be issued. Before the

engine can be reignited, the ullage recognition condition rnust again be

e stablis hed.
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During the pov/ered flight abort staging sequence, the sensed velocity
accurnulated over any two second period will be well above 0.? fps; hence

ullage is rnaintained and the AEA generates tJre engine ON signal without
interruption.

In order to prevent 1) a prernature engine shutdown (during a critical
phase) due to a rrìoÍlentary loss of ullage or 2l a delay in APS ignition
during abort, NASA/MSC has recommended (Reference 5) that the uLlage

connter limit (1K9) be set to 0 (DEDA Entry 6t6 + 00000) aÍter the start
of powered descent. The ullage counter should be reset to 61,6 + 00007

(equivalent to 7 - Z sec cycles) after orbit insertion has been completed.

It can be seen that the tirne duration required to generate ABA
ullage recognitionrwhen 1K9 is set equal to 7 cornpute cycles, can vary
between slightly over 12 seconds up to slightly over 14 seconds. The exacf
time duration depends upon when in the cornpute cycle uL1age is initiated
and to a lesser extent upon the thrust acceleration leve1.

20.5 Sufficient Conditions for DPS or APS Ignition

The logical product of the seven conditions described above is
sufficient to generate the AGS engine ON signal. Note that the chosen

engine rnust be arrned. Explicitly:

To ignite the DPS, combined conditions I, Z, 3a, 4,5 and/or
6, 7 are sufficient.

To ignite the APS, cornbined conditions l, Z, 3b, 4, 5 and/or
6, 7 are sufficient.

20.6 DPS Variable Thrust

The AGS will perform guidance properly for any DPS thrust leve1

selection with the exception that in the Orbit I:sertion routine

t) sufficient thrust is required to overcorne the net effect of
. gravity and centrifugal accelerations

2) thrust leveI changes should be avoided, if possible, partic-
ularly when near guidance engine cut-off (see SectionZ2l.
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20.7 RCS Translation ; AGS Ste ering Control

RCS translation can be employed with full AGS steering control.

a) Establish conditions I, 2 and 4 in sufficient time for the
LM to orient to the desired thrust attitude.

Condition Control Position

I

2

4

Guidance Control

Mode Control

DEDA address 400

AGS

Auto

Entry +10000

gX for read-out. (DEDA Address

c) Set the ATT/Translation switch to the desired nurnber of
jet.s (2 or 4).

d) At the maneuver tirne utiLize the Thrust/ Translation Con-
troller to perform the rnaneuver. Null out the DEDA reading
by rnoving the Thrust/ Translation Controller up.

b) Select DEDA quantity AV
500) .

e) When the AVn¡ becornes less than 15 fps, set the MODE
CONT TO ATH.

f) \,V'hen AV--- = 0, irnrnediately reduce the thrust to zero.'gx
20.8 Lunar Surface Liftoff

Ullage is automatically generated on the lunar surface. Switch
settings are

Gtridance Control to 'iAGS'l

Mode Control in rrAutort

,A.GS Submode Selector must be

Address 400 Entry +10000 (Guidance)

AEA Guidance Routine must be

Address 410 Entry +00000 (Orbit Insertion)
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On the lunar surface, the orbit insertion guidance routine generates

a large value of velocity-to-be-gained.

Depress the Abort Stage button. The AGS issues the E/ON command

igniting the APS engine and ascent to orbit insertion follows.

20.9 Manual Ensine Operation

In the event that a rnain engine is ignited rnanually by depression of
the Engine Start button, then it can only be extinguished by depressing the
Engine Stop button unless fuel depletion or staging occurs first. Activa-
tion of either of these two pushbuttons, as indicated by a red light in the
button, will result in the AGS engine cornrnands being inhibited frorn rnain
engine control.

THE AGS WILL NOT TERMINATE

A MAIN ENGINE BURN IF THE

ENGINE WAS IGNITED BY DE-

PRESSION OF THE ENGINE START

BUTTON.

In the event that a rnain engine was ignited rnanually, the flight
crew can rnonitor AV*Xvia DEDA (address 500) quanitized at 0. I fps
lunar rnission or L fps for earth rnissions and depress the Engine Stop

button when AV^ (The Engine -Stop button will functiongX t" near zeto'
if the Abort Stage button is not set. )

20. I0 Satisfaction of Ullage Condition Due to Angular Accelerations

The rnaxirnurn distance between the ASA and the LM center of gravity
is approxirnately 10 ft in the *X-body axis direction and 5 ft in the *7,-body
axis direction. There is effectively no displacernent in the Y direction.
Because the ASA is offset in the Z d,fuectíon the possibility of angular
accelerations about the pitch axis causing the ullage condition to be satis-
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fied exists. The required angular accereration is slighily greater
than I deg/su.z 

"r,.d 
rnust exist for a rninirnurn of lK9 consecutive

2- second cornpute cycles.

IF ALL COND¡TIONS FOR ENGINE IGNITION EXCEPT

THE ULLAGE COND|T|ON ARE SAT|SF|ED (SEE SECTTON

20.5) AND THE LM tS TO BE REOR¡ENTED THROUGH A
LARGE ANGLE UNDER AGS CONTROL, THEN THE

ABORT OR ABORT STAGE BUTTON MUST NOT BE DE-

PRESSED UNTIL LM REORIENTATION HAS OCCURRED

tN oRDER TO AVOTD SENDTNG THE E/ON COMMAND.
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ZT. O THRUST TERMINATTON

In this section procedures for terrninating þrusting rnaneuvers are
presented and discussed. It should be noted for all thrusting rnaneuvers
that the desired thrust direction becomes fixed in inertial space when
the velocity-to-be-gained is less than 15 fps (DEDA accessibte constant
5K261 and ullage has been detected during the current 2 sec cornputing

cycle. The desired thrust direction is fixed in order to avoid large
attitude variations by the LM to achieve small velocity cutoff errors (as

velocity-to-be-gained goes to zero).

2I.7 .A.PS or DPS Engines

Termination of main engine thrust by the ,A.GS is a wholly automatic
process that occurs when the Engine OFF command is sent to the CES,
provided the engine was not turned on manually (by depression of the
Engine Start button). 1/ith the AGS in controt the Engine OFF command
will be generated under any of the following conditions:

1) Velocity-to-be-gained magnitude < 4K26 fps and the
component of the velocity-to-be-gained vector resolved
along the *X-body axis s 4KZ5 fps (APS tail-off AV value).

2l Loss of ullage recognition (less than 0.2 fps sensed
velocity in a two second computer cycle).

3) Address 400 does not contain the value +10000.

An AGS guidance (engine) cut-off is initiated by 1) above; at the

sarne tirne address 400 is autornaticaLly set to +00000, attitude hold.
If Engine OI'F cornrnand is due to condition 2), address 400 rernains
unchanged.

?L. ?, Follow-up and Attitude Hold

If the Guidance Control Switch is in trPGNS,rr the AGS will continue
to follow up the engíne operation cornrnands.

If the Mode Control is switched to trA/Hrr during AGS controlled
powered flight, the AGS will hold LM attitude. Engine ON will continue
because the AEA is in an engine follow-up rnode. The flight cïe\Ã/ can
assutne rna¡ruaL attitude control, with continued engine operation, by rnov-
ing the Attitude Controller (hand controL) out of the detent (AGS will

)
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transrnit zero steering signals at this time). Thrust will not ter-
rninate unless accornplished rnanually. Upon returning the Attitude
Controller to the detent position a¡rd switching the Mode Control back to
rrAutorr, the AGS will resurne guidance control and terrninate thrust when

the velocity-to-be-gained conditions for engine cut-off are rnet.

ZI.3 RCS Engines

The following procedure applies to each axis individually if axis by

axis translation is being perforrned (LM in attitude hold - see Section ZB)

or to the X-body axis if AGS steering is being ernployed (Section ?,0.71.

l) Monitor via the DEDA the velocity-to-be-gained in
the appropriate thrust direction, i. e. ,

Quantity DEDA Address Units
DEDA Least Significant Digit

Lunar Mission Earth Mission

AV gX

AV gY

AV gZ

500

501

502

fps

fps

fps

0 I

0 I

0.r

I.0

I.0

I 0

These quantities are cornputed every 40 rnsec and updated
on the DEDA display every I l2 sec.

Z) Terrninate thrust rnanually wíth the thrust/translation
controller when velocity-to-be-gained (along the
appropriate axis) equals zero.

3) Çautionary Note on RCS Thrtrsting with AGS Steeri.ng

At AGS controlled rnain engine cut-off, the LM is placed
in Attitude hold at the tirne the Engine ON cornrnand is
changed to an Engine OFI' cornrnand. With RCS X axis
thrusting, the sarne logic will switchthe AGS to attitude hold
(address 400 is switched to +00000) when AVgX s 4K25 fps
only if the RCS burn has continued long enou$h (greater than
l,K9 Z-sec intervals) for the u1lage recognition signal to be
generated in the AEA. Otherwise address 400 will
rernain + I 0000 ( guidance steering).

If the burn is too short for ullage recognition, or if thrusting
along t?Ie z body axis with Ssoz = 1' then after the terrnination
of thlust the AGS will orient-t"tre LM along the direction of the
resid.ual AV vector. Since this could be any direction, the
LM would probably begin an atLitude maneuver at the rnaxi-
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t)

rnr¡.rrr allowable rate (up to 10 deg/sec pitch rotation, 5 d,eg/
sec yaw and ro11 axes rotation) to align the *X-body along
the residual AV vector.

Before presenting a procedure for preventing post-burnout rotations
subsequent to short RCS X -axis burns, another aspect of the guidance steering
will be reviewed. As rnentioned in Section 2. l, when the velocity-to-be-
gained is less than l5 fps and the sensed thrust acceleration level in the
* X-body axis direction is greater than 0. I fpsz, the AEA will cease

updating the cornputation of tJre desired thrust direction. Hence if the

velocity-to-be-gained during the RCS burn is to be less than l5 fps, it can
be seen that once the burn cofilrnences the AEA would norrnally adhere to
a fixed desired thrust direction.

The above discussion leads to the following procedure for perforrn-
ing RCS burns of less than 15 fps rnagnitude when AGS steering is
ernpl-oyed prior to the ûraneu.ver to orient the LM X -body axis in the
desired thrust direction.

