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FOREWORD

This Lunar Descent Mission Techniques Docurvlent is

one of several documents describing the H-Z(Apollo 13) mis-

sion. The others are as follows:

• Launch Aborts

• Earth Parking Orbit and Translunar
Injection

• Translunar Midcourse Corrections and
Lunar Orbit Insertion

• Lunar Surface Phase

• Descent Abort and Subsequent Rendezvous

• Manual Ascent

• Powered Ascent

• Lunar Orbit Activities

• Transearth Injection, Midcourse

_- Corrections, and Entry

• Tracking Data Selection Controllers
Procedures

• Contingency Procedures

These documents contain the officially approved guid-

dance and control sequence of events, the data flow, and real-

time decisionlogic for the H-2 mission. Thepurpose of these

docu:nents is to ensure compatibility of all related MSC and

supporting contractor activities.

For eachmissionphase, a Data Priority Working Group

has been established under the direction of Chief, Apollo

Data Priority Coordination, ASPO. These groups, which are

111



FOREWORD (Continued)

comprised of representatives of MSC and support contrac-

tors hold frequent meetings to coordinate their various asso-

ciated activities and develop agreed upon mission techniques.

TRW assists in the development of the techniques and docu-

ments them forASPO. After formal review byASPO, E_DD,

FCOD, FOD, GAEC, MDC, MIT, NR, and TRW, a document

such as this one is issued.

This is the final issue of the Lunar Descent Mission

Techniques Document. The mission dependent data limits

and trajectory parameter values are applicable to the H-2

mission; the sequence of events, data flow, and decision log-

ic are applicable tothe H-2 and subsequent Apollo missions.
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_'_ I. INTRODUCTION

The guidance and navigation (G&jN) sequence of events, flow of data,

and real-time decisions that must be made for the powered lunar descent

phase of the H-2 (Apollo 13) lunar landing mission are presented in this

document. A functional description of the activities is presented in

Section 2, followed by a general discussion of techniques decisions in

Section 3. Section 4 presents a detailed description of the techniques,

and the flow charts are contained in Section 5. The procedures and com-

parison lirf_itswere extracted, in part, from References i through 18.

These charts document the standard, approved procedures for the

verification and use of the available navigation and guidance data and the

alternate procedures to be used in the event of a primary guidance and

navigation syste_n (PGNCS) failure. Routine procedures are included in

the flow charts, as required, to clarify a particular technique.

The segment of the lunar landing mission discussed herein starts

.... with acquisition of signal (AOS) at powered descent initiation (PDI) - 33

minutes and terminates about 5 minutes after the lunar module (LM)

reaches the lunar surface; Mission techniques for the period from lunar

orbit insertion (LOI) to PDI are presented in Reference I. Mission tech-

niques applicable after touchdown are presented in Reference 2.

I-I



2. FUNCTIONAL DESCRIPTION OF THE LUNAR DESCENT ACTIVITIES

This section presents a brief description of the nominal sequence of

events during descent to the lunar surface.

The descent orbit insertion (DOI) burn is performed by the command

and service module (CSM) Z revolutions after lunar orbit insertion (LOI)

while the LM and CSM are still in the docked configuration. After

undocking, and I-I/2 revolutions before PDI, the CSM performs a circu-

larization burn (CIRC) to achieve a 60-nautical mile circular orbit. The

LM remains in the elliptical descent orbit while its systems are checked

by the crew.

Powered descent begins near perilune of the 60-nautical mile by

50, 000-foot Hohmanntransfer orbit, with the actual ignition time being

determined by an ignition algorithm. Termination of powered descent

occurs with lunar contact and engine shutdown. A conceptual diagram of

a powered descent trajectory is presented in Figure 2-i. This diagram

illustrates nominal LM performance. The major phases of the descent

trajectory are designated as the braking phase (terminating at approxi-

mately 7, 437 feet altitude ), the approach or visibility phase (terminat-

ing at approximately 120 feet altitude), and the landing or vertical descent

phase (terminating at touchdown). An 8-second ullage phase and a

Z6-second trim phase at 10 percent throttle, precede the braking phase.

A timeline of powered descent activities is presented in Figure 2-2.

Three PGNCS programs (P63, P64, and P66) control d,e trajectory

in such a way that various position, velocity, acceleration, and visibility

requirements are met. These programs provide an automatic guidance

and control capability for the LM vehicle from PDI to touchdown. P63 is

the Braking Phase Program. It is initiated approximately 8 minutes before

descent propulsion system (DPS) ignition and controls the LM to a program

In previous missions, the LM performed DOI I/2 revolution before PDI.

The CSM DOI profile was selected in order to conserve LM propellants and
to provide additional tracking data for descent orbit determination.

Altitude is defined as the height above the lunar radius of the designated
landing site.
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switch point occurring at approximately 8 minutes 30 seconds after ignition.

_ The corresponding altitude is approximately 7, 437 feet . The Approach

Phase Program (P64) is automatically entered at the termination of P63

(time to go (TG) = 62 seconds) and exercises trajectory control for achiev-

ing landing site visibility. During a nominal descent, the crew will select

the Landing Phase (rate of descent) Program (P66), prior to the completion

of Program P64, at an altitude of approximately 500 feet (horizontal

velocity = 80 feet per second and vertical velocity = -16 feet per second).

If P66 is not entered manually, it would be entered automatically when

TG = 12 seconds in P64.

P66 is initiated when the crew switches the PGNCS mode control

(CONT) from the automatic (AUTO) to attitude hold (ATT HOLD) position

and then actuates the rate of descent (ROD) control. When the LM is

guided by P66, the vehicle attitude changes are controlled manually by the

crew; the DPS engine throttle level is under program control, and the com-

mander (CDR) can command changes in the rate of descent by t -foot-per-

second increments using the ROD switch. If the MODE CONT switch is

returned to the AUTO position, P66 will control the LM descent automati-

cally by hulling the horizontal velocity relative to the surface and maintain-

ing rate of descent at 3 feet per second. In previous missions, P65 would

be entered automatically after P64 (if the crew did not select P66), and

would null the LM's horizontal velocity and maintain the rate of descent at

3 feet per second. P65 has now been deleted as a program entity, and its

capabilities have been made available to the crew as an option in P66.

To obtain manual control of the DPS throttle and digital autopilot

(DAP), the thrust control (THR CONT) switch is placed in the manual

(MAN) position. This manual mode of DPS control will not normally be

The guidance equations in P63 will compute and display the LM altitude
once during the LGC computation cycle beginning at PDI + 8 minutes

30 seconds. During the latter half of this cycle, P64 will be selected for

use, but will not be entered until the next LGC cycle, 2 seconds later.

Hence, the last LGC cycle under P63 control begins at 8 minutes 30 sec-

onds (displayed altitude of 7, 437 feet), and the first LGC cycle under P64

control begins at 8 minutes 32 seconds (displayed altitude of 7, i07 feet).

/



used for landing. In previous missions, the selection of manual throttle

control caused an irreversible entry to P67 which did not permit a subse-

quent return to automatic throttle control. To eliminate this situation, P67

was deleted, and manual throttle control was provided as a crew option in

any landing program.

Following LM contact with the lunar surface, the CDR will disarm

the DPS engine, determine LM stability with respect to the lunar surface,

and make a stay/no-stay decision. Once a stay decision has been reached,

the CDR will key in the Landing Confirmation Program (P68} which will

terminate the landing programs and initialize the LGC for lunar surface

operations.

J



_', 3. GENERAL TECHNIQUES DECISIONS

This section discusses the division of decision responsibility and the

three basic decisions to be made:

• Go/no-go for PDI

• Abort or abort/stage

• Primary to abort guidance switchover

3. I DECISION RESPONSIBILITY

AU decision logic presented in Section 5 is designed to ensure a safe

landing on the lunar surface and the capability to abort from powered

descent, if required. The Mission Control Center- Houston (MCC-H) is

responsible: for detecting insidious, slow drift malfunctions and advising

the crew of their decision; thus, high bit rate communications with the

ground are required to obtain PGNCS and abort guidance system (AGS)

state vector data. The crew is responsible for detecting errors that

- require immediate action. This division of responsibility is further

emphasized by an MCC-H to LM abort decision/communication delay

which may be as large as 20 seconds.

3. 2 GO/NO-GO DECISION FOR PDI

The basic requirements for initiating PDI are that the LM must have

the capability to land on the lunar surface, ascend, rendezvous, and dock

without violating any mission rules. A go decision for PDI means that a

descent will be initated, while a no-go denotes an abort or a delay for one

LM revolution to allow time for the possible correction of the malfunction.