1) Orient to the desired thrust direction

a) Guidance Control rI.AGS'

b) Mode Control'r,{utorl

c) Verify DEDA entry 400 + I0000 (Guidance Steering
Submode)

2l Monitor oVgX via DEDA

Read address 500

3) Immediately preceding the maneuver (within 10 seconds)

Set Mode Control to A/H

4) Perforrn the rnaneuver with Thrust/ Translation Con-
troller Assernbly (not necessary to depress Engine
Stop button)

5) Terrnínate RCS thrusting when AV.,* = 0.
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rf the option to perforrn a z-body axis RCs burn with the z body
oriented in the desired thrust direction is chosen (DEDA Address 400
+20000, DEDA Address 507 +10000) it is necessary to set the Mode Control
Switch to A/Hwhen the velocity-to-be-gained along t]ne Z-body axis (DEDA
Address 502) is less than 15 ft/sec. This procedure will elirninate un-
desired vehicle rotation after thrust terrnination.

o

2I-4



22.0 onB
tÏ n¡sE

R
iloil



PART IV - PROCEDURES T'OR MANEUVERS

ZZ. O ORBIT INSERTION

ZZ. L Procedures for Using Orbit Insertion Routine

1) Initial Guidance and Control Configuration

PGNCS in Control

a) Guidance Control in rrPGNSrl

b) DEDA: Enter Guidance
Steering

Address: 400
Entry: + 10000

c) Other PGNCS control as
required

AGS in Control

a) Guidance Control in rrAGS'r

b) Mode Control in ''A/Hrr

c) DEDA: Enter Guidance
Steering

Address: 400
Entry: + 10000

z) AGS: Select Orbit Insertion Routine

DEDA Address 410 EntrY +00000

>k

3) AGS TA r setins

Parameter

Inj ectio n
Altitude
Injection
Altitude Rate
Lower Limit (23J )

Semi-Major Axis
Targeting Term (7J)

l/¿ the lower ìimit
on Apolune Radius ( 8J )

Retargeted value for
7J (loJ)
Retargeted value for
4K1o (1lJ)
Threshold Phase
Angle ( 1ZJ )

Constant in the linear
expression for c, (4K10)

T
rg

Address Entry R ema rks

z3z

465

z24

'))É

zz6

õ(5

305

662

5t5

DEDA least significant
digit 100 ft, lunar mission
DEDA least significant
digit 0. I fps, lunar mission

DEDA least significant
digit 100 ft, lunar mission
DEDA least significant
digit 100 ft, lunar mission

DEDA quantization
100 ft lunar mis s ion

820 (octal)

0.01 degree

BZ0 ( octai )

Input present time (377R )
to configure AGS for
External AV trim of
insertion residuals.

See SectiorLs ZZ.9 and 22. IO.
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In particular, the constants ZJ, 4KlO, and 1ZJ should be checked in
flight since the flight prograrn has the capability to change thern under cer-
tain conditions.

4) AGS Yaw Stee Se le ction

a) If. Z body axis is to be oriented paralleL to the CSM
orbit plane verify or enter 623 +00000.

b) If. Z body axis is to be oriented parallel to a speci-
fied pLane enter 62Z +10000 and verify or select
the plane with DEDA entrie s

5) Establish Guidance Systern ControL tr'or Maneuver

PGNCS in ControL

a) Mode Control to rrAutorr
Perforrn norrnal PGNCS
functions

AGS in Control

a) Mode Control to rrAutorr
(LM now orients to
desired thrust attitude)

b) To abort, depress Abort

b) Initiate and Cornplete
Selected Thrust Sequence
(See Section 20).
Balance Couple Switch
as Desired.t"

or Abort Stage Button

For liftoff frorn the lunar surface, it is recornrnended that the Balance
Couple switch be on frorn liftoff until the pitch over maneuver is cornpleted
at approxirnately 18 seconds.

Addre s s OctaL Scaling De scription

574

515

576

Bi.

Bi.

Bi.

X cornponent of unit vector
norrnal to specified plane

Y cornponent of unit vector
norrnal to specified plane

Z cornponent of unit vector
norrnal to specified plane
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c) To
iT)-

Switch-over to AGS -
Guidance Control
to I'AGSrr.

(ii) Verify Abort or
Abort Stage.

c) TRIM Burnout Residual.
At engine cut-off, the
systern enters attitude
hold. If desired, at this
tirne the balance couple
switch can be set or
verified ON and the
residual burn velocities
rernoved (See Section 28.0).

)

6) After Maneuver

a) Balance Couple Switch ON

b) Deadband Switch to MAX

c) Establish Desired Guidance and Control Configuration
for Coasting Flight

ZZ. Z Altitude date Durins Powe red Descent

AN ALTITUDE UPDATE SHOULD BE DONE TO INSURE

SAFE PERICYNTHION DURING AN AGS CONTROLLED
ORBIT INSERTION.

The capability exists for the astronaut to manually update the mag-
nitude of the AGS computed LM inertial radius vector during powered.
descent. ThÍs is accomplished by the astronaut entering valid altitude in-
forrnation frorn the altitude tape rneter or any other available rneans into
DEDA address 223 (DEDA least significant digit, 100 ft lunar missions. )
The altitude update (zero is not a valid update) can be done anytim.e during
powered descent. The altitude update is im.plem.ented. by first entering the
desired altitude in the DEDA address ZZ3; when the altitude (as indicated
by the altitude tape m.eter)becomes equal to the desired. altitude, the ENTER
button is depress.ed and the LM position vector is norm.alized to the desired
altitude.

ZZ.3 Discussion

The rrorbit insertionrr guidance rnod.e has been designed to drive the
LM vehicle to a prescribed altitude above the rnoon with a specified value
of altitude rate and a com.puted orbit apocynthion based upon the current
LM-CSM Phase angle. In addition, steering in this mode is such that the
LM is driven into the CSM orbit plane with an out of CSM orbit plane velo-
city cornponent of zero.
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Each steering channel (Y and Z) is a two degree of freedom loop,

steering for desired position and desired velocíty at engine cutoff.

The equations have been designed to rnaintain the derivative of acceleration
(radial and out-of -plane) constant. By lirniting the aLlowabLe range of the

derivative of acceleration the desired turning rate of the LM is also

lirnited. This has the effect that as the velocity-to-be-gained decreases

the systeñl concentrates rnore and rnore on attaining the targeted velocity
conditions rather than the insertion position conditions. The derivative
of radial acceleration is so lirnited that the AGS will never allow the LM
to steer downward to a norninally targeted altitude below the LM altitude
(it can steer down to obtain desired velocity cutoff conditions). Whenever
the derivatives of acceleration reach their lirnits the LM rnay not attain
the targeted position at engine cutofJ.

As nom,inaLly targeted, an out-of-CSM plane error of 0.5o can be

rem.oved for an abort frorn the lunar surface, If the abort occurs later
in powered ascent or in the powered descent, less dispersion will be

rernoved.. In the event there is m.ore than 0.50 out-of-CSM plane error,
the orbit insertion rnode will remove 0. 5o and the remainder can be

rernoved with the CSI, PCI, CDH and TPI ñraneuvers. The prograrn is
norrnally set up this way because of the fuel efficiency achieved. The

am.ount of out-of-plane errors rernoved in orbit insertion can be varied
by changing DEDA accessible constants 5K16 (DEDA address 561) and

5KL7 (DEDA Address 611). I

In som.e off-norninal abort situations it rnay not be possible to
achieve the desired orbital altitude n"ror to achieving desired velocity
cutoff conditions. In these situations a new value of desired radial rate
is com.puted in the AEA based upon the predicted burnout altitude. A plot
of the function of this desired radial rate is shown in tr'igure ZZ, t. If
desired, the pararneters of this function can be changed by DEDA entry
of the constants 4K4, 4iK5, 4iK6 (DEDA Addresses 552, ZZ7,527 respec- |
tively). The purpose of cornputing altitude rate in this rnanner is to
ensure that if cutoff altitude is low the LM will be on a rising trajectory.
At a later tirne when ascending through 60 K feet altitude, an appropriate
srnalL AV addition can be rnade to the orbit to insure a safe periclmthion
by again using the Orbit Insertion routine.
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ZZ.4 Abort in Very Early Powered Descent (Lunar Mission)

Powered descent is initiated under PGNCS control. The LM thrust
vector is oriented essentially opposite to the inertial velocity vector. LM
velocity is initially lower than the Orbit Insertion targeted velocity, thus
the Orbit Insertion velocity-to-be-gained vector points essentially in the
rninus X-body axis direction (AVgX is negative).

Vfith 4KZ6 set to 70 fps (engine cutoff criteria for AVO when AVgX
is negative), the probability of an autornatic cutoff due to thrust vector
rnisorientation is srnall. The following options are available for
cornpleting the Orbit Insertion portion of the abort:

a) The DPS rnay be rnanually shut down. After the vehicle sta-
bilizes in the desired thrust direction, the DPS thrust lever
is set for engine ignition and ullage is executed. After DPS
ignition, the throttle should be advanced to 50To or greater
to cornplete the Orbit Insertion rnaneuver.

b) The DPS rnay be allowed to thrust at low acceLerafion (10%)
while the vehicle is rotatíng. Once the vehicle thrust vector
is oriented approxirnately in the desired direction the
throttle should be advanced to 50Tt or greater. It will shut
down after the Orbit Insertion trl.aneuver is cornpleted.
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c) If the DPS has failed, the vehicle should be staged, oriented
to the desired thrust direction and the insertion cornpleted
on the APS.

For aborts throughout powered descent the basic policy in regard to
throttling the descent engine for ,A.GS is as follows:

a) TJse rnaxirnurn thrust until altitude rate is positive. tf the
vehicle is not oriented in the desired thrusi direction at thetime of abort allow the vehicle to orient to the desired
direction while rnaintaining the throttle setting that existed
at the tirne of abort. After reorientation incrãase thethrottle setting to obtain rnaxirnurn thrust. rf the possibility
of lunar irnpact exists, rnaxirnurn thrust should be- corn-
rnanded as soon as the thrust axis orients above the localhorizontal.

b) After a positive altitude rate is achieved red.uce the throttre
setting to obtain 50% thrust. This setting has been chosedto rninirnize the transient when staging oã.urs and to assuresufficient thrust to overcorne gravity.-

22.5 Switch-Over to AGS in Verv Late Powered Ascent
Consider that the switch-over frorn the PGNCS to the AGS is delayed

until the targeted velocity rnagnitude is achieved (5530 fps). Also,
consider that the actuaL trajectory is quite perturbed and that the AGS
sensed altitude rate (or cross-pLane velocity) is ltrore than +100 fps with
respect to the targeted cut-off conditions. It can be seen that the LM v¡ill
overshoot the desired cut:-off velocity and begin a rotation to reverse its
thrust direction wíthout shutting off the engine. It is conceivable that
APS propellant couLd be exhausted before the targeted orbit insertion
conditions are achieved.

ïn essence, if the LM is not Íon courseil, the velocity-to-be-gained
vector will swing very rapidly as orbital speed is approached. The flight
crew should initiate a switch-over early enough before reaching the speed
of 5530 fps so that large attitude rates, prohibited by the cES, are not
necessary to acquire the proper powered fT.ight trajectory.
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If the very late switch-over cannot be avoided, and the inertial
velocity surpasses 5530 fps without engine cut-off, terminate APS

thrusting. The AGS will rotate and stabilize the LM attitude in the proper

orientation to continue the orbit insertion maneuver. Then, cornplete

the rnaneuver with RCS thrusting (rnonitoring AVgX which goes to zero)

or reset the Abort Stage button, allowing APS ignition, manually corrr-

rnence ullage, receive an AGS On cornrnand, and cornplete the rnaner^Iver

autornatically with the APS.

Notice that the basic sihration causing the events noted in?2.4 also
causes those discussed irnrnediately above. At switch-over to the AGS,

velocity-to-be-gained is srnall and the LM is pointing grossly in the wrong
direction for driving AV directly to zero. However, si-nce the LM speed

is essentially orbital, the crew can perforrn the corrective actions
discussed above without undue haste, except where vitaL propellant
expenditure is concerned.

ZZ.6 Steering

In the guidance steering selection, the LM orients so that the LM
thrust vector lies along the desired thrust vector. tr'or a discussion, see

Section I0. ?,.

ZZ.7 Pitch Profile ( Lunar Mission)

The steering equations are so designed that if the LM altitude above
the launch site is less than 25,000 feet (constartt ?LJ, DEDA address 233)

and altitude rate is less than 50 fps (constant \ZJ, DEDA addres s 464)

the vehicle will thrust in the vertical direction. After liftoff frorn the

lunar surface, 50 fps altitude rate is exceeded at approximately 12 seconds.

At this tirne, the norrnal pitch steering profile begins (pitch-over).

In the orbit insertion routine, the LM cornrnanded attitude depends
upon the thrust acceleration level. During DpS operations, once the
vertical thrusting phase is executed, the thrust control lever should be
set and then left alone until cutoff or staging occurs. The Orbit Insertion
routine assullì.es a constant propellant flow rate in the cornputation of
tirne -to-go-to-m-aneuver cornpletion. Changing the thrust level setting
cause s the AGS to change the LM's pitch attitude to account for the newly
sensed value of acceleration.
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After staging, solTle change in attitude can be expected. The LM
attitude will stabilize above the horizon about 5 to l5 degrees higher,
depending on what AV rernains to be gained and the relative values of the
DPS and APS thrust level at staging.

During powered ascent (frorn the Lunar surface or abort frorn
powered descent) the thrust level should exceed by a factor of at least
two the net value of the gravitational force rninus the centrifugal force.
At very sLow speeds (near the Lunar surface) the centrifugal force is
alrnost zer.o; the thrust acceleration level shouLd exceed 10 fps2. At near
orbital speeds, the DPS thrust leveL can be less, but a safe rule of thurnb
would be to rnaintain a sensed acceLeration of at least t0 fps2.

It is irnportant to note that the Orbit Insertion routine is targeted
for variable velocity conditions at cut-off. Any post-orbit injection AV
trirn maneuver should be perforrned irnrnediately (unless the targeted
values are revised) and with sufficient thrust acceleration to achieve the
targeted values. It is recornrrrended that residuals not be nulled unless
they exceed 5 fps.

ZZ. B Plots of the AGS Ascent Trajectory

Figures 22.2 t}:to:ug}r ZZ.5 are typical plots of altitude, aLtitude
rate, out-of-plane position and out-of-plane velocity respectively for an
AGS controlled launch frorn the lunar surface. Initial out-of -CSM pLane

displacernent assurned for these plots is -?4,000 feet. Targeting conditions
for this sirnulated ru.n were 60,000 ft altitude, 19.5 fps altitude rate and
5510. Z fps horizontal velocity. At I2 seconds into the ftight t.he pitch
profile changes frorn vertical rise to noirnal pitch steering. This is
discussed in Section 22.7.
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ZZ.9 Orbit Insertion Tarsetins for a Fixed Orbit

The AGS orbit insertion targeting is designed to place the LM in an

insertion orbit which is a function of the LM-CSM phasing. This function
depends on a series of prestored constants in the AEA. If a fixed orbit is
desired, the following targeting should be used.

C305 + 200008 (Avoids retargeting on phase angle)

CZ24 + AAAAAE (Sets 7J to desired serni-rnajor axis)

C66Z + 00000E (Elirninates phase angle dependence)

The function resulting frorn the use of these constants causes surface
aborts to be targeted for a fixed semirnajor axis.

ZZ. I0 Operational Constraints on Orbit Insertion Equations

For certain choices of targeting constants and LM/CSM phasing it is
possible to encounter overflows resulting in either irnproper targeting or
irnproper navigation in the AGS. These conditions occur only at extrernely
large LM/CSM ranges and are not considered to be a serious constraint on

flight prograrn operation.

Since range is scaled at B23, any LM/CSM range having a cornponent

in excess of 8388600 feet will be invalid. Since the LM/CSM relative phase

angle (0r) used in orbit insertion targeting is cornputed frorn the range, the

orbit insertion targeting is invalid at large ranges. If the rnagnitudes of

the LM and CSM position vectors are rL and r", respectively, then the

phase angle computation is valid for

-1 r - 838860 -T r" - 8388600
-cos L

ef I cos
c "c

Since rL . 8388600 during orbit insertion always, no range overflow will
occur for angle rnagnitudes below Ç0 degrees. Typically, the range over-
flow occurs at angles of about + 115 degrees. Such large angles should only
be encountered while the LM is on the lunar surface. Since the orbit inser-
tion is retargeted on the surface to elirninate angle dependence in the guid-
ance, this constraint is not considered to be operationally significant.

r
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Another type of overflow can occur if the AGS targets for an orbit
whose apocynthion is greater tl;.an 450 nautical rniles. If r" exceeds

8388600 feet, the navigation in the AEA will overflow. With variable orbit
insertion targeting it is possible to target for such an orbit at large nega-

tive angles. The critical angle as a function of the orbit insertion constants
is given by

q, max -7JL
ef 4K10

where:
o.L rnax = t/Z (8388600 + rn)

r = pericynthion radiusp

Typically
r = 5762400 ft.' Thus usingp

crl rnax = 7075500 ft

and

Since typically 4K10 --600,000 ft/rad ând 7J - 6,000,000 ft this con-

straint yields

ef - -95 degree

Thus, for typical targeting constants and a 10-nautical mile pericyn-
thion altitude, extrerne angles between -180 and -Ç5 degrees will result in
safe orbits for which the AGS navigation will overflow near apocynthion. If
overflow occurs, the AGS can only be used for attitude reference.

^ 7075500 - 7J
"r = TTõ--
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¿2. 11 Orbit Insertion Overburn Correc tion Procedures

The following procedure is recornrnended when the PGNCS

is in control of the orbit insertion and results in a large overburn
or underburn. For a srnall overburn or underburn, the axis-by-
axis trirn procedure (Section 28.0) should be used.

1. Procedure

Step I

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Terrninate thrust rnanually

C61-6 + 00007E

Sets the ullage count to l4 seconds

c410 +50000E
Sets the guidance rnode to External AV

Set Attitude control switches
(R, P, Y) to pulse

SCt PGNCS/AGS tO AGS

Manually rnaneu.ver to Burn Attitude

Set Attitude Control to Mode Control

Perforrn Trirn Maneuver
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¿3.0 csl

?,3.I Procedures f"or Using CSI Routine

1) Initial Guidance and Control Configuration

PGNCS in Control

a) Guidance Control in IIPGNSI'

b) DEDA: Enter Guidance
Steering

Address:
Entry:

400
+l 0000

c) Other PGNCS Controls as
required.

z) AGS: Select CSI Routine

AGS in Control

a) Guidance Control in I'AGSrt

b) Mode Control in I'A/Hrt

c) DEDA: Enter Guidance
Steering

Address:
Entry:

400
+ I 0000

DEDA Address 410 Entry +10000

Note: A valid CSI solution should not be
atternpted earlier than 136 rninutes
prior to trUO.

3) CSI Targeting

Parameter Addre s s Entry Rernarks

CSI Tirne

TPI Tirne

Cotangent of
Line- of- Sight
Angle at TPI

z8J.Z

373

275

605

451 +00000

Absolute tirnt': of CSI; DEDA
least significant digit 0. I rninute
Absolute time of nominal TPI;
DEì)A least significant digit
0. I minute
Cotangent of Line-of- sight angle
to CSM. Lirnit between cot 20o
and cot 70o. Sca1ed at, F7.

Out- of-plane veloc.ity- to-be -
gained in CSI Eraneuver (not
autornaticaLly zero)
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Parameter Address Entry Remarks

Select HaIf
Orbital Period
T ransf er s
(One of these
two entries
rnust be malde)

4t6 + I 0000

+30000

Select CDH transfer at one-half
orbital period following CSI

Select CDH transfer at three-
halves orbital period following
csr

4) AGS: Yaw Steering Selection

a) Tf. Z body axis is to be oriented parallel to the CSM orbit
plane verify or enter 623 +00000.

b) ff Z body axis is to be oriented parallel to a specified plane
enter 623 +10000 and verify or select the plane with DEDA
entr Íe s

Events Tirner

a) Readout DEDA address 310 (rninutes, quantized at
0. 0l rninute), the tirne to go till the CSI rnaneuver

b) Set the events timer to this value. Begin count-
down to CSI.

Address Octal Scaling De scr iption

514

515

516

B1

B1

B1

X component of unit vector
norrnal to specified plane

Y cornponent of unit vector
normal to specified plane

Z cornponent of unit vector
norrnal to specified plane

s)
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Equation
Syrnbol

Quantization
Units Addres s DescriptionLunar

Míssion
Earth

Mis sion

V
G

ZSJL

Ar

T
AO

ef

tA

ôr

0. I

0. I

0. I

0. I

0.01

0. I

o. 1

1.0

1.0

0. I

0. I

0.01

1.0

0. I

fps

fP"

nmr

rnin

deg

fps

nmi

370

450

402

372

303

477

3L4

Total velocity- to- be- gained
magnitude in CSI maneuver
(wiIl not contain out- of-plane
velocity cornponent until
28JZ is entered. )

Downrange velocity- to - be -
gained in CSI maneuver
Differential altitude in
coelliptic orbit
Tirne frorn CSI to CDH

LM to CSM Phase Angle at
CSI timtr
LM altitude rate at CSI tirne

Diff er ential orbital altitude
along LM radial at CSI time

6) CSI Solution Checks

The following quantities can be readout via DEDA to indicate the
characteri stic s of the û).aneuver.

If any of these quantities are unsatisfactory
(See Sectíon 23,4) proceed to Section 23.2.

7) Establish Guidance Systern Configuration for CSI Maneuver

a) Enter into address 410 + 50000. The AGS is now in the
External AV guidance rnode. The procedure for executing
an External AV maneuver can be found in Section 27. If
an axis-by-axis AV rnaneuver is desired, refer to the
procedures of Section 28.

b) The downrange and radíal components are automatically
entered by the flight prograrn and rnay be verified by
reading out addresses 450 and 452, respectively. Since
this is a horizontal burn, address 452 wiLL be zero.

I
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8) Establish CSI out-of-plane quidance

If a CSI out-of-plane rnaneuver to reduce the wedge angle between
LM and CSM orbit planes is desired, proceed with the following steps. If
a norrnal CSI rnaneuver (parallel to the CSM orbit plane) is desired, Sg
451 + 00000 and proceed to execute the CSI rnaneuver

a)

b)

Read out addre ss 263 via DEDA. This is the value of V6y
which is quantized, at 0. I fps lunar scaling (1.0 fps earth'
scaling). Vpy is the out-of-CSM plane velocity of the LM
at the tirne of the CSI rnaneuver.

This value, or a fraction of it, is then entered via ÐEDA
into address 45I quantized at 0. I fps lunar scaling (1.0 fps
earth scaling). This sets up the crossrange cornponent
for an external AV rnaneuver at CSI tirne. The eign of the
quantity entered in 451 should be the same as that readout
in addres s 263.