In addition to acceptable equipment checks, a go for PDI requires

• Agreement between PGNCS and MCC-H computed
(PAD) targets

• Acceptable alignment of PGNCS

Mission rules allow for the continuation of the mission without high bit
rate data, provided that the operation of the G&N systems can be verified

_" by manual readout and voice transmission to MCC-H.
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• Acceptable alignment of AGS with respect to PGNCS

• Adequate high bit rate and voice communication

• Proper LM ignition pitch attitude

• LGC functioning properly

If a no-go for PDI is given, either an abort maneuver is performed at

PDI + 12 minutes or PDI is delayed for one revolution, which provides

additional time to assess the malfunction. A delay is generally undesir-

able because of the increased descent targeting degradation which results

from orbit perturbations during the extra revolution.

3. 3 ABORT OR ABORT/STAGE DECISION

An abort or abort/stage decision is made when a malfunction has

been detected that will affect the crew safety or the capability of the LM

to abort from powered descent. The abort procedures are designed to

ensure an orbit with a pericynthion altitude greater than 30,000 feet.

The decision to abort is based on the occurrence of one of the following:

a) Propulsion

• Zero or low DPS thrust

• Failure of the DPS to throttle

• Impending DPS propellant depletion

• Loss of redundant ascent propulsion system
(APS) start capability

• Uncontrollable DPS engine gimbal failure

The AGS is required until high gate (P63 to P64 program change).
However, based on the real-time situation (nominal conditions) and

particular failure mode (open item), descent may be continued or
aborted.
;I.__._

High bit rate and voice communications are required during descent
to assess guidance and control performance and to make a go/no go
decision at PDI + 10 minutes. (See footnote on previous page. )

The pericynthion altitude value (30, 000 feet) was selected to ensure

adequate clearance between the LM and the highest lunar terrain point.

3-2



b) Guidance and navigation

• PGNCS malfunction

• AGS malfunction prior to high gate

• Lack of landing radar (LR) data

•• Incompatible difference between PGNCS and LR
altitude data

c) Trajectory constraints

• Violation of specified abort limits on MCC-H

display s

d) Landing site

• Unsatisfactory

• Redesignation unreasonable

e) General

• Loss of S-band high bit rate or voice communi-
cation

11

• CSM malfunctions that may affect rescue capa-

bility

When the choice is available, the DiPS-to-orbit capability is used

which is available for aborts before PDI + 5-I/2 minutes. Aborts after

this time require an abort/stage following DPS fuel depletion. The deci-

sion to abort/stage implies one of the following:

• DPS fuel depletion following an abort decision

• DPS performance limits are violated

• Excessive reaction control system (RCS) plume

imping ement

• LM tipover after lunar contact
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3. 4 PGNCS TO AGS SWITCHOVER DECISION •.....

When PGNCS performance has degraded so that it is not adequate to

abort safely (30, 000-foot pericynthion altitude), an abort decision is

made, and the guidance and control function is switched from PGNCS to

AGS. The PGNCS performance required for a descent abort is more con-

straining than that required for a lunar landing; thus, a descent could be

aborted that might otherwise be completed. This abort rule is imposed to

eliminate the risk of hazardous insertion conditions should already off-

nominal conditions worsen. The ground is the prime (and only) method

whereby the slow-drift malfunctions can be detected and isolated. To

accomplish this function, the following displays are used:

• PFP**/PGNCS velocity residuals

• AGS/PGNCS velocity residuals

• MSFN***/PGNCS range rate residuals

• MSFN/AGS range rate residuals

The powered flight processor (PFP) data are differenced with the -

PGNCS data to serve as a third data source to assist in the isolation of a

degraded guidance system. The MSFN-PGNCS and MSFN-AGS range rate

residuals are used to confirm the results of the PGNCS/AGS/PFP isolation

technique. A flow diagram of the technique is shown in Section 5. The

detailed discussion is contained in the Appendix.

See Section 3.3

The PFP, or Lear filter, is an RTCC processor which uses doppler

observations from several tracking stations to obtain by triangulation the

state vector change since the last set of observations. The processor uses
Kalman filter equations to compute the state vector corrections at the time

of a set of doppler observations. After the update, the state and weighting
matrices are propagated to the next set of doppler observations and another
state correction is computed.

.........Manned Space Flight Network
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4. DETAILED TECHNIQUES DESCRIPTION

This section presents, in chronological order, the G&N activities as

related to the data requirements, rationale for real-time decisions, and

techniques (luring the lunar de scent.

The discussion of these techniques is divided into four phases:

• Pre -PDI

• PDI to visibility

• Visibility to touchdown

• Postt ouchdown

Many of the checks and verifications are performed periodically

during descent; however, each will be discussed in the approximate order

of its appearance in the logic flows (Section 5).

4. l PRE-PDI ACTIVITIES

This phase includes the activities from AOS (TIG - 33 minutes) to

PDI. Several events related to these activities which occur prior to this

period include the following:

Approximate Time

Event (min: sec)

Accelerometer bias update (PGNCS) TIG - 130:00

Inertial measurement unit (IMU) alignment TIG - 70:00

Abort guidance system (AGS) update and TIG - 55:00
alignment

4. i. I P63 Data Check

The CDR calls P63 for a short period of time at about 28 minutes

before the nominal time of ignition (TIG). The display and keyboard

assembly (DSKY) display of time from ignition (TFI) to aim condition or

time to go (TG), TIG, TFI, and displacement of the landing site out of the

4-I



LM orbital plane or crossrange (CR) are compared to the PAD reference

s- values. This comparison verifies the LGC targeting. Figure 4-I shows

sample PAD forms of the PDI maneuver and PDI + 12 minutes abort infor-

mation. TFI is counting down with real time, but TIG, TG, and CR are

constant. These parameters should have only minor deviations from

expected values because they are relatively insensitive to expected trajec-

tory dispersions and IMU errors.

P63 will be reentered about 8 minutes prior to TIG to start the

powered descent phase. At this time, the DSKY displays will reflect the

result of the latest state vector and landing site update, discussed in

Section 4. i. 4, which was input to the LGC. The new TIG should agree

with the old TIG (obtained from the previous P63 data check) within a few

seconds.

4. i. Z S-Band Communications Verification

S-band communications are verified at AOS. If communications are

lost, the antenna is maneuvered manually to acquire S-band tracking. The

crew may also perform a small (10 to 30 degrees) yaw maneuver in order
f

to avoid antenna line-of-sight blockage. The decision on the adequacy of

S-band for the descent phase is made between TIG - 33 minutes and

TIG - 6 minutes. If S-band communications are inadequate, PDI will be

delayed one revolution.

4. i. 3 AGS Alignment and LM Preignition Activities

By this time, approximately 45 minutes have elapsed since the last

AGS alignment. To provide a more accurate AGS abort capability, a V47

initialization to PGNCS will be performed at TIG - 10 minutes, and an

alignment to PGNCS will be performed at TIG - 3 minutes.

After the V47 update, the AGS will clear its state vector buffer stor-

age locations, which will then be reloaded via the data entry and display
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/ assembly (DEDA) with the approximate LM state vector at touchdown.

Approximately 6 minutes after touchdown, this preloaded state vector will

be moved to working storage with a DEDA entry of 414 + 20000. This

procedure will ensure that the AGS state vector used for ascent targeting,

with an AGS lunar alignment, will provide a safe insertion orbit.

At TIG - 30 seconds, the average-g equations are initiated. The

DSKY display is changed to

VI - total velocity

TFI - time from ignition

AV M - nlagnitude of accumulated pulse integrating pendu-
lous accelerometer (PIPA) output from time of
average-g on.

After ullage (TIG - 7.5 seconds) is verified, the DPS is ARMED, and

engine on is enabled by keying PROCEED on the DSKY in response to flash-

ing NOUN(I<[) 99.

Since ullage is initiated by the LGC, failure to obtain ullage suggests

...... possible serious problems and a no-go for PDI decision is made.

4. 1.4 MCC-H Prei_nition Activities

Approximately 33 minutes prior to PDI, the LM will be acquired by

the MSFN which will track the LM, and MCC-H will initiate monitoring of

telemetry (TM) data. MCC-H will use the tracking data from revolution 13

to compute an updated LM state vector and corresponding landing site vec-

tor (RLS). These vectors will be uplinked to the LGC at about

PDI - 23 minutes.

Shortly after AOS, the line of sight from the ground tracking stations

to the LM will lie along the downrange direction. At this time, MSFN

range data will be compared with the LM state vector to determine down-

range position error. The result of this comparison will provide MCC-H

with the opportunity to assess the magnitude of the downrange orbit pertur-

bations which occurred while the LM was behind the moon.
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The descent planning table, an RTCC program, is then called by the

ground with the LM telemetry vector as input to compute the expected

descent trajectory. The LM state vector is also used to initialize the

PFP.