If V^., as obtained in step (a) is zero, thís out-of-
plarfe'burn vill be identical to the norrnal in-plane
brarn.

Note:

ALL CSI MANEUVERS WILL BE PERFORMED IN THE EXTERNAL AV
MODE (DEDA ENTRY 4r ûF50000). THE EXTERNAL 

^V 
MODE MUST

BE ENTERED MORE THAN 7Kl SECONDS PRIOR TO T¡q4. TIME
FOR MONITORING CSI PARAMETERS WILL BE ALLOWED IF ENTERED
4 OR 5 MTNUTES EARLY. (EARLY SWITCHING WILL NOT
TNVALTDATE THE CSI SOLUTTON).*

e) After GSI Maneuver

BaLance Couple Switch ON"a)

b)

c)

Deadband Switch to MAX.

Enter via DEDA addre ss 470 + 20000 (CDH guidance
rnode).

Monitor the tirne to go to CDH maneuver via DEDA
address 310 (quantized at 0.01 rninute for earth or
lunar rnission).

d)

*If radar data is entered into the AEA after switching to !h9 External AV
rnode or a navigation update is rnade, the CSI rnode (DEDA entry 410

+ 10000) should"be reentlêred and a new csl solution cornputed.
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THIS QUANTITY IS ONLY VALID WHEN TIME

TO GO IS LESS THAN I3ó MINUTES.

e) Set Events tirner based upon DEDA readout for count-
down to CDH.

f) Establish Desired Guidance and Control Configuration
for coasting flight.

g) This terrninates the CSI procedure.

23.Z In the Event of an Unsatisfactory Solution

A. I Request new targeting frorn Mission Control and enter
per Step (3).

A. Z Proceed to Step (5).

or

B.l Generate a new TPI tirne to get a desirable solution and
enter per Step (3). If lighting is an irnportant consider-
ation in the rendezvous a good first guess for a new
value of TPI tirne would be the present value of TPI
tirne plus 125 rninutes (lunar rnission). This rneans the
TPI would occur approxirna.tely I orbit later than
o riginally prog rarnrned.

8.2 Proceed to Step (5).

23.3 Discussion

The CSI rn¿lneuver is a burn perforrned along the local horizontal
parallel to the CSM orbit plane for the norsr¿r.l in-plane option. The CSI
out-of-plane option results in a burn which may not be parallel to the
CSM orbit plane. The purpose of the rna.neuver is to create the correct
phasing between the LM and CSM such that follo-ing the coelliptic rnaneu-
ver ( cDH) the desired line of sight angle between LM and csM will be
achieved at norrinal TPI tin're.

This flight prograrn has t"he feature that CDH follows CSI by one-
half or three-halves of a LM orbital period.

A valid CSI con'rputation should not be atternpted earlier than
136 u'rinutes before rr*o uo" to cornputer scaling lirru'tations on To.
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Targeting for this maneuver is critical. That is, the phasing
between the LM and csM at csl tirne should be such that physically
realizable solutions can be obtained. For exarnple, if the CSM is above
and far ahead of the LM the computed solution could be a retrograde
lTraneuver that would possibly force pericynthion of the transfer orbit to
be lower thanrrsafe pericynthionr'. on the other hand if the LM is far
ahead of the CSM the resultant LM trajectory would be one with apocynthion
much higher than the CSM" Subsequent maneuvers by the LM to achieve
rendezvouõ would be costly as far as fuel is concerned,

The line of sight angle is rneasured from the LM local horizontal
plane. The targeted (DEDA input) line of sight angle is always input as
the cotangent of the angle between 20 degrees and 70 degrees. In the TpI
rnt:de(s), the actual line of sight angle can be monÍtored via the DEDA.
Ï'or purposes of this readout the line of sight angle has a range of 0 degree
to 360 degrees. The angle convention is as follows:

LM/CSM Phasing Line of Sight Readout (ef.OS)

CSM ahead and above LM

CSM behind and above LM

CSM behind and below LM

CSM ahead and below LM

0 degree to 90 degrees

90 degrees to 180 degrees

180 degrees to 270 degrees

270 degrees to 360 degrees

23.4 Reasonableness of Solutions

After the CSI solution has been obtained, several quantities can be
exarnined to deterrnine the reasonableness of the resultant solution. These
quantitie s are:

V^ (DEDA Address 3?0
LJ quantized at 0. I fps

for lunar rnissions,
1.0 fps for earth
rni s sions)

(DEDA Addre ss 477,
quantized at 0. I fps
for lunar rnissions,
l. 0 fps for earth
n-ris sions)

Total velocity- to-be -gained rnagnitud. Iin the CSI rnaneuver. (14¡i11 not con-
tain out- of-plane velocity cornponent
until 28JZ is entered. ) Limits on
this magnítude are rnission dependent.

LM altitude rate at CSI tirne. Lirnits
on this rnagnitude are rnission
dependent.

"A
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T
AO

Ar

ZBJ L

ef

6r

(DEDA Addre ss 372
quantized at 0. I rnin)

(DEDA Addre ss 402,
quantized at 0. I nrni
f or luna r rni s sions
and earth rnissions)

(DEDA Address 450
quantized at 0. I fps
for lunar n-rissíons,
I. 0 fps for earth
rni s sions)

(DEDA Address 303,
quantized at 0.01 deg
for lunar and
ea rth rnis s ions)

(DEDA Address 314,
quantized at 0. I rnni
for lunar rnissions
and earth rnissions)

Tirne frorn CSI to CDH. This
quantity should be approxirnartely
60 or 180 :minutes.

P redicted diff erential altitude at CDH
in coelliptic orbit (negative quantity
indicates LM higher than CSM).

Downrange velocity- to-be - gained in
the CSI rnaneuver. Lirnits on this
rnagnitude are mission dependent. If
this quantity is of negative sign the
rrr¿rneuver will be perforrned in a
retrograde manner, in general
decreasing pericynthion of the orbit.

LM to CSM phase angles at CSI
tirne. Lirnits on this rnagnitude
are rnis sion dependent.

Differential orbital altitude along LM
radial at CSI tirne.

23.5 Plane Change Maneuver (PCI)

The purpose of a plane change maneuver (PC! is to create a node

at any desired tirne. A node is defined as that point at which a desired
orbital plane crosses the actual orbital plane. A node is created by re-
rnoving the out-of-plane velocity at a point 9Oo before the desired nodal
point. At the nodal point, another out-of-p1ane thrusting rnaneuver is
done to cause the two orbital planes to becorne coplanar. It is recorn-
rnended that the CSI Routine be used to compute the required out-of-plane
velocities. In order to do this, it is necessary to specify the absolute

tirne of the out-of-plane maneuver. tr.or PCI targeting consideration,
t.rO wiII represent this tirne. The following procedure can be used to

perforrn the plane change (PCI) nìaneuver.
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1) Initial Guidance and Control Configuration

PGNCS in Control AGS in Control

a) Guidance Control in lrAGStr

b) Mode Control in rtA/Hrl

c) DEDA: Enter Guidance
Steering

a) Guidance Control in rtPGNSrl

b) DEDA: Enter Guidance
Steering

Addre s s:
Entry:

400
+1 0000

c) Other PGNCS Controls as
required.

z) AGS: Select CSI Routine

3) PCI Targeting

4\ Events Tirner

a) Readout DEDA address 310 (minutes, quantized at
0.01 minute), the tirne to go till the PCI rnaneuver
(TA).

b) Set the events tirner to this value. Begin countdown
to PCI.

Addre s s:
Entry:

400
+i.0000

DEDA Addre ss 4I0 Entry * 10000

Pararneter Addre ss Entry Rernarks

PCI Tirne 373 Absolute tirne of PCI; DEDA
least significant digit 0. 1

rninute.
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5) Establish PCI Out-of-Plane Guidance

a) Enter into address 410 + 50000. The AGS is now in the
External AV guidance rnode. The procedure for executing
an External AV ûraneuver can be for¡nd in Section 27, If
an axis-by-axis AV rnaneuver is desired, refer to the
procedures of Section 28.

b) Readout address 263 via DEDA (this is the out-of-CSM
plane velocity of the LM at the tirne of the PCI rnaneuver).
The value of V''o. is enter via DBDA into address 451
(quantized at 0l 1 fps lunar scaling 1.0 fps earth scaling).
This sets up the crossrange component for an external
AV rnaneuver at PCI tirne. The sign of the quantity entered
ín 451 should be the same as that read out in address 263,
Set the downrange and radial velocity cornponents (DEDA
addresses 450 and,452, respectively) to zero.

6) After PCI Maneuver

a)

b)

c)

Balance Couple Switch ON.

Deadband Switch to MAX.

Establish Desired Guidance and Control Configuration
for coasting flight.

"This terrninates the PCI procedure.d)
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24. 0 cDH

24.I Procedures For Using CDH Routine

I) Initial Guidance and Control Configuration

PGNCS in Control

a) Guidance Control in rrPGNStr

AGS in Control

a) Guidance Control in trAGStt

b) Mode Control irr tt4/¡¡tt

c) DEDA: Enter Guidance
Steering

b) DEDA: Enter Guidance
Steering

Address:

Entry:

400

+t 0000

c) Other PGNCS controls as
required

Address:

Entry:

400

+ I 0000

Z) AGS: Select CDH Routine

DEDA Address 410 Entry + 20000

3) AGS Targeting

a) CSI computed rnaneuver perforrned imrnediately prior to
CDH selection.

No Targeting Required
*

b) Otherwise, after selecting CDH routine, enter AGS
absolute tirne of cDH rnanerlver tigg (inforrnation frorn
Mission Control).

DEDA Addres s 373 Enter CDH tirne, in Minutes;
DEDA least significant digit
0. I rninute

>k

The out-of-plane veLocity-to-be-gained in the CDH ûtaneuver (28J2)
should be set to zero (DEDA entry 457 + 00000) after entering the cDH
r outine.
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4) AGS: Yaw Steering Selection

a) ff Z-body axis is .to be oriented parallel to the CSM
orbit plane verify or enter 623 +00000.

b) ïf Z-body axis is to be oriented parallel to a specified
plane enter 623 +10000 and verify or select the plane
with DEDA entries.

5) Events Tirner

a) Readout DEDA address 3 t0 (rninutes, quantized at
0. 01 rninute), tirne-to-go-to CDH ûìaneuver.

b) Set events tirner to this value.

6) CDH Solution Checks

The following quantities can be readout via DEDA to indicate the
characteristics of the r¡Ìaneuver.