The RTCC enters the high-speed computational mode at 8 minutes

before PDI and computes the PGNCS, AGS, and MSFN differences. The

PFP (Lear Processor) is initiated at PDI - 4 minutes. These data are

differenced with PGNCS velocity data and displayed on strip chart record-

ers. The adequacy of the preignition telemetry data is assessed by the

ground, and the resulting decision on descent is relayed to the LM.

MCC-H will establish that PGNCS-AGS differences are acceptable

and advise the crew regarding the PGNCS and AGS status for AGS updating.

MCC-H will monitor the AGS alignment for coupling data unit (CDU) tran-

sients. If the system is functioning properly, none should occur. The

crew will be advised to repeat the alignment should a transient occur.

Depending on the real-time situation and the particular failure mode , a

degraded AGS constitutes a no-go for PDI.

4.2 PDI TO VISIBILITY PHASE ACTIVITIES

This phase includes the activities from the ignition of the DPS at

TIG to the entry of the PGNCS lunar surface visibility program P64 at

about TIG + 8 minutes 32 seconds. The powered descent maneuver starts

with a 26-second trim phase with the throttle set at I0 percent. A fixed

throttle phase (FTP) with the throttle at 92. 5 percent follows the trim

phase. Following ignition, the LM trajectory is such that after about

4 seconds of FTP, the LM is in a circular orbit with an altitude of

50, 000 feet; after about 7 seconds of FTP, the LM is in an orbit with a

perilune altitude of 0 feet.

AGS malfunctions will be evaluated by the flight director in real time.
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_ At TIG, the automatic DSKY display is changed to

V I - magnitude of inertial velocity with respect to refer-
ence coordinate system

I?{ - altitude rate

H - altitude above the lunar radius at the designated
landing site

4. g. i DPS Ignition and Performance Monitoring

The ignition algorithm in the LUMINARY Program computes TIG,

and the LGC sends the engine start signal at the designated time. (An LGC

alarm will be displayed if the engine does not ignite within 8 seconds after

the progrm_med ignition time. ) At 5 seconds after ignition, the descent

engine command override switch is turned on to prevent an inadvertent

shutdown of the DPS. If the engine does not ignite by TIG + 5 seconds, the

CDR will attempt a manual start by pressing the DPS engine command

override switch. If the DPS is started manually, the 5-second delay

enables the ground to determine if the APS has lost the redundant start

capability. If this capability is lost, the crew will be advised to abort.

If the engine does not respond to a manual start attempt, the CDR

will exit P63. If upon initial investigation the crew or ground determines

that the system fault is correctable, PDI will be attempted on the next

revolution. In this case, the ullage AV is not removed but retained and

taken into account in retargeting. If, however, the crew or ground veri-

fies that the malfunction cannot be corrected, the abort maneuver at

PDI + i2 minutes will be performed.

If the FTP is not attained after the trim phase, the crew will stop

thrusting and discontinue the descent. To accomplish a lunar landing, the

PGNCS must have the capability to throttle the DPS; therefore, manual

throttle positioning is not attempted.

The performance of the DPS is monitored by the crew periodically

observing the thrust meter, the thrust-to-weight ratio (T/W) indicator,
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and the velocity change on the DSKY. These measurements can isolate a

degraded DPS or possibly a degraded PGNCS Z-accelerorneter. In the

case of an apparent accelerometer failure, the ground will provide the

crew with subsequent action. If the thrust degrades to less than 80 per-

cent as monitored from pulse integrating pendulous accelerometer (PIPA)

counts (the commanded thrust is 100 percent), the thrust translation con-

troller assembly (TTCA) control switch is moved from the CDR to the LM

pilot (LMP) position in an attempt to correct the problem. Should this

procedure fail, an abort/stage decision must be made within I00 seconds.

The 100-second limit represents the total time the DPS engine can be

operated in the non-throttleable region (63 to 92-I/2 percent). Continued

DPS engine operation in this region may result in a catastrophic failure.

4.2.2 LGC Tar_etin_ Update

Orbital mechanics yields a relation between downrange position error

and PFP-PGNCS radial velocity residuals prior to PDI (in the ratio of

1,000 feet to i foot per second) which could be used to further update the

LM state vector. It is not possible, however, to perform a state vector

uplink during powered descent. Therefore, in order to utilize the PFP

information to improve the LGC targeting, the crew will receive a PAD of

downrange errors , stated in terms of a correction to the LGC RLS

(ARLs)**, which will be entered in the LGC with V21N69 at TIG + 2 min-

utes. (Noun 69 can also he used to input a crossrange and/or altitude cor-

rection if techniques for determining these errors are available in real

time. )

Mission rules state that if the downrange error is less than 2, 000 feet or

greater than 35, 000 feet, itwill not be sent to the crew. The Z, 000-foot

limit is based on the expected PFP accuracy, and the 35, 000-foot limit is

based on the PFP/PGNCS radial velocity abort limit discussed in the
Appendix.

The LGC targeting equations use the vector LAND as the location of the

landing site. LAND is computed as the sum of the preloaded landing site

vector, _RLS, and the N69-1oaded correction to the landing site vector,

ARES.
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4. 2_ 3 LM Attitude and Attitude Rate Monitoring

The LMP verifies that the control system and the flight director atti-

tude indicator (FDAI) displays are operating properly by comparing the

steady-state readings of the error needles on the two FDAI's while under

PGNCS control. An unexpected or prolonged error of 5 degrees on the

PGNCS error needles or attitude rates of 5 degrees per second indicates a

control system failure; in which ease, an abort on AGS will be performed.

The crew will also periodically compare navigated trajectory parameters

against the expected values as a gross check on the progress of the pow-

ered descent phase.

4. 2. 4 LR Acquisiton

If the LR altitude data-good signal has not been received by a PGNCS

indicated altitude of 10, 000 feet, the crew will abort. This limit assumes

that the PGNCS is operating satisfactorily. If the strip chart quantities

displayed in real time indicate that the PGNCS has exceeded its 3(_limits,

the minimum altitude for no LR data will be raised to 18, 000 feet. If an

- abort is required, these altitude limits provide a time margin sufficient for

the LM to safely attain a positive radial velocity (Section A-3.4).

4. 2. 5 LR Data Acceptance Checks

After calling _ (the difference between PGNCS and LR altitude) on

the DSKY, the LR updating of the PGNCS altitude is enabled if the AH has

been within limits for 10 seconds. The limits are defined in Figure 4-2

(Reference 3). If these limits have been violated for 60 seconds, an abort

will be made. The I0- and 60-second values are reasonability numbers.

The limit Lines of _ in Figure 4-2 are the maximum AH values which can

be accepted by PGNCS without the LM impacting with the lunar surface.

(The PGNCS targeting does not respect the lunar surface in aiming for the

landing site. ) The LM crew and MCC-H will verify that LR-PGNCS AH is

converging.

*
_, Specific convergence limits have not been specified. AH convergence will

be evaluated in real time by the flight director.
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" If the LR fails after having partially corrected the PGNCS altitude,

descent can be continued to high gate where the crew will make a continue-

or-abort decision. Figure 4-3 exhibits the maximum allowable _H after

a partial LR update of PGNCS altitude, as a function of time remaining to

high gate. This AH is derived by taking the root sum square (RSS) of the

altitude error due to a terrain slope with the 3a altitude rate error propa-

gated to a :resulting altitude error at high gate and subtracting this quantity

from the altitude of the APS abort boundary at high gate (Reference 4). If

LR dataare reacquired after high gate, and AH is less than i,000 feet,

descent will be continued. If LR data are not reacquired after high gate, or

if AH is greater than i,000 feet, an abort is required.

4. Z. 6 Gi_Lbal Drive Actuator (GDA) Failure Monitoring

If any one of the following thre e cues are present, the GDA's will be

switched off:

• DPS engine trim gimbal light is "ON"

• Attitude errors show an offset greater than =53degrees
f-

• Excessive RCS activity is evident

A successful mission may be flown without active GDA's for a relatively

wide range of offset errors introduced by their failure. Figure 4-4 shows

the maximum offset error angle that can be compensated by increased

RCS activity, without violating the RCS plume impingement constraints

(discussed in Section 4. 3.4) as a function of time into powered descent.

Impingement is, in general, the most limiting constraint; however, total

torque capability may also be exceeded. Therefore, if the GDA's are

turned off, MCC-H will monitor attitude rates, as well as impingement,

and advise the crew of impending constraint violations.

4.2.7 MCC-H Monitoring of PGNCS, AGS and Traieetory Performance

Following DPS engine ignition, the ground monitors tracking and

telemetry information to ensure that the PGNCS and AGS outputs and the

trajectory parameters indicate that the descent may be continued safely.

There are several primary RTCC displays used by MCC-H to determine
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the PGNCS or AGS abort criteria. Since the logic requires a great deal of

explanation and the use of several figures plus supporting graphs, the

techniques are discussed in the Appendix. (See also Reference 5.) This

will avoid loss of continuity in the sequence of events.

4.2.8 MCC-H Monitoring of DPS Commanded Thrust

Following the 26 seconds of i0 percent DPS throttle, the initial com-

manded thrust, as determined by the guidance equations, should be 160

± 10 percent. The ground has displayed commanded thrust versus horizon-

tal velocity. A typical history is presented in Figure 4-5. A proper ini-

tial value is an indication that the LGC has the correct descent targets and

is functioning properly.

Between ignition and throttledown (57 percent), the expected varia-

tion in the command thrust versus horizontal velocity function is generally

parabolic with the slope becoming steeper as the braking progresses

(Figure 4-5). Figure 4-6 is a similar plot; however, the commanded

thrust is scaled in pounds to display commanded thrust sensitivity to actual

engine thrust level. This figure shows that for low thrust cases, the

PGNCS commanded thrust will increase and possibly become cyclic,

resulting in large LM attitude excursions. This incompatibility between

PGNCS guidance and a low thrust DPS should be detectable on this display

when the actual curve begins to diverge markedly and reverse its normal

trend. A trend reversal prior to TG equals i minute 20 seconds in P63

will be cause for an abort recommendation to the crew. If a reversal

occurs after this time, the flight will be allowed to proceed into program

P64.

4. Z. 9 Throttledown Monitoring

The TFI of throttledownis predicted from Figure 4-7. The results

of Reference 6 show that the length of time from the loss of radial guid-

ance (defined as a DPS thrust level of less than 93 percent) until DPS

engine throttledown is a function of the fixed throttle point (FTP) thrust

level. By monitoring the FTP thrust, the ground can predict and notify the

crew of the TFI of throttledown. If throttledown does not occur (the
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commanded thrust is less than 57 percent) and the MCC-H confirms that

the DPS will not throttle, an abort is made. If the throttle logic has failed,

a second onboard abort cue will be the large attitude changes which occur

when the commanded thrust becomes nearly zero (approximately 40 seconds

after throttle down command).

An abort is also made if throttledown has not occurred by the nomi-

nal P63 to P64 program change time plus 15 seconds. If the DPS has not

throttled by this time, the LM will develop a positive radial rate negating

the possiblity of landing.

4.3 VISIBILITY PHASE TO TOUCHDOWN ACTIVITIES

This section discusses the descent techniques for the period begin-

ning with the entry of P64 (an approximate altitude of 7, i07 feet at

TIG + 8:32) and ending at touchdown (TIG + ll:Z6). When the TG in P63 is

62 seconds, the LGC should automatically select program P64, and the

automatic DSKY displays change to

• TR - time remaining for redesignation (TG - 10 seconds);

landing point designation (LPD) angle of the landing
site

• }_ - altitude rate

• H - altitude

The crew's checklist specifies the maximum allowable I_ as a function of

H. If the maximum I_ is exceeded, and the condition persists, an abort

is required if the CDR cannot achieve safe manual control of the LM.

4.3. i Visibility Phase Pitch Maneuver

P64 is entered with the PGNCS mode control in AUTO. A pitchover

maneuver to achieve visibility is verified by observing FDAI angles, physi-

ological cues, and the lunar surface in the forward window. In addition,

the initial P64 TG should be about Z minutes 50 seconds. As an alterna-

tive, P64 may be entered with the mode control in HOLD to allow the CDR

to perform the pitchover maneuver manually. This can reduce the

expected high AUTO pitch rate associated with the P63 to P64 program

change, and provide the CDR an opportunity to assess the LM handling

characteristics. "
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..... 4. 3.2 AGS Altitude Update

The AGS altitude is updated by the crew at an indicated PGNCS alti-

tude of 6, 000 feet. The updating of AGS reduces the AGS abort insertion

uncertainty, since the PGNCS indicated altitude includes the LR altitude

data, and is, therefore, essentially equal to the actual altitude of the LM.

4.3.3 LR Velocity Data

After the program switch, rather abrupt attitude changes may also

occur as a result of LR velocity updates. Aprogram alarm code (523)

indicates that the LR antenna did not automatically move to Position 2 fol-

lowing the pitch maneuver. If manually repositioning the antenna fails,

the CDR will key V58E PRO on the DSKY to terminate LR updating and

clear the alarm condition. If the Velocity reasonability test is failed

(flashing l_ight preceded by a steady light), a LR self check should be per-

formed. If the test failure was a result of a cross lobe lock, this action

will break lock on the radar and may result in good data. If good data

cannot be obtained, the crew may continue without the velocity update as

long as the visual assessment is adequate and the LR-PGNCS altitude dif-

ference _H has converged (Reference 7).

4. 3.4 MCC-H Propellant Adequacy and RCS Plume Impingement
Monito ring

After the LGC program has been changed from P64 to P66 by the

crew or P66 has been entered automatically, MCC-Hmonitoring will con-

centrate On :propellant adequacy and acceptability of the RCS plume

impingement.

A number of PGNCS guidance parameters are obtained by telemetry,

and a prediction based on nominal DPS performance is made for the

amount of fuel and oxidizer required to fly the remainder of the descent

trajectory. This requirement is subtracted from the measured fuel and

oxidizer still remaining (obtained from TM data) to obtain the predicted

margin at touchdown. The margins at touchdown are plotted versus time

on an analog display (Figure 4-8). Prior to high gate, while the propellant

margin is predicted as a function of horizontal velocity, the display will

be used as a general indicator of overall system performance. After high

_-_ gate, propellant margin is predicted as a function of LGC targeting and
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associated DPS thrusting characteristics. This method is more accurate,

and a zero Inargin, supported by some positive indication of an inability

to land, such as the premature appearance of the DES QTY light, will be

grounds for an abort.

The RCS plume can cause excessive temperature on the LM skin,

resulting in failure of the insulation and supporting structure. The addi-

tion of plume deflectors, however, has increased the allowable jet-on time

and has essentially eliminated impingement as an operational constraint.

The use of the deflectors has lengthened the continuous duty firing

time from i5 to 30 seconds and the 50 percent duty cycle firing time from

15 to 80 seconds. In addition, the maximum duty cycle for unlimited

operation has been increased from 2 to 15 percent (Figure 4-9). There-

fore, RCS plume impingement monitoring by MCC-H will be of vital

importance to a possible abort/stage decision only in such an extreme case

as a GDA failure.

4. 3. 5 Landin_ Site Redesi_nation
/

The DSKY displays of TR/LPD, _I, and H are monitored to ensure

that the indicated trajectory is safe and that there is adequate time for

redesignation. The prlmary use of the redesignation capability is to select

an acceptable landing site ifthe targeted site is unsafe. Redesignation

may also be used to achieve the objective of landing as near as possible to

a specified point on the lunar surface. * If the indicated landing site is not

acceptable and if the time and propellant remaining are insufficient for

redesignation; an abort is required.

Since the LGC assumes that the LM is flying over a perfectly spheri-

cal moon, the LPD line of sight will not indicate the true landing site if the

LM is flying over terrain which has a mean altitude that differs from that

of the landing site. In order to determine the true line of sight to the land-

ing site while flying over the H-2 approach terrain, the crew will mentally

add 3 degrees to the DSKY indicated LPD angle until the I_M altitude is

A primary objective of the H-2 mission is to land within a l-kilometer

radius of the targeted landing site (i.e. ,a pinpoint landing objective).
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_ below 2, 000 feet (Reference 8). A schematic diagram which demonstrates

the effect of terrain deviations on LPD accuracy is shown in Figure 4-i0.

4. 3. 6 MSFN Altitude Update

MCC-H continues monitoring the trajectory and if required** updates

the MSFN altitude with PGNCS altitude data (after PGNC$ has been updated

with the LR data).

4.3.7 Low Level Propellant Monitoring

The ground has the capability of monitoring the quantity of propellant

remaining in each of the tanks. After P64 is entered, MCC-H will

determine which set of propellant tanks indicates the lesser amount of

propellants remaining. Upon MCC-H advisement, the crew will switch

the LM propellant quantity gauge to these propellant tanks for subsequent

monitoring. However, the ground will assume the prime responsibility

for warning the crew of impending DPS fuel depletion. Using the time at

which the ground observes the DPS-propellant-level low (DES QTY) "light

on" signal***as a zero reference point, MCC-H will give voice cues to the

f crew indicating 30 and 60 seconds elapsed time, and fuel depletion. The

timing Of these cues will be biased (to account for transmission delay, fuel

usage prediction errors, and sensor errors) so that the crew will hear

"fuel depletion" when there will actually be 20 seconds of hover thrust

(6 seconds of full thrust) remaining for an immediate landing or DPS abort.

The crew may also use their event timer to count the elapsed time in

parallel with MCC-H. If the DES QTY light fails, an abort will be made

when the most critical propellant quantity gauge reads two percent.