J

Addr es s Octal Scaling De s cription

514

5r5

5r6

B1

B1

B1

X cornponent of unit vector
norrnal to specified plane

Y cornponent of unit vector
norrnal to specified plane

Z cornponent of unit vector
norrnal to specified plane

Equatíon
Syrnbol

DEDA
Addre s s

Quantization and Units

De s cription
(Iunar

rnission)
(earth

rnis sion)

Ta

"f

310

423

0. 0i. rnin

0. 1 ft/sec

0. 01 rnin

1..0 ft/ sec

tirne to go until CDH Trl-aneuver

desired finaL value of altitude
tate at CDH tirne
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Equation
Symbol

DEDA
Address

Quantization and Units

Description
(lunar

rnis sion)
(Earth

rni s sion)

VG

Ar

arA

28r 7

28J 3

370

402

477

450

452

0. I ftlsec

0. I nrni

0. t fps

0. I fps

0. L fpe

1. 0 ftlsec

0. I nrni

1.. 0 fps

L. 0 fps

t. 0 fps

total velocity- to-be - gained
rnagnitude in CDH rnaneuver.
(1¡ilI not contain out-ef-plane
velocity cornponent until 28JZ ís
entered. )

differential altihrde between
coelliptic orbits

altitude rate of LM at tirne
of CDH

downrange velocity- to-be -
gained in CDH fiÌaneuver

radial velociLy- to - be - gained
in CDH rll.aneuver

t) 7) Establish Guidance Systern Corrfiguration
for CDH Maneuver

B)

a) Enter into address 410 + 50000. The AGS is now in the
External AV guidance rnode. The procedure for executing
an External AV ¡naneuver can be found in Section 27, If
an axis by axis rnaneuver is desired, refer to the proce-
dures of Section 28.

b) The downrange and radial cornpouents are autornatically
entered by the flight prograrn and rnay be verified by
reading out addresses 450 ar,.d 452, respectively.

If a CDH out-of-plane rnaneuver to reduce the wedge angle between
LM and CSM orbit planes is desired, proceed with the following
steps. lf a norrnal in-plane CDH maneuver is desired, set 451
+ 00000 and proceed to execute the CDH nraneuver.

a) Read out addre ss 263 via DEDA. This is the value of
Voo. which is quantized at,0. I fps lunar scaling (f fps
eäíttr scaling). Vp., is the out-of-CsM plane velocity
of the LM at norniäáf COFI tirne.

24-3



b) This value, or a fraction of it, is then entered via DEDA
into address 451 quantized at 0. I fps lunar scaling (f fps
earth scaling). This sets up the crossrange component
for an External AV maneuver at CDH time. The sign of
the quantity entered in 451 should be the same as that
readout in address 263,

NOTE: lf Vo.*,, as obtained in step (a) is zero, this out-of-p1ane
burri ivill be identical to the norrnal in-plane burn.

ALL CDH MANEUVERS WILL BE PERFORMED IN THE EXTERNAL 
^VMODE (DEDA ENTRY 4t0+-50000). THE EXTERNAL aV MODE MUST

BE ENTERED MORE THAN 7Kl SECONDS PRTOR TO T¡qR. TtME
FOR MONITORING CDH PARAMETERS WILL BE ALLOWED IF ENTERED
4 OR 5 MTNUTES EARLY. (EARLY SWITCH|NG WtLL NOT
TNVALTDATE THE CDH SOLUTTON).*

9) After Maneuver

a)

b)

c)

Balance Gouple Switch ON

Deadband Switch to MAX

Establish Desired Guidance and Control Corrfiguration
for coasting flight

24.2 Discussion

The ItCDHrr maneuver is used to place the LM in a trajectory such
that the differential altitude between the CSM and LM orbits is essentially
a constant. tf the CDH malteuver follows the CSI tnaneuver, no targeting
inputs are required. otherwise, the time of the maneuver must be
entered. Prior to the targeted tirne of CÐH, the AGS predicts the rnaneu-
ver. l{'hen real time exceeds the targeted time, however, the systern
cornputes the guidance solution on a real tirne basis.

The CDH maneuver is a burn perforrned parallel to the CSM orbit
plane when the normal in-plane option is used.

It is irnportant to note:

a) tr'ollowing the CSI rnaneuver, if CDH is selected prior
to receiving a CSM or LM navigation update, then no
CDH targeting is required.

'nff 
"adar 

data is entered into the AEA after switching to the External AV
rnode or a navigation update is rnade, the cDH rnode (DEDA entry
410 + 20000) ehould be reentered and a ne\M cDH solution computeä.
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b)

c)

If the CSI rnaneuver does not precede the CDH rnaneuver'
the AGS absolute tii'rre of the CDH rnaneuver rnust be
inserted via DEDA Address 373 (quantized at 0.l rninute).

If the CDH maneuver tirne tinB i" greater than 136

rninutes frorn the present tirñe, a valid CDH solution
will not be obtained due to cornputer overflow of T6.
Note that this rnay occur if the CDH solution is to
be perforrned three-halves orbital periods following
CSI. A valid solution will be obtained, however, when
absolute tirne (t) is within 136 rninutes of trrr.

If the External AV rnode is selected (Sl0 = 5) following
CSI but prior to CDH and the External AV tirne (tin')
entered via DEDA Addres s 3'73, the CDH tirne (- " I

wil l not be valid unless re-entered via Addr.." tUU'

373 after the CDH rnode has been selected. That is,
if a plane change m.aneuver is perforrned in External
AV between CSI and CDH, the CDH t, - will no longer
be valid. 

' Lg

d)
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25,0 TPI

The terrninal phase initiate (TPI) rraneuver begins the direct trans-
fer to rendezvorrs. There are two direct transfer routines; one prirnarily
for mission planning, the other for computing the rnaneuver. The latter
can also be used for mission planning if d.esired.. In general, the routines
are used together in seguence to cornpute the required TPI maneuveï.

In the mission planning rnode the object is to deterrnine when the
direct transfer should occur. This determination is based upon either
achieving the desired line-of-sight angle between the LM and cSM or
finding the minimurn (acceptable) fuel rendezvous. Once the ignition tirne
is deterrnined, the AGS is switched to the Tpr Execute rnode to
freeze the solution and then to External AV for the performance of the
ll]aneuver.

25.I Procedures for Using TPI Routines

1) Initial Guidance and Control Configuration

PGNCS in Control

a) Guidance Control
i:: rr PGNSTT

b) DEDA: Enter
Guidance Steering

Address:400
Entry: +I0000

c) Other PGNCS controls
as required

AGS in ControL

a) Guidance Control
in 'rAGSil

b) Mode Control
in 'rA/H'r

c) DEDA: Enter
Guidance Steering

Addre ss :

Entry:
400

+I 0000
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2) TPI Search Procedure

a) Select TPI Search Routine

DEDA .A,ddress 410 Entry +30000

b) TPI Search Time I¡rcrernent Input

Note: Time-to-go-to-TPl, addregs 310, must be entered after
TPI Search Routine, entry 410 + 30000. Otherwise the
entry is lost. A valid TPI solution should not be
atternpted earlier than 136 rninutes prior to
targeted rendezvous tirne. (Targeted rendezvous
time equals 6J + Ta. )

3) Targetíng for Direct Transfer

4l Search Procedure Line-of-Sight Angle Search

a) Readout line-of-sight angle via DEDA

Line-of-Sight
Angle, 0 f-OS

Addres s 30 3 Read 0LOS, degrees. DEDA least
significant digit 0. 0l deg

b) Select TPI Execute Routine when 0lOS achieves desired
value (known to flight crew). Tirne of TPI (tigC) is now
sele cted.

TPI Execute Routine

DEDA Address 410 Entry +40000

c) Set Events Tirner

DEDA Address 310 Readout Tirne-to-go to TPI

Set Event Tirner to Correspond to Tirne-to-go.

Pararneter Address Entry Remarks

Time to Go
to TPI, To

310 tr'ixed time frorn rrnowrr to TPI:
DEDA least significant digit
0. 0l minute

Pararneter Addre s s Entry Remarks

Time Duration
of Transfer,

6J

307 TPI to Rendezvous, transfer
tirne in rninutes. DEDA least
significant digit 0. 0l min.

d) Go to Step 6).
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5) TPI Execute Procedure

a) Select TPI Execute Routine

DEDA Address 410 Entry +40000

b) TPI Execute: AGS Tirne Entry

Pararneter Address Entry Rernarks

AGS absolute tirne of
TPI burn, rninutes.
DEDA least signifi-
cant digit 0. I rninute

Targeted
tirne of TPI
burn, t.gç

373

6) Select Node

Enter or verify via DEDA Address 306 the tirne incrernent
prior to rendezvous at which the node is to occur. This tirne, 4J,

should be a positive nurnber quantized at 0. 0l rninute.

7l Check the TPI Solution

Equation
Syrnbol

DEDA
Addres s

Lunar
Mission
Quanti-
zation

Earth
Mis s ion
Quanti-
zatíon Units Des cription

zSrI

zSIZ

450

451

0 I

0 1

T 0

T 0

ft/s ec

ft,lsec

Cornponent of External
AV input in the h.orizontal
direction parallel to the
CSM orbit plane. A
positive value indicates a

velocity-to- be- added in
the posigrade direction.

Cornponent of External
AV input in the direc-
tion perpendicular to
the CSM orbit p1ane.
A positive value indi-
cates a velocity-to-be-
added opposite to the
LM angular rnornenturn
vector.
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)

Equation
Syrnbol

DBDA
Address

Lunar
Mis s ion
Quanti-
zatíon

Earth
Mis s ion
Quanti
zatíon Units Des cription

zgï3

Tr
eLOS

V
G

VF

9t¿

t.1gu

T¡
4r

3J

6J

452

311

303

370

371

402

373

310

306

3rz

307

0. I

0.01

0.01

0. I

0 I

0. 1

0. 1

0.01

0. 01

0. 01

0. 01

1.0

0. 01

0.01

1.0

1.0

0. I

0. I

0. 0i

0. 01

0. 01

0. 01

f sec

rnin

d.g

fps

fps

n rni

rnin

rnin

rnin

Inln

IT)1n

Cornponent of External AV
input in the radial direc-
tion. A positive value
indicates a velocity-to-be-
added toward the Moon.

Tirne to rendezvous

Line-of- sight angle be-
tween LM and CSM

Velocity-to- be- gained in
initial rrraneuver

Braking velocity for ren-
dezvous (Only valid íf. 4J
= 0, i. e., node occurs at
rendezvous ).

Transfer orbit pericynthion

AGS tirne of TPI

Tirne-to-go to TPI

Tirne incrernent prior to
norninal rendezvous tirne
at which the nodal crossing
is to occur

TPI rendezvous offset
tirne

Transfer tirne frorn TPI
to rendezvous

If DEDA Address 37T reads 6000, the p-iterator has not con-

verged to a valid solution. In this situation, the rendezvous problern should
be retargeted. The best way to proceed (assurning no targeting data

available frorn the Earth) would be to change the tirne to rendezvous by

entering a new value into DEDA Address 307.
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8) AGS: Establish Desired Steerin

If thrusting is to be performed with the Z.Trody axis in the desired

thrust direction perforrn the following steps. If not go to Step 9.

a) DEDA ENTRY REMARKS

507 + 10000

400 + 20000

Specifies Z-body axis to
be aligned along desired
thrust direction

Specifies Z'body axis
steering

9 ) AGS:

b) Go to step 10.

Yaw Steerins Selection

a) If. Z-body axis is to be oriented parallel to the CSM orbit
plane verify or enter 623 +00000.

b) Lf. Z-body axis is to be oriented parallel to a specified plane
enter 623 +10000 and verify or select the plane with DEDA
entries.

Addres s Octal Scaling Description

5t4

515

516

BI

B1

B1

X-cornponent of unit
vector normal to
specified plane

Y-component of unit
vector norrnal to
specified plane

Z-component of unit
vector normal'to
specified plane
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10) Establish Guidance Systern Configuration for TPI Maneuver

Enter into Address 410+50000. The AGS is now in the External
AV guidance rnode. The procedure for executing an External AV

Tnaneuver can be found in Section 2?. If an axis-by-axis rrl.aneuver

is desired, refer to the procedures of Section 28.

ALL TPI MANEUVERS WILL BE PERFORMED IN THE EXTERNAL 
^V 

MODE
(DEDA ENTRY 4lûFsOOOo). THE EXTERNAL 

^V 
MODE MUST BE ENTERED

MORE THAN 7Kr SECONDS PRTOR TO risc. T|ME FOR MONTTORTNG Tpt
PARAMETERS WILL BE ALLOWED IF ENTERED 4 OR 5 MINUTES EARLY.

LY SWITCHING WILL NOT INVALIDATE THE TPI SOLUTION ).*
1l) After Maneuver

a)

b)

c)

Balance Couple Switch ON

DEADBAND to rrMAXrr

TPI Execute Routine (DEDA Entry 410+40000)
re-entered. (See Section 26.01

Establish desired Guidance and Control Configuration for
coasting flight.

25.2 Discussion

a) The TPI m.aneuver begins the final direct transfer phase to
rendezvous. The direct transfer rnode is used in the
coelliptic rendezvous scherne following the CDH Er¿rneuver.

The two previous rnaneuvers (CSI and CDH) are perforrned
such t}l.at at the norninal TPI tirne, the proper phasing
between the LM and CSM should exist so that the desired
line-of-sight angle is achieved.

Because of errors in the systern (sensors, navigation,
firaneuver execution, etc) the desired line-of-sight is
not achieved at exactly the targeted TPI tirne. In order
to deterrnine when the desired line-of-sight will be achieved
and when to perforrn the rnaneuver, a direct transfer search
guidance option is available in the AGS (StO = 3). 'In this
rnode also, the astronaut can deterrnine total velocity
required to rendezvous and perforrn the TPI maneuver
based upon achieving a desirable value of this quantity.
The alternate direct transfer guidance rnode (StO = 4) is
used to fix the solution for the rnaneuver.

nto the AEA after switching to the External AV
rnode or a navigation update is rnade, the TPI Search Routine (DEDA
Entry 410+30000) or the TPI Execute routine (DEDA entry 410+40000)
should be re-entered and a new TPI solution cornputed.
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The two different rnodes operate as follows

The flight crew introduces an incrernent of tirne, TA,
ahead of the present tirne, t, at which he wishes to
look at the rendezvolls solution. The tirne at which
the TPI rrì.aneuver is to occur is always rnoving ahead
Z seconds per Z-second cornpute interval because
the tirne of initiation of the burn, trg. = t + TA. T4
is a fixed nurnber and t incrernents Z seconds per
2-second cornpute interval. trVhen the solution is
satisfactory, based upon DEDA rnonitoring of the
line-of-sight angle, 51g is set equal to 4 by the flight
crew via DEDA.

slo = 3:

s1¡ = 4: trMhereas the guidance rnode S10 = 3 is used as a forrn
of I'rnission planning,rrthe rnode Sl0 = 4 is used for the
fixing of the solution. If the desired rendezvous solution
is found with 516 = 3 and 516 is set to 4, no additional
entry of t1n6 need be inserted in the cornputer since this
is done auãornatically. If guidance rnode Sl0 = 4 is used,
a value of targeted TPI tirne (tisC) rnust be inserted.
Many different values of tinç co"uld be tried if the crew
desired to do sorrre rrrnissiõn planningrr in this rnode
and did not care to use the alternate rnode. After a
value of tis6 is inserted, a solution is found in one
two- second cornputing incrernent. Assurning the value
of tigç has been selected (and S1g = 4) then the quantity
T6 is the tirne-to-go until the rnaneuver. This quantity
could be used to set the events tirner.

In this rnode, the capability exists for cornputing a
solution so that thrusting in a given rnanner will achieve
a node (intersection of LM and CSM orbit planes) at a
specified tirne incrernent prior to norninal rendezvolts
tirne. The required tirne incrernent, 4I , is entered in
DEDA Address 306 scaled at 0.01 rninute. If.4J is not
zero, the indication of braking velocity required to
rendezvous (DEDA Address 371) is not valid. It should
be noted that entering a value for 4J only controls the
direction of the rnaneuver and thus need only be entered
prior to enabling steering. The advantage to this is that
DEDA Address 37 | can be used as an indication of
braking velocity required to rendezvous prior to rnakingthe
4J entry.
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Just as the quantity 4J can be used to create a node, the
quantity 3J (DEDA Addres s 312 quantized at 0. 01 rninute)
can be used to establish the desired relationship between
the LM and CSM for a I'stable orbitil rendezvous. By
entering a tirne incrernent, 3J, via DEDA, the AGS will
calculate t}:'e Z-irnpulse rnaneuvers to place the LM on the
CSM orbit displaced frorn the CSM by tirne 3J. A positive
value for 3J will place the LM behind the CSM and a
negative value of 3J will place the LM ahead of the CSM.

b) If the TPI rnaneuver is to occur based upon the desired line-
of-sight angle between LM and CSM, then DEDA Address 303
(quantized at 0. 01 degree) should be read out to obtain this
quantity. 'ú/hen the desired value is obtained, the DEDA
Entry 41 0+40000 should be rnade to put the AGS in the TPI
Execute rnode.

c) If the DEDA readout of Address 37I indicates a value of *6000
fps, a valid solution to the direct transfer problern has not
been found. The 6000 indicates cornputer overflow or that
the iteration procedure has not converged.

d) Prior to the TPI rnaneuver, when the TPI Execute routine
is selected, the AGS tirne of computed rendezvous (2-irnpulse
rendezvous solution) can be cornputed.

Tirne of Rendezvolts = 6I + tigc

Tirne-to-go to rendezvous, T", can be read out of the DEDA
directly, Address 311

Tirne-to-go to nodal crossing can be calculated as

T 4Jr
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25.3 Constraints on TPI Transfer Tirne

DEDA Address 307, (quantized at 0.01 rninute) is the desired
tirne f rorn TPI to rendezvous. This tirne rnust be so chosen that the

rendezvous transfer angle (0r central angle between LM at TPI
initiation and the rendezvous point) lies within the following regions.

tr'or Earth Missions

20o. O . 1600- r-
z00osO s 3400r

00

For Lunar Missions

Ioo. o . IToo

l90os g-- s 3500 ooLMr

Pictorially
(Shaded regions non-valid)

zao

340

1 600

1 goo

2000

I 700
ol0

35

These conditions are checked internally in the cornputer, and if found

to be violated, cause the quantity V" to be set to +6000. In general,

these conditions can be satisfied if DEDA Address 307 does not have

the following values entered into it.

The above constraints are imposed to avoid inaccuracy due to indeter-
rninancies existing at the 0, 180, and 360 degree transfer angles.

DBDA
Address 307

For Earth Missions
(Based on 200 n. rni CSM

Orbit)

tr'or Lunar Missions
(Based on 80 n. rni CSM

Orbit)

Not less than

Does not lie
between

Does not exceed

5 rninutes

42 to 53 rninutes
90 to 100 rninutes

130 rninutes

3. 5 rninutes

57 to 65 rninutes

119 rninutes
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26, O MIDCOURSE CORRECTION

To cornpute the rnidcourse corrections, use is rnade of the TPI
execute routine (StO = 4). There are several ways in which the rnidcourse
maneuver can be targeted.

?,6.1 Retarget the Entire Rendezvous Problem

a) Deterrnine frorn the rnission plan the required tirne of
initiating the rnidcourse nìaneuve", tigC'

b) Deterrnine frorn the rnission plan the required tlansfer
tirne duration frorn rnidcourse to rendezvous, 6J.

c) With the above data, compute a TPI maneuver. Follow
the procedures of Section 25.0 for the TPI execute
routine (StO = 4).

26.Z Maintain the Sarne Rendezvous Time, Inflight Targeting of
New Midcourse Maneuver Tirne

The flight crew rnay \Mant to keep the sarne cornputed rendezvous
point (as used in the TPI rnaneuver) and perforrn the rnidcourse maneuver
at a newly specified tirne, tigc. A procedure that can be used is exactly
that of Section 25,0 except for specifying the rendezvous targeting. This
can be done inflight as follows:

a) Deeide or specify the tirne tiqc that the rnidcourse rnaneuver
will be perforrned. This tirrie witl be DEDA entered and
should be sufficiently later than rrpresentrr AGS cornputer
tirne to perrnit the desired orientation steering to be
pe rforrned.

b) tr'rorn the calculated tirne of rendezvous (as deterrnined in
Section 25.0), calculate 6J, the desired tirne frorn rnid-
course to rendezvous by 6J = tirne of rendezvous - tigC.

c) Use the new values of 6J and tig6 to target the TPI
execute routine (Section 25.0\.-

d) Set or verify t]nat 4J, which specifies tirne of nodal
crossing, is as desired.
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26.3 Aporoac hins the Node

As indicated above, the capability exists of creating a node
4J rninutes prior to norninal rendezvous tirne. As the node is ,

approached (within 10 degrees for a lunar rnission and 20 degrees
for an Earth rnission) the quantity 4J is autornatically set to zero and.

the node is established at the targeted rendezvous tirne. The purpose
of this is to have the rnidcourse lrraneuver (at the node) in such a

direction as to cause the LM to be in the csM prane. \ilhen the
switch-over occurs, the LM will be out of the csM orbit plane by
an angle that depends upon the wedge angle between the two
trajectories. This is depicted in Figure 26.r, lf the rnidcourse is
not perforrned near the node and the switch-over has occurred,
the rnaneuver will continue to be cornputed with the node at the
norninal rendezvous point.

At the tirne that the switch-over occurs (4r is set to zerol, the
desired LM thrust direction will change to cause the node to be created

at the rend.ezvous point. For one 2-second cornpute cycle the guidance
solution will be invalid. If the rnidcourse rnaneuver is to be perforrned
near the node, it is recorrrrnended that 4J be exarnined (DEDA Address
306) prior to the rrraner.lver to ascertain that 4J has been set to zero.
lf not zero, either delay the rnaneuver until switch-over has occurred
or manually set 4J to zero via DEDA Entry 306+00000.
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27.O EXTERNAL AV

The External AV routine accepts colnponents of a velocity-
to-be-gained vector in local vertical coordinates input either via
DEDA or cornputed in the CSI, CDH, or TPI rnodes. These corrr-

ponents are computed in the local vertical coordinate frarne valid
at tir. At 7Kl seconds prior to the targeted ignition tirne' no

change in the targeting pararneters (450, 45t, and 452) rnay be'

entered. In addition, thrust should not be initiated before 7K1 seconds

prior to the targeted ignition tirne.