*The 3-degree bias and the 2000-foot switch-over point are based on a

nominal descent trajectory and the present estimate of the H-2 mission
approach terrain.
#*

An operational value of (PGNCS-MSFN) altitude difference of about
300 feet is being used.

***When the low level sensor light comes on there is approximately
i14 seconds of 25 percent DPS thrust remaining.
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4. 3. 8 Final Descent Phase LM Activities

The nominal final phase of descent will be performed with the LM

under control of P66 and the visual monitoring continued. The automatic

DSKY display is

• V - (HORIZ), horizontal velocity with respect to the
landing site

• I_ - altitude rate

• H- altitude

4.4 POSTTOUCHDOWN PHASE

This section includes the activities from touchdown to the entry of

P68 (touchdown plus about 5 minutes) (Reference 2).

Immediately at touchdown, the Engine Stop button is depressed. The

LM attitude and attitude rates are monitored closely in pitch, roll, and yaw

for cues which would indicate that tipover is imminent; in which case, the

crew would abort/stage. Once the LM is stabilized on the lunar surface, the

RCS thruster firing is inhibited by keying PRO on the DSKY to zero attitude

errors. In addition, the Descent Engine Command Override and the Engine

Arm switches are set to OFF, and the PGNCS mode control switch is set to

ATT HOED. The crew will then make a DEDA entry of 413 + I0000 which

performs the following:

a) Stores the AGS azimuth for possible future lunar

align

b) Sets the abort electronics assembly AEA) lunar

surface signal

c) Sets AGS attitude errors to zero

d) Inhibits AGS accelerometer calibration

e) Stops AGS acceleration measurement

At this time the LGC is still at a point in P66 waiting for another

DSKY entry. The crew can abort/stage at any time prior to P66 program

exit (which occurs at approximately PDI + 15 minutes) using the APS abort

program P71. If a no-stay decision is reached after program exit, the next

lift-off opportunity will occur at PDI + Z0 minutes, 45 seconds. _
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DELTA LPD ANGLE

2

I

(_ LGC TARGETED

MESA LANDING SITE LUNAR SURFACE

TRUE LUNAR SURFACE I ............ ASSUMED BY

L
LGC

_a

'_ N DESIRED UNBIASED

LANDING LPD INDICATED
SITE

............... , i _ LANDING SITE
TRUE LUNAR SURFACE _' _'

UNNECESSARY "REDESIGNATION
INDICATED WHEN UNBIASED
LPD ANGLE IS USED

Figure 4-10. Lunar Terrain Effects on LPD Angle



If a decision is given by MCC-H for the crew to stay, the crew will

perform the following postlanding operations:

a) Turn off the LR.

b) Make a DEDA entry of 414 + 20000. This loads tar-

geted landing site data, which was entered via the
DEDA at about PDI - 5 minutes, into the AGS LM
state vector locations.

c) Enter AGS lunar align via DEDA entry 400 + 40000.
Note that lunar align may be exited in 30 seconds

with a 95 percent reduction in the initial alignment
errors.

d) Call the Landing Confirmation Program (P68).

P68 terminates the landing programs and initializes the LGC for

lunar surface operation. P68 performs the following functions:

a) Zeros attitude errors

b) Terminates average-g integration

c) Resets abort enable flag for use by the abort discretes

monitor routine (RII) and the APS Abort Program
(P71)

d) Sets the lunar surface and APS flags

e) Stores present position vector (RLs) in lunar fixedcoordinates

f) Displays the LGC calculated RLS coordinates (latitude,

longitude, altitude)

MCC-H will monitor the LM activity during this period and advise

the LM of their stay/no-stay status.
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f-. 5. LUNAR DESCENT ACTIVITIES FLOW CHARTS

The following flow charts present the approved procedures to be

followed for the guidance and control sequence of events, the data flow,

and the real-time decision logic for the descent phase of the lunar landing

mission.

s
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CDR LMP I'ICC-H

YIG-27 MIN I CALL P63 I

LGC TARGETING VERIFICATION

_ ,oGO

I FOR PDI

DELAY FOR
ONE REV

I CONTINUE I

I EXIT P63 I

bPLINK REV 13 STATE VECTOR AND RLS
TIG-23 MIN

(1) ABORT DECISIONS BETWEEN AOS AND PDI
WILL BE EXECUTED AT PDI+I2 MINUTES



•\ .\/

CDR LMP MDC_H

PNE-PDI i ....

i

VERIFY COMMUNICATIONS (I) LM/TM PREIGNITION VERIFICATION (1}

IANTENNA MATALLY _LGOy (2)_0_P_

CONTINUE(1) CONTINUOUS PROCEDURE
BEGINIIIFIG/'_lAOS

(2) IF GN&E SYSTE_IOPERA31ON |
CAN BE VERIFIED WITROUI
HBR DATA, PDI NEED IIOT
BE DELAYED•



CON LMP MCC-H

ESTABLISH LM CONTROL:

II THROTTLE TOAUTO } MONITOR T/M PIPA DATA I {I)
THROTTLE POSITIONS TO I0%

3) PGNCS MODE SELECT TO AUTO !
GUIDANCE CONTROL SNITCH TO PGNCS

1 THROTTLE SELECT SWITCH TO CDR LM STATE VERIFICATION (2)&
AGO MODE CONTROL TO AUTO (l) l

;I CDR AND LNP TTCA TOTHRUSTposITION I l

I
CALL LM DESCENT PLAN

TABLE WITH MOFN I I

STATE VECTOR

I DONTINUBI J
TIG-IO MIN I V47 AGO INITIALIZATION "I

WITH NOMINALSBASED ON
ANCHOR VECTOR

TIG-8 MIN CALL PB3 I RTCC IN

I HIGH SPEED MODE: SET

UP PGNCS, AGO, RR,
MSFN DIFFERENCES
USING AEG

(1) CONTINUAE PROCEDURE I

(2) OPTIONAL PROCEDURE. I

PERFORMED ONLY IF INITIALIZE POWERED FLIGHT I TIG-4 E%IN

LATEST STATE VECTOR PROCESSOR
CANNOT BE UPLINKED

(3) REV 13 STATE VECTOR I
DAN DE COMPARED WITH LGC STATE

IVECTOR WHICH WAS BASED UPON REV 12
TRACKING DATA• THESE SHOULD AGREE

WITHIN REASONABLE LIMITS.
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CDR LMP MCC*H

I

DVISG CREW:

CDU TRANSIENTS.

LF1 ADVISE CREW
I

1
SET INSTRUMENT SW_PCHES:

II TAPE METER MODE SELECTTO AGS
2} RANGE-ALTITUDE MONITOR SWITCHES TO H,
3) LOS RATE, ERROR MONITOR SWITCH TO LR/COMPUTER FOR

CROSSPOiNTERS ON AGS, SET MULTIPLIER SWITCH TO
HIGH NOTE

4) CDR FDAI TO PGNCS
S) LMP FDAI TO AGS •CURRENT VALUE BASED ON

6) SETATTITUDE ERROR SWITCH TO PGNCS GYR0 REDLINE VALUES

mRESPONSIBILITY G&CD

• DATE AVAILABLE JUNE 27, 1969

° REFFRBNCE 9
(I) AGS DRIFT RATE AT WHICH

AGS IS NOT USEFUL FOR
DESCENT ABORTS

PITCH = 2.0 DBG/HR
ROLL - 2.0 DEG/HR
YAW = 2.0 DEG/HR

(2) DECISION DEPENDS ON FLIGHT
DIRECTOR'S EVALUATION OF
TOTAL SYSTEM OPERATION



CDR LMP MGO-H

I

TIG - 35 SEC DSKY DISPLAYS ARE BLANKED FOR 5 SEC I
I

i

TIG-3O SEC. AVERAGE g IS ON AND 1
THE DSKY DISPLAY IS VI, TFI, AND aVM I

ULLAGE VERIFICATION I

' 1
NO GO FOR PDI,

DELAY ONE REV
OR PERFORM PDI12 MIN ABORT

L_
I

[CONTINUE ]

1
TIG-5 SECCARM DPS
KEY PROCEED TO
ENABLE ENGINE ON

/ /



i 1

CDR LMP MCC-H

1

i 1

NO COMMAND OVERRFD

SW]TC H J PERFORM CHECKS I

TO ISOLATE FAULT

YES ISE CREW

AT _/FI : S SEC: TURN ON YES

+ 26 SEC i; YES

T_G _ "0 _ .oGOFORRD,,

CMD = 6

DELAy FOR ONE REV :E _0%
OR PDI + 12MIN
ABORT

AFTER SECOND CUE,

l CONTINUE I YES SUCH AS

I II  RESRCONTINUE CREW ABORT l

NOTE

NOTE

• CURRENT VALUE BASED ON

NOMINAL LGC PERFORMANCE

• RESPONSIBILITY MPAD

(_) S SECONDS OF DATA REQUIRED
TO DETERMINE IF APS HAS LOST

• DATE AVAILABLE MAY I , _969 REDUNOANT START CAPABILITY

• REFERENCE 10



CDR LMP MCC-H

ENGINE FTP _ VERIFICATION (PERIODIC)

i

N_ THRUST METER l

FAILURE

NO NO _AcNSFERRTToCA ENGINE PEP MON,TORING (PERIODIC1

?

I

00 N INUE CONFIRM
WITH

A_O_TA_R_o,_S 9EEN
REGION FOR 100 SEC

RT

_i_i_',_°_o_ _o_
J J • CURRENT VALUE BASED ON

CONTINUP _ ANALYSIS 0P DPS

NOTE
• RESPONSIBILITY GAEC

• DATE AVAILABLE 10 APRIL 1969

• REFERENCE 11

I I



CDR LMP MCC-H . -

FI GNcsATTTuDEvE Fc TON'±
( i PEREO_EUCONI_NuALLYDURING I

I PROLONGED

MISSIONPHASE ERRORS•
ATT. RATES• 5 DEG/SEC

CONFI_ED

NO

S-BAND VERIFICATION I

_ NO

NO

DOWNRANGE TIG + R MINUTES
TIG + 2 MINUTES ENTERt_RLSWITHN69 m POSITIONpAD



MCL _- I __ i

R ALTITUDE DATA SE[:

LR ALTITUDE
DAIA GOoD tOGlr

[)I_I'AG[ 5 II y_.s Y[.S

F,S l

PREPARL b_)WNRANC_EpDSITlrlrl

PAL) {_RtS) gASE_ OR pFp(p, I(
VA UA E _ o , ,

,_WNRAN(_ " Lj]AL ,ELflC]Iy RESIDUAL
_OSITI0h YES

....... ]  ER OR
IIESCENT MON [TON ING

/LIMITS \
RADIAL ' TO FPS \
DOWNRANGE

_IONlTON IN(_ MSFN/PGNCS CONF3DENCE
IN AGS

DOWNRAtCGE • 30 NO

CROSSRAN(:[ AGS/PGNCS
i'OwlTGRING _ CROSSRASGE CROSSRANGE CROSSRANGE ALTITUDE

R_SIDUAL RESIDUAL • 10,000 FT

PIICH POSSIBLE IMU MISALIG_NT
MISALIGNMENT OR MSFN DOWN_NGE
MONIT(,R;hG PDSITION ERRORr_O TRAJECIORY ALTITUDE

YES

_TA

"rE0 t
CROSSRANGE ArID PFP/PG;IES MSfN/AGS _DIAL ALTITUDEpGNCSRESIDUAL MSFN/PGNCS TRENDS RESIDUAL <35 FPS

rlo

CON]INU_ MONITORING

_GNCS

NO • I!J,O00 _NGE RATERESIDUAL

I AgORT
PGrlCS



CI}R LMP rICC-H

LR ALTITUDE DATA GOOD [ I

" Ioo

LId.tIT= 1OK FEET

[CONTINUE J _'(_T_!I!IQ!_!IETNOTEI I ABORT ]

(1) ASSESSMENT BASED ON STRIP CHART
LIMIT LINES

NOTE

• CURRENT VALUE BASED ON:INDICATE;
ALTITUDE ERRORS FROM 30 PBNES
AND POTENTIALLY DEGRADED PGRCS

• RESPONSIBILITY: MPAD

DATE AVAILABLE: JULY 16, 1969

REPEREr_CE: 3



CDR LMP BOC-H

I LR DATA ACCEPTANCE DECISION I

SELECT PGNCS
ON TM

+
I CALL DSKY DISPLAY I

RG, TG + AND AH

1" _..

1VES_, 1'ES
_' I +++++_II ITOO+ATEPGNGS ADO,T

I (I_SEEEIGURE4-2(_ SUOS+ENT_RPAILORESREEOREANAOE+ATEPGNCS

ALTITUDE UPDATE WILL RESULT IN AN ABORT DECISIONI CONTINUE (SEE FIGURE 4-3)

I I +-++++++_IVERIFICATION & MONITORING

I _I ADVISE CREW IF

_I I DIVERGENCE IS DUE

TO SYETE)ISMALFUNCTION-
ABORT MAY BE REQUIRED

MCC-H
DIRECTION

,,+ i iDISPLAY AND

CONTINUE CONTINUE (3) EVALUATED BY FLIGHT DIRECTOR
IN REAL TIME



/

COR LMP MCC-H DPS ENGINE TRIM GIMBAL MONITORING

ORS ENGINE TRIM GIMBAL VERIFIGATIOH _ 1 1
(CONTINUAL PROCEDURE) (CONTINUAL PROCEDURE)

ARE I
ANY OF THE | SWITCHED OFF

FOLLOWING CUES
PRESENT

A. DPS ENGINE TRIM GIMBAL

LIGHT ON I

AI_ITUDE ERRORS INDICATE

AN OFFSET OF ABOUT + 3 YES |
DEG

C. IS THERE A DEFINITE

UNEXPECTED INCREASE I

I CONTINO

I ADVISE CREI/:

A) OF IMPENDING FAILURE
• RCS PLUME IMPINGEMENT
• EXCESSIVE M(W4ENTS

(ATTITUDE RATES)

I B) ABORT OR ANORI"STAGE

[ooINGE]I
(.ll l ABORT OR NO
I ABORT/STAGE

I_0 OH ADVICEOF MCC-H

YES

CONTINUE J



CDR LMP MCC-H

/
CO_,_MAND THRUST MONITORING _ (CONTINUAL PROCEGURE)

JMONITORVAR,ATIONOE I
CO_MANDSDT_ROSTVERS_E
HORIZONTAL VELOCITY ABORT

YES

J CONTINUE]  ONIT ACT,VITIES-MONITORING CREW WILL ABORT
ACTIVITY IF THROTTLE DOWN

DOES NOT OCCUR BY

U'I ?64 SWITCH PLUS
I 15 SEC

Z

!/

RECEIVE TFI AT WHICH J VOICE DETERMINE TFI AT WHICH J• THROTTLE DOWN IS EXPECTED

THROTTLE DOWN IS EXPECTED J AND ADVISE CREW NOTEI

ROTE

• CURRENT VALUE BASED ON
ERPECTEDTHROTTLE
DOWN TIME FROM FIGURE 4,7

• RESPONSIBILITY HPAO

(1) SEE FIGURE 4.6
• DATE AVAILABLE 5 JUNE 1969

• REFERENCE 6



CDR LMP MCC-H . ,

TIG + 06:36 I I
THROTTLEDOWIIVERIFICATION (I)

L

,,^
,_u DrlDSKY TO _ NO Lb_ _KUbKAM

GET A TG TRRcMD< 57,, SWITCHEDTO PO4 NOTE

* CURRENT VALUE BASED ON

Y ES

• RESPONSIBILITY _AD

NFIRM_ l

_'_ l TIOR THAT DPS WILL JFAILED j _40T TIIROTTLE • DATE AVAILABLE MAy 6, 1969

NO • REFERENCE 12

THROTTLC LOGIC SIHCE REQUEST
> 40 SEC

YES YES

i{_ 'IF THROTTLE LOGIC FAILED, I

OCCUR WHE_J THRcMD : 0

LARGE ATTITUDE CHANGES WILL H_5

M IHROTTLE DOWN
0 OCCURRED W;THIN 15 SEC

I" AFT_C_RAM

J CO,T,NDE [ ADORTJ "
NOTE

THROTTLE DOWNMONITORING (I)

(1) OCT[RHINE EXPECTED THROTTLE

DOWNTIME FROMFIGURE 4.7 THRDTTLE j

HORIZONTALVELOCITY, ETC, OCCURRED
(3) SEE LGC PROGRAMSWITCH

VERIFICATION LOGIC

L_T_C YES

_0TS._..__ -- K;



PROBRAM SWITCH FROM P63 to P64

DDR LMP MCC-H

TIG _ 08:32 I LGC PROGRAI_SWITCH VERIFICATION I (VISIBILITY PHASE)

_I _ CREW GEDISION:

P64 PROGRAM A'FTEMPTMANUAL
MALFUNCTION LANDING OR

ABORT

(2)

KEY DSKY RELEASE I

TO RESTORE
AUTOMATIC DISPLAY

(IF DISPLAY IS ROT IF PRDGRAM CHANGE
PRESENT) TO P64 HAS ROT

I OCCURRED BY TG=58

SEC IN P63 ADVISE
CREW: ABORT

I I ___j
u_

I I t_NITOR AGS I

UPDATE AGS ALTITUDE ALTITUDE UPDATEAT 6000 FT

(I) !20 SEC" 3o

(2) THRcMD VARIATIONS SHOULDBE
CONTINUOUSAND NOT CYCLIC.