27. I Procedure or Us 1rìg the External AV Routines f

I Initial Guidance and Control Configuration

PGNCS in Control

a Guidance Control
in PGNCS

b. DEDA: Enter
Guidance
Steering

Address: 400

Entry : * 10000>r

c. Other PGNCS
Controls as
required

AGS in Control

a Guidance Control
in AGS

b. Mode Control
in A/H

c. DEDA: Enter
Guidance
Steering

Address: 400

Entry: * 10000*

or Z-body axis steering, set D A Address 400 to *20000 and
DEDA Address 507 to *10000.
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Z, AGS: Select External AV Routine

DEDA Address 410
Entry +50000

THE ORDER OF SELECTING THE EXTERNAL 
^V 

ROUTINE AND
TARGETING IS IMPORTANT. AN INVALID EXTERNAL 

^VSOLUTION MAY RESULT IF THE PROPER SEQUENCE IS NOT
FOLLOWED.

3. AGS Targeting(OnIy done when not targeted by other guidance rnodes)

Pararneter

AV Cornponent of velocity-
to-be-gained vector in
the horizontal direction
parallel to the CSM
orbit plane. A positive
value indicates a velocity-
to-be-added in the
posigrade direction

x

AV Cornponent of velocity-
to-be-gained vector in
the horizontal direction
perpendicular to the CSM
orbit plane. A positive
value indicates a velocity-
to-be-added opposite to
the LM angular rnornenturn
vector

v

AV Cornponent of velocity-
to-be-gained vector in
the radial direction. A
positive value indicates a
velocity-to- be- added
toward the gravitational
source

z

AGS absolute tirne of
'External'AV rnaneuver

t
1g

Address Entry

DEDA Least
Significant Digit

Lunar
Mission

Earth
Mission

1. 0 fps

1. 0 fps

1. 0 fps

0. 1 rnin

450

45r

452,

373

0. 1 fps

0. I fps

0. I fps

0.1 rnin

27-Z
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4. Event Tirner

Set the Event Tirner for count-down to External AV
rnaneuver initiation.

5. Establish Guidance Systern Control for Maneuver

PGNCS in Control AGS in Control

a Mode Control
to AUTO. Per -
forrn norrnal
PGNCS functions.

a Mode Control
to AUTO. (f-lul
now orients to
des ired thrust
attitude. )

b To ABORT: de-
press ABORT or
ABORT STAGE
button.

c To switch over
to AGS: Guidance
control to AGS
and verify ABORT
or ABORT STAGE.

b. At Count-down
Tirne Zeroz
initiate and
cornplete selected
thrust sequence
(See Section Z0).
Balance Couple
Switch as desired.

c Trirn Burnout
Residual. At
Engine cutoff, the
systern enters
attitude hold. If
desired at this tirne,
the Balance Couple
Switch can be's et
or verified- ON and
the residual burn
velocities rernoved.
(See Section 28. I)

6. A{ter Maneuver

a. Balance Couple Switch ON

b. DEADBAND to rrMAXrr

c. Establish desired Guidance and Control Configuration
for coasting flight
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28.O AXIS-BY-AXTS TRIM

After any maneÌrver, the residual velocity-to-be-gained can

be reduced by placing the vehicle in attitude hold and perforrning
translational thrusting along each axis. This procedure can also

be used to perforrn srnall AV rnaneuvers if desired. It should be

recognized however, that thrusting successively along each axis

requires rnore fuel than thrusting with one engine along the

desired direction.

28. r Procedure for VG Residual Reduction (RCS)

1. Verify that the AGS is in Attitude Hold, i. e. , Mode
Control in A/H or DEDA Selection 400+00000.

Z. Set DEADBAND to 'rMIN|'.

3. Set Balance Couple Switch to ON.

Set ATT/Translation Switch to ttZ-Jettt position.

Set Throttle/Jet Control Select to rrJetrr position.

6. Select External AV guidance routine via DEDA
Entry 4 I 0+50000.

7. Readout velocity-to-be-gained in X-direction via
DEDA Address 500 (AVgx).

8. Null out the DEDA reading by rnoving related thrust/
translation controller up(down). Up(down) corresponds
to X-translation which nulls positive(negative) values
of AVgx

9. Readout velocity-to-be-gained in Y-direction via DEDA
Addres s 50 I (aV*¡ .

10. Null out DEDA reading by rnoving related thrust/
translation controller to right(teft¡. Right(left)
corresponds to Y-translation which nul1s positive
(negative ) values of AVn".

11. Readout velocity-to-be-gained ín Z-dírection via
DEDA Address 502 (AV ).' gz'

LZ. Null out DEDA reading by rnoving related thrust/
translation controller in(out). In(out) corresponds
to Z-translation which nulls positive(negative) values
of AVvz

I 3. Set DEADBAND to rrMAX. rl

4

5
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28.Z Procedure for Srnall AV Maneuver (RCS)

Verify that the AGS is in Attitude Hold, i. e. , Mode
Control in A/H or DEDA selection 400+00000.

Z. Set DEADBAND to rrMlN.'r

3. Set Balance Couple Switch to ON.

4. Set ATT/Translation Switch to ttz-Iettt position.

5. Set Throttle/let Control Select to I'Jettr position.

6. Select External AV guidance routine via DEDA
Entry 4 1 0+50000.

I

7. Set DEDA Address 373 (t
(if not already targeted).

to tirne of rnaneuverie)

I Load in External AV colnponents per Step 3 of
Section 27,0.

9. At t,_, or shortly before, readout velocity-to-be-
Lg

gained in X-direction via DEDA Address 500 (AVgx).

10. Null out the DEDA reading by rnoving related thrust
translation controller up(down). Up(down) corresponds
to X-translation which nulls positive(negative) values
of AV gx

11. Readout velocity-to-be-gained in Y-direction via
DEDA Address 501 ( AV ).' gv'

L2. Null out DEDA reading by rnoving related thrust/
translation controller to right(teft¡. Right (left)
corresponds to Y-translation which nulls positive
(negative) values of AV*".

1 3. Readorrt velocity-to-he-gaineri 1n 7,-rlirection via
DEDA Address 502 ( AV ).' gz'

14.

gz

I 5. Set DEADBAND to r|MAX. rl

Null out DEDA reading by rnoving related thrust/
translation controller in(out). In(out) corresponds
to Z-translation which nulls positive(negative )
values of AV

z8-z



28.3 Notes

1. If this trirn procedure is utilized af.ter orbit insertion' it
should be done irnrnediately. This is because of the orbit
insertion equations being designed to drive the LM to a
particular point on the ilesired orbit. Thus, as tirne goes
by, the cornputer will indicate an increasing velocity-to-
be-gained ( even if the cutoff were perfect) since the vehicle
is departing f rorn the injection point.

Z. It is not necessary that AEA Addresses 500, 501 and 502
be nulled in the sequence indicated in Sections 28.1 and 28.2.
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APPENDIX A

DEDA ACCESSIBLE QUANTITIES

The following tables are coûtplete lists of the rneaningful
quantíties available for entry or readout via DEDA. The decirnal
region quantities are grouped by scalingi i. e., all velocity quantities
with quantízation of 0. I ftlsec are listed together, and etc. Both
lunar and earth rnission scaling are given in the forrn lunar /eaúi.
For exarnnt.' tn" which is located at Address 263 has a lunar rnission
binary scaling of BI3, a lunar DEDA range of 8191.9 f.t/sec and a
lunar DEDA quantízation of 0. I ft/sec.

The octal region quantities are presented in nurnerical order
of their addresses. The binary scaling is given for both lunar and

earth rnissions. One nurnber in the scale colurnn indicates the sarne

binary scaling for both lunar and earth rnissions.

The right-hand colurnns on these lists indicate the guidance
rnodes in which each quantity is cornputed. For exarnple, AL
at Addres s 177 is cornputed in the OI, CSI, and CDH guidance

rnodes.

Tirne-shared locations are ornitted frorn these lists since
DEDA readouts are not easily interpreted when two quantities are
alte rnately dis played.
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DEDA AVA¡LABLE PARAI.IETERS
DECIMAL REGION

-------FP 8-----F P 8-------
BINARY SCALING LUNAR/EARTH 23/25
DEDA RANGE 8r388 ¡5QO/33;554rO00 FEET
DEDA OUANTI¿ATION 1OO/1OOO FEET

SYMBOL ADD o

1
I
I
I
I
1

I
1

1

I
1
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
1
t
I

I
1
I
I
I
I
I
I
I
I
I
I
I
1
1

I
I
I
I
t
I
I
1

I
I
I
I
I
I
I
1

1

(

I

I
I
I
I
I
I
I
1

I
I
1
I
I
I
I
1

I
I
1
I
I
I
I
t
1
L

I
I
t
I
1

I

O = NOl AVAILABLT)
N CSI CDH TPI XDV

t
I
I
0
1

t
1

I
I
I
I
I
T

I
I
I
I
I
I
I
I
1
I
I
I
I
t
I
I
I
I
I

GAL
(x c
(Y C

tzc
(X
(Y
tz

Þ
¡

l.J

R5X
R5Y
R5Z
AL
REX
REY
REZ
RT
ROX
ROY
ROZ
RO

R

Y
POUTFS
2K3
¿Kl4
25J
7J
8J
10J
4K5
2K 19
5J
1óJ
2LJ
lJt
LJz
1J3
2JL
2J2
2J3

L74
r75
L76
L77
200
20L
202
203
204
205
206
201
2L0
2LL
2L7
2L6
2L7
223
224
225
226
221
230
23L
232
233
240
Zt+I
2¿+2
244
'¿45

246

PRED¡CTED LM SEMI-MAJOR AXIS.
CSM EPOCH POSITION VECTOR.

PREDICTED CSM POSITION MAGNIlUDE.
POSITION VECTOR INPUT TO ORBIT PARAMETER
SUBROUT I NE.

PRED I CT I ON POS I T I ON MAGN'I TUDE r
LM PRtsSENT TNERTIAL POSITIoN MAGNITUTTE.
LM OUT OF PLANE POSITION.
MAX P DTSPLAYABLE.
8L SET ON OVERFLOH.
INITIAT- P PERTURBAT'IoN¡
DEDA ENTRY FOR ALTITUDE UPDATE.
TERM IN O.I. SEMIMAJOR AXISo
ONE-HALF LOICER LIMIT OF APOLUNE RADIUS¡
RETARGET VALUE FOR 7J.
NOMINAL BURI{OUT ALTITUDE IN O¡I.
DELTA P LIMITER.
NOMINAL LUNAR LANDING SITT. RADIUS.
TARG€TED ORBIT INSERTION ALTITUDE.

DEFINITION

LM PREDICTED POSITION VEcToR AT
OR AT PRESENT IN O.I.

VERTICAL PITCH STEERIN
LM EPHEMERIS POSITIC}N
LM EPHEMERIS POSITION
LM EPHEMERIS POSITION
CSM EPHEMERIS POSITION
CSM EPHEMERIS POSITION
CSM EPHEMERIS POSITION

TlGr

T THRESHOLDo
OMPONENT l.
OT¡iPONENT I ¡
OIIPONENT ) .
COIIPONENT ¡ .
COI¡IPONENT l .
COMPONENT I .