\

PROGRAM SWITCH TO PE4 (VISIBILITY PHASE) ....

TIG + 08:32 CDR LMP MCC-N

LR REPOSITIONiNG 1 VERIFICATION I

t

.PROGP__MALARM YES I MANUALLY REPOSITION ]

I ANTENNA 1
ANTENHA DID NOT MOVE

TO POSITION 2

NO

CONTINUE

I KEY V5OE AND

PROCEED TO TERMINATE
LR UPDATING AND CLEAR
THE ALAP_.

z_

NOTE

NOTE

o CURRENT VALUE BASED ON

PROGRAM CHANGE

• RESPONSIBILITY MIT

• DATE AVAILABLE: JULY II, 1969

• REFERENCE: 13



CDR LMP MCC-H

PROPELLANT QUANTITY , V_RIFICATiON ICONTINUAL PROCEDURE)

i

I AOVISECREWWE_,CHi
PROPELLANTTANMTO
DISPLAY I

1

BECONDCUE

I CONTINUE

POS_ HIGH GATE LR BNECR
t.n
I

NO

NO YES

_ YES

MOTE

• CURRENTVALUE BASED ON:

[ ] l J MISSION RULES

CONTINUE ABORT

• RESPONSIBILITY: FCD

NOTE •DATE AVAILABLE: 10 SEPTEMBER

"l 1969

• REFERENCE: 14



C_ LR DATA GOOD VERIFICATION LMP MCC-H

(CONTIN_L PROCEDURE)

RCS PL_E IMPI_EME_ _NIT_I_

(CONTINUAL PROCEDURE)

I
FAIL LIGHTS MS

FLAS,r,G I

I COMPARE TOTAL I

FIRI_S OF THE RCS JETS ]ij ON RTCC DIGITAL DISPLAY
A_INST THEIR LIHITS

CYCLE RA_R TEST A_RT STAGE
(l} SWITCH TO FORCE

T_GKER S_RCH

i I

CO_INUE I

YES

_TE

CONTINUE ] _ _TE

• CURRENT VALUE BASED ON
FIGURE 4.9

J AB • RESIN SID_LITY _EC

J _NUAL TAKEOVER sREFERENCE 15

I (1) PERFO_ INP64 ONLY



CDR 124P MCC-B

TRAJECTORYMONITORING

PGNCSBEEN
BY

LANDING SITE VLRIF]CATION LR
?

NO

(
LAJ_DING UPDATEMSFN ADVISE CREWTO

SITE ALTITUDE WITH (2) ABORT IF SAFE
VISIBLE MANUALTAKEOVER

? BY LB AS REQUIRED IS NOT ANTICIPATEDBY COB

L-
(3)

CAN
LANDING REDESIGNATION

_ SITE POSITION CORRECT TO DESIRED SITEWITH RESPECT TO BE MADE
?

REDESIGRATION
BE MADETO ACCEPTABLE

NO LANDIN_ SITE

I CONTINUE I __

PROGRAM WILL CHANGE ] w

IN BO SECONDS.
PREPAREFOR MANUAL
CONTROLTAKEOVER

(I) LANDING SITE VISIBILITY SHOULD
OCCUR BEFORE P64+60 SEC,

(2) AT PRESENT AN OPERATIONAL
VALUE OF 300 FT IS BEING
USED

(S) LIMIT : DPS 20 GEC ABORT LINE

i (SEE FIGURE A-3)

i
/
/



CDR LMP MCC-H

TRAJECTORY VISUAL CHECK i

I CONTINUE i

LTI

I

bO

MONITOR A AND H FOR SAFETY OF FLIGHT ]

ESTIMATE TIME THAT
PROPELLANT LOW LEVEL
LIGHT IS EXPECTED TO
COME ON



CDR LMP MCC-H

LOW PROPELLANT LEVEL ASSESSMENT

NO

(I) 1 ADVISE CREW I
AT 20 SECONDS TO ABORT
SSR CALLS '30 SEC'

AT 50 SECONDS
SSR CALLS 6Q'SEC'

I

L_q q

LAND AT 83 SECONDS,
IMMEDIATELY I VOICE SSR CALLS

OR ABORT (2) 'FUEL DEPLETION'

t N0TE

PUSH ENGINE
OFF AND DISARM
DPS WHEN LUNAR
CONTACT LIGHT
COMES ON NOTE

• CURRENT VALUE BASED ON

NEW PROCEDURES

• RESPONSfBILIT¥ MPAD

°DAIZ AVAILABLE JULY 7, 1969

• REFERENCE 16

(I) TIME SINCE OBSERVING LOW LEVEL LIGHT INCLUDES
DELAY FROM L_ TO MCC-H

(2) ONLY 20 SECONDS REMAININ(_AT 25% THRUST LEVEL.



CDR LMP MCC-H

T = 0 (PDI + II MIN30 SEC) TOUCHDOWN I

TILT OVER ABORT DECISION I

ATTITUDE I

RATES= ABORT
ZERO STAGE

?

YES

IS
MAGNITUDE HAS VOICE

OF Y < 60: COMMUNICATIONS
R < IS_ WITH MCC-H

?

fES i

DECISION:

IS LM ATTITUDE MONITOR PGNCS
STABLE GIMBP_ANGLES AND

_ AGE DIRECTIONCOSINES TO

NO EVALUATE TILT

REPORTS
TOTAL TILT

ANGLE
30+

CONTINUE ABORT
STAGE • CURRENT VALUE BASED ON

TILT OVER LIMIT

• RESPONSIBILITY GAEC

ROTE
• DATE 24 JUNE 1969

• REFERENCE 17

LM STABLE ON LUNAR SURFACE



CDR LMR MCC-H

J
I HEY PROEEED TO 1

STDP RCS T!RIRD

I

l PERFORM SYSTEM STATUS CHECKS DURING THE FIRST2 TO 3 MIN AFTERTOUCHDOWN l|
I

FIRST STAY OR NO J
STAY DECISION L(STAY ON SURFACE1

I i ABOR,STAGE-

LIFT-OFF BEFORE

PDI+I S NIN

NOTIFY CREW

TO REMAIN ON
LUNAR SURFACE
FOR ANOTHER 5

L._ MIN
R

'I'."
--..It.

FIRSTDECISION IS TO STAY (UNTIL PD]+RO 3/4 MIN

B MIN J

STAY - CREW PERFORMS POSTLANDING CHECKLIST

1 V-|

KEY IN P68 TO: J CONDITION AGS

• END AVERAGE G [ FORLUNAR STAY
• END ABORT MONITOR
• SET LUNAR SURFACE

FLAG
• DISPLAY LATITUDE

LONGITUDE , ALTITUDE
• STORE LM ATTITUDE
• STORE RLS IN MOON-

FIXED COORDINATES

J ,

/



APPENDIX

MICC-H MONITORING OF PGNCS, AGS, AN]-)
TRAJECTORY PERFORMANCE

The present philosophy of ground descent monitoring is to abort

when the monitored parameters indicate that the PGNCS has degraded to

a point where if an abort was required the LM could not achieve an orbit

with a pericynthion altitude greater than 30, 000 feet.

The displays used to monitor descent are discussed first. The

monitoring procedures shown in the flows (Page 5-i0) are then discussed.

These flows show how the ground can monitor descent and draw conclusions

as to the status of _,:he onboard systems.

A-I DISPLAYS USED TO MONITOR DESCIENT

The primary sources of data to detect and isolate a degraded system
are:

/

• Velocity component differences using data from the PFP,
PGNCS, and AGS versus elapsed time.

• MSFN range rate minus the PGNCS and AGS range rate
versus elapsed time.

Some additional ground displays that may be used to verify the
degraded system are:

• Altitude versus altitude rate

• Commanded thrust versus horizontal velocity

• Fuel margin display

Discussed in Section 4

A-1



A-2 DESCRIPTION OF DISPLAYS

• Velocitydifferences

The velocity component differences displayed are
PGNCS/AGS and PFP/PGNCS. The PFP data are

generated using the Kalman filter techniques. These
data are displayed on strip charts and/or digitally.

Figures A- i and A-Z exhibit the nominal, :k3o, and
action lines.

• MSFN_ PGNCS, and AGS range rate residuals

versus elapsed time

This display is to demonstrate the integrity of the
PGNCS and AGS by comparing the MSFN range rate

with the range rate computed using telemetry data.
These data are used to confirm decisions

using PFP data. These data are on digital displays

and analog displays (main plot board).

• Altitude versus altitude rate

This display evaluates the descendibility under

PGNCS guidance and can be driven with various
data sources (PGNCS, AGS, PFP). This display

is theoretically useful to determine crew safety.