1
I
I
0
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
1

I
t
I
I
1
I
I
I
1

1



DEDA AVA¡LABLE PARAMETERS
DECIMAL REGION

-------F P8 -----FP 8-------
BINARY SCALING LUNAR/EARTH 23/25
DEDA RANGE 8r388 t5OA/37¡554rO00 FEET
DEDA OUANT¡ZAT¡ON IOO/IOOO FEET

SYMBOL ADD DEFINITION

LM POS¡TION VECTORT f 1

tl
t1

CSM PRESËNT POSITION VECTORT t I
ll
l1

PRED' LM ALT._1l_lå;r111_:HËä:yI_:l_"¡rrro r r

BINARY SCALING LUNAR/EARTH 23125 (FEET}
DEDA RANGE L779.7/5518o4 NAUTICAL ttILES
DEDA OUANTIZATIoN 0¡1./0¡l NAUTICAL HILË,s

LM-CSM D¡FFERENTIAL ALTITUDE AT TIG. O 1
C0MPUTED LM APOFOCUS ALTITUÐE¡ I I
LM ALTITUDE. 11
LM-CSM DTFFERENTTAL ALT¡TUDE AFTER CDH. O 1
LM TRANSFER ORBIT PERICYTHION ALTTTUDËO O O
LM PRESENT:::l::Ifå31-1lÈli3!:-___ 1 I

B¡NARY SCALING LUNAR/EARTH 22/24 (FEET}
DEDA RANGE ó90.2E/276Lo2 NAUTTCAL MILES
DEDA SUANTIZAT¡ON 0o01/0ol NAUTICAL HiLES

RADAR RANGET } 1
COIqPUTED RANGET I I

{O = NOT AVAILAELEI
OIN CsI CDH TPI XDV

Þ
I(,

RX
RY
RZ
RCX
RCY
RCZ
RF

DELRP
OA
H
DELH
QlDEDA
OLTELE

t8J
RR

340
?47
342
744
945
346
347

314
3L5
737
402
402
403

3L6
3L7

I
1
I
I
I
I
I

o
I
I
0
0
I

I
I
I
I
I
I
I

0
1
I
0
I
I

I
I
I
I
I
I
I

I
1
I
t
0
I

1

1

I
I

I
I



SYi4BOL ADD

260
26r
262
263
264
?65
266
270
27L
360
36L
362
364
365
366
367
310
37L
420
42L
422
423
4?4
¿+25

4?6
427
433

DEFINITION

;r- r ; ñ;;ï'õ;;-;;-¿ã,,õnã*,, .LM INITIRU VELOCITY (Y COMPCINENTi.
LM ¡N¡TIAL VELOCITY IZ COTJTPONENTI.
QUT-IF-PLANE VEL. AT TIG(AT pRES.IN O¡I.1.
CSM ¡NITIAL VELOCITY (X COIIPONENTi.
CSM INITIAL VELOCITY (Y COI{PONENTIO
CSM INITIAL VELOCITY (Z COT.IPONENT} OLI¡I PRESENT OUT-OF-PLANE VELOCTTY.
MAX VYO DISPLAYABLE (FPSI.
PRESENT LM INERTIAL VELoCITv VEcToR.

DEDA AVAILABLE PARAMETERS
DECIMAL REGION

------- FP8-----FP 8-------
BINARY SCALTNG LUNAR/T.ARTH L3/L5
DEDA RANGE 819I.9/32767 FTlSEC
DEDA OUANTIZATTON Q¡L/1 FT./SEC

PRESENT CsM II{ERTIAL VELoc¡TY VECToR¡

LM ALTITUDE RATE.
VELOCI TY TO GA¡N I{AGNI TUDEo
TPI BRAK I'{G VELOC I TY.
CSM EPOCH VELOCITY VECTORo

DESIRED ALTITUDE RATE.
VELOCITY VECTOR INPUT To oRBIT PARA,ITETER
SUBROU T I NE.

(O = NOT AVAILABLEI
OIN CSI CDH TPI XDV

I
I
I
I
I
I
1
I
I
I
1

I
1
I
I
I
I
0
I
I
I
0
I
t
I
I
t

I
I
I
I
I
1

I
I
I
I
1
1
I
I
1
1
I
I
1
I
I
I
I
I
I
I
I

I
I
I
t
1

I
I
I
I
I
1
I
I
I
I
I
I
0
I
I
I
1
I
t
1

1

I

I
I
I
I
I
1
I
T

I
I
I
I
I
1

I
1
1

0
I
I
I
I
1
I
I
I
I

I
I
I
I
1

I
t
I
1

I
I
I
I
I
I
1
I
0
I
I
1

I
I
I
I
I
I

LM
LM

Þ
IÞ

1J4
lJ5
IJó
VPY
2J4
2J'
2J6
VYO
VYOFS
VX
VY
vz
VCX
vcY
vcz
HDOT
VG
VF
VEX
VEY
VEZ
RFDOT
VOX
v0Y
voz
VH
V

PRESENT
PRESENT

HORIZOI{TAL VELOCITYT
VELOC I TY.



SYMBOL ADD

DEDA AVAILABLE PARAI'IETERS
DECIMAL REGION

------- F P I -- ---FP B-------
BTNARY SCAL TNG LUNAR/EARTH L3/ L5
DEDA RAN6E 8I91.9/32767 FTlSEC
DEDA AUANTIZATION A.L/I FTlSEC

DEFINITION

ESTII,IATED RANGE RATE BETI{EEN CSM AND LM.
EN6INE CUTOFF COMPENSATION (FPS)O
DELTA V DOI{NRANGE. EXTERNAL
DELTA V CROSSRANGE. DELTA V
DELTA V RADIAL. INPgl5
VG THRESHOLD.
HORIZ. VELo AT T¡6(AT PRESENT IN OoI¡tr
VERT PITCH STEERING ALT RATE THRESHOLD.
RFDOT LOWER LIMIT.
THRESHOLD FOR FREEZING THRUST DIRECTION.
ACCUMULATED TOTAL OF SENSED VELOCITY
INCREMENTS UPDATED Eveny 2 SECI

DESCENT ABORT VG OVERFLOII PROTECT¡OT{.
COI{PONENTS OF TOTAT VELOCITy-To-BE-
6AINED DURING A BURN.

RADIAL VELOCITY AT TIG(AT PRESENT IN O.IOI
INCREMENTS OF TOTAL VELOCITy-To-BE-
GA¡NED DURING BURI{E

RANGE RATE INPUT (RADARI.

(0 = NOT AVAILABLEI
OIN CSI CDH TPI XDV

I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
1

I
I
I
I

I
I
I
1
I
t
I
I
I
I
I
l
I
t
I
I
I
I
I
I
I
1

I
I
0
0
0
I
I
I
I
I
I
I
I
1
I
I
I
1

I
I
I
1

I
(.'r

RRDOT
4K25
28J1
28J2
28J3
4KZ6
VI.IA
22J
23J
5K26
VDX
VDY
vDZ
4K27
VSMGX
VSTIGY
VSM6Z
RADOT
DELVGX
DELVGY
DELVGZ
L'IJ

440
446
450
45L
452
454
463
464
465
466
4'to
47t
472
47?
474
475
476
477
500
501
502
503

I
I
0
0
0
I
I
I
1

I
I
1

I
t
I
I
I
t
1
I
1

I

I
I
1

1
1
I
I
I
1

I
1

I
I
I
I
I
I
I
I
I
I
I



SYMBOL ADD

DEDA AVAILABLE PARAMETERS
DECIMAL REGION

------- F P I ----- F P 8-------
BINARY SCAL¡NG LUNAR/EARTH L?/L3
DEDA RANGE L76.5/L36.5 MIN
DEDA SUANTIZATION 0.01 lO.O1 M¡N

(O - NOT AVAILABLE¡
DEFINITION OIN CSI CDH TPI XDV

Þ
I

Or

4J
6J
TDEL
TR
3J

1J7
2J7
7K1
1J
TAO
TIG
TAl

XI
TLOS
THETAF
L2J

306
307
310
31L
3L2

254
272
274
275
772
373
377

277
703
303
305

;il;;-ü;;;;;-;;ì;"oi.,ã,,. o
DESIRED TRANSFER TIME¡ 1
TIME FROI'I PRESENT TO NE*T MANUVER. O

TIME FROM PRESENT TO RENDEZVOUSO O
TARGET OFFSET TIME. 1

------FP8-----F P 8-------
BINARY SCALING LUNAR/EARTH I8lI8
DEDA RANGE 4369/4?69 I,IIN
DEDA OUANTIZATIOl{ O.I/OO1 MIN

LM EPOCH. . 1
cstjt EPocH. I
TIG OFFSET. L
DESIRED TI¡TE OF TPI T,IANEUVER FOR CSIO I
III,IE FROI4 CSI TO CDH. O

ABSOLUTÉ. TIttE OF NEXT l.tAl{EUVER. I
AGS ABSOLUTE TIMEo I

BrNAR; ;ñ;[Ë'-;,n;[i:;ñ-- 3/3
DEDA RANGE 360I?60 DEG
DEDA QUANTIZATION 0¡01 f0oQl DEG

Z AXIS/LOCAL HORIZONTAL AN6LE. 1
COHPUTED LOS. 0
Lt¡l-CSM CENTRAL ANGLE AT TIG. 0
PHASE ANGLE LIM¡T FOR RETARGETINGO 1

1
I
I
I
I

I
I
0
I

0
I
I
0
I

I
I
t
I
0
I
I

I
0
I
I

0
I
1

0
I

I
I
I
I
1

I
1

I
0
I
I

0
I
1

0
I

I
I
I
I
0
t
I

1

0
0
I

I
I
t
1
0
I
t



DEDA AVAILABLE PARAMETERS
DEC IMAL REG I OT.¡

-------FP8-----FP8------
BTNARY SCAL¡NG LUNAR/EARTH L/?
DEDA RANGE .064/.064 FTISEC SOUARED
DEDA QUANTIZATION .0O1/.OI FTISEC SOUARED

(O = NOT AVAILABLEI
DEFINIT¡ON OIN CST CDH TPI XDVSYMBOL ADD

T

lK l9
1K2 I
LKa3

lKl
1K6
1K 11

MU8
1K9
lK 30
?KI7
MU19
4K23

540
54L
542

544
545
546

ó14
ó16
61?
620
62L
622

;ñil;;il;;* BIA. coilPEN;;î,on.
Y ACCELEROI,IETER BIAS COMPENSATION.
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DEFTNITION

8 DISCRETE I{ORD ONE COMPLEMENTO
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DEFINTTION

-L2/-14FACTOR IN TBTTIME TO BURNTCOMP.(1/FPS). THE AVAILAgILITY
-25/-29FACTOR IN TBrTIME TO BURNTCOMP.(1/FPS 5O)¡ OF PARATIETERS ON
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20 X-POSTZ-VEL COVAR (VARIABLE SCALING).
30 XIZ-POS COVAR (VARIAtsLE SCALINGI'

___-___Fp8_-___Fp B______
DEDA CONVERSION SCALE FACTORS

OCTAL REG¡ON
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