Figure A-3 shows the nominal and ! 3<_ curves.
for the PGNCS altitude (H) and altitude rate (H).
Reference 3 concludes that _:6oPGNCS values are

allowable if radar velocity update occurs; thus,

the limits can expand to cover a major portion

of the figure.

A-3 DISCUSSION OF GROUND MONITORING PROCEDURES

The flow diagram on Page 5-i0 presents the basic velocity residual

nlonitoring procedures and the recommended flight limits for the powered

descent mission phase. The powered descent monitoring basically com-

pares the PGNCS, AGS, and MSFN velocity vectors to determine the status

for continuing the powered descent. In addition to the velocity residual

monitoring, the flows also include a definition of the minimum altitude, as

defined by the PGNCS, that should be permitted without landing radar alti-

tude updating. The discussion of powered descent monitoring includes the

The major part of this discussion is excerpted from Reference 18 -.

"_"Discussed in Section 4. Z. 4

A-2
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Figure A-la. AGS/PGNCS Velocity l_esiduals (Downrange)
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Figure A-lb. AGS/PGNCS Velocity Residuals (Crossrange)
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following topics:

• Downrange position evaluation

• Inplane monitoring

• Crossrange monitoring

• Pitch misalignment monitoring

• Crossrange misalignment monitoring

A-3. I Downrange Position Evaluation

After high speed data becomes available, just prior to PDI, the

PFP/PGNCS radial velocity residual and the MSFN/PGNCS and MSFN/AGS

range position error exists. The error so determined from the PFP/

PGNCS residual will be incorporated in the LGC targeting update (AREs)

discussed in Section 4. 2. 2.

A- 3. 2 Inplane Monitoring

The inplane velocity residual monitoring utilizes AGS/PGNCS differ-

ences to indicate when a potential problem exists. The PFP/PGNCS

inplane residuals (downrange and radial) are used to isolate the errant sys-

tem (i.e., the AGS or PGNCS). The limits for the AGS/PGNCS compari-

son and PFP/PGNCS comparison for errant system isolation is I0 feet per

second either in the radial or the downrange direction. This limit for the

AGS/PGNCS comparison is based upon 3 cysystems performance at the

point that LR velocity updating normally starts. If the AGS is the errant

system, the powered descent is continued.

If the PGNCS is the errant system, additional checks are made.

First, the PFP/PGNCS velocity residuals are compared to flight limits

of 35 feet per second and 30 feet per second in the radial and downrange

directions, respectively. If these limits are exceeded, the trend and mag-

nitude of the AGS/PGNCS velocity residuals and the MSIVN/PGNCS A _ are

evaluated to develop confidence in the PFP/PGNCS indication of an abort

situation. The flow logic defines the AGS/PGNCS velocity residual limits

to be the same as for the PFP/PGNCS limits. These AGS/PGNCS limits
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are not defined as hard limits for aborting but as approximate AGS/PGNCS

velocity residuals required to substantiate PFP/PGNCS residuals. If the

AGS/PGNCS trends and the MSFN/PGNCS _ trends substantiate the PFP

indication of a PGNCS problem, and if the PFP/PGNCS flight limits are

exceeded, an abort is required.

In the event that the PFP is determined to be unsatisfactory for

raonitoring, the abort should be called based on the AGS/PGNCS flight

limits of 35 feet per second and 30 feet per second in the radial and down-

range directions, respectively, provided the MSFN/PGNCS z_ verifies that

the PGNCS is the errant system. The value of MSFN/PGNCS A_ that indi-

cates a PGNCS problem is based on the growth of this residual from PDI.

A growth of about I0 feet per second indicates a PGNCS problem. Use of

the growth rather than an absolute value is necessary since the error in

MSFN range rate resulting from a 3_ downrange position error is large

compared to the value of this residual that results from PGNCS anomalies.

Once an abort is determined to be necessary, all other data available

will be used to confirm confidence in the AGS. If the AGS performance is

good, the abort will be performed on AGS, otherwise, on PGNCS.

For low trajectories, the 35-foot-per-second flight limit is adequate

until about 420 seconds into the powered descent or until the PGNCS altitude

is i8,000 feet. Beyond this point in powered descent, the 35-foot-per-

second limit is not adequate to protect the abort capability without LR alti-

tude updating. This is not a problem of crashing into the surface while

attempting to initiate an abort, but rather a problem of achieving an orbit

with a safe pericynthion. Thus, it is a critical problem that must be pro-

tected. To do so, it is necessary to use a combination of a velocity limit

and a time into powered descent (or PGNCS altitude) without LR altitude

updating. Since this abort is called by the ground, it is necessary to

account for a 20-second-time delay in executing the abort. Thus, the

abort without ER altitude updating must be called by 400 seconds into pow-

ered descent or at a PGNCS altitude of 22, 000 feet if the actual trajectory

is low. If the trajectory is high, it is safe to continue to a i0, 000-foot-

PGNCS altitude provided there are no problems.

A-11



A-3. 3 Crossrange Monitoring

Crossrange monitoring is quite similar to the inplane monitoring.

There are two differences however. One is that the MSFN/PGNCS A_

data cannot_be used to isolate the errant system. The other is that the

crossrange flight limit is based upon an impending PGNCS accelerometer

failure rather than minimum pericynthion altitude or minimum altitude dur-

ing an abort.

Since the crossrange monitoring is not as critical as the inplane

monitoring, a 60 AGS/PGNCS crossrange velocity residual is used to indi-

cate a potential problem. The AGS/PGNCS and PFP/PGNCS crossrange

velocity residuals that indicate a PGNCS problem are each Z0 feet per sec-

ond. The PFP/PGNCS and AGS/PGNCS flight limits are 90 feet per sec-

ond. Here again, the AGS/PGNCS flight limit is not a hard limit but is

used as an approximate magnitude that will, along with the trends, verify

the PFP/PGNCS performance. The abort is called based upon the

PFP/PGNCS crossrange velocity residual.

A-3.4 Pitch Misalignrnent Monitoring

Since the AGS attitude reference system is aligned to the PGNCS

attitude reference system prior to PDI, a misalignment will affect both

systems similarly and will not show up as an AGS/PGNCS velocity resi-

dual. Therefore, the PFP/PGNCS radial velocity residual, or, if the PFP

is not performing properly, the MSFN/PGNCS A_ is used to determine a

possible pitch misalignrnent problem. A residual of 20 feet per second in

either parameter is an indication of a possible misalignment, or since

downrange position errors show up as radial velocity errors, this residual

could indicate a possible downrange position error at PDI. If the problem

is a misalignment, the residuals will tend to grow with time. If the pro-

blem is a downrange position error, the residuals will remain almost

constant, with a small growth with time. A final possibility is that the

PFP/PGNCS radial velocity residual results from a PFP problem.

Problems with the PFP are determined by monitoring the trends of

the MSFN/PGNCS and MSFN/AGS A_ and by monitoring the trends of the

PFP/PGNCS radial velocity residual and MSFN/PGNCS A_. For example, -_
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if the MSFN/PGNCS and MSFN/AGS A_ are consistent (i.e., the same

trend), and if the PFP/PGNCS radial velocity residual and MSFN/PGNCS

A_ trends are opposite, then the problem is probably not in the PFP. In

this case the problem may be either a pitch misalignment or a downrange

position error.

If it is confirmed that there is either a pitch misalignment or a down-

range position error large enough to result in a PGNCS/PFP radial velocity

residual of 35 feet per second, and if this is confirmed with a MSFN/PGNCS

A_ of about 30 feet per second, a PGNCS abort is called. If the IDFP is

inoperative, the abort is called based on a MSFN/PGNCS _ of 30 feet per

second.

If there is a PFP/PGNCS velocity residual but the residual is between

20 feet per second and the 35 foot-per-second flight limit, the minimum

PGNCS altitude is limited to 18,000 feet without LR altitude data if the actual

trajectory is low compared to the PGNCS trajectory. Since this situation is

not as critical as that caused by a radial accelerorneter problem, it is

sufficient to call this abort from the ground without biasing for the 20-

z second-time delay. If the trajectory is actually high relative to the PGNCS

trajectory, it is satisfactory to proceed to a PGNCS indicated altitude of

i0, 000 feet without LR altitude updating.

A-3. 5 Crossrange Misalignment

Neither the MSFN range rate data nor the AGS data can be used to

detect and isolate crossrange misalignment problems. In this case, an

abort is based upon the PFP/PGNCS crossrange velocity residual provided

the inplane performance of the PFP is considered satisfactory (i.e., the

AGS/PGNCS inplane residuals are consistent). The flight limit for this

case is based upon gyro drift rate at the impending failure limit propagated

from the time of IMU alignment. This limit is 200 feet per second.
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