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1. INTRODUCTION

AE Purpose and Scope

The Preliminary Skeletal Operations Plan is a
statement of the operational concept for Apollo. This draft
contains a description of the conduct of the Apollo LOR
landing mission and a mission profile. It provides the
basls for more detailed mission planning, for generating
functional criteria for equipment design, and for measuring
the adequacy of the current Apollo hardware for satisfying
operational needs.

It is recognized that the operations described in this
preliminary document may differ from concepts now in use in
parts of the Apollo program, and may not be completely
compatible with the current equipment desigh. In order to
identify any such differences and their significance, this
documen® will be reviewed with the major NASA organizations
in the first few months after its issuance. After this review,
a new draft will be prepared and studies instituted to resolve
the major problem areas that are developed during the review.

The operations described in this document are based on
the Apollo System Specification (M-DM 8000,001), Ideas that
are developed during the above review will be measured against
the Apollo System Specification, and in accordance with the
dynamic nature of this Specification, the ideas will be
reflected in changes to the Specification that are found
to be feasible and worthwhile.

System characteristics or quantities which are
significant to operational planning, but are tentative or
unknown at this time, are enclosed in brackets [" _7.



1.2 Command and Control Guide Lines

Mission operations as outlined will conform at all times
to the following basic guide lines for command and control.
Specific rules and constraints governing trajectories, timing,
andé performance requirements are included, where appropriate,

in later sections of this document.

1.2.1 Command

Authority and responsibility for setting or altering
mission objectives and for making majJor commitment decislions
rests with the Operations Director throughout the mission,

For reasons of efficiency, timeliness of aetion, or discontinuity
of communications, limited command authority may be predelegated
to other personnel. Buch delegations and the corresponding
assignments of responsibility to subordinates are defined

in Section 2.

The criterion for continuing the nominal mission profile
shell be that critical systems are functioning within acceptable
limits. The criterion for modifying the nominal mission profile
shall be that the out-of-tolerance performances of one or more
system functions prevents the execution of the nominal mission
profile but does not require the expeditious return of the
space vehicle to earth. The criterion for abort shall te
thet the out-of-tolerance performance of one or more system
furnctions requires the expeditious return of the space wvehicle
to earth.

Major commitment events will not be initiated without
prior concurrzsnce of the Operations Director.

The Flight Crew Commander has delegated authority to
abbreviate the mission for reasons of crew safety i1n emergencies
if the system response ftime or comminication limitations pre-
clude the obtailning of prior authorization. The Flight Crew
shzll not accespt, for purposes of mission success, risks
greater than those inherent in the nominal mission profile
without direct approval of the Operations Director or the
Flight Director,.



1.8-2 Contrdl

Evaluation of system performance through monitoring and
scheduled checkout, and determination of guidance parameters
and operations schedules are joint responsibilities of the
spacecraft crew and ground operations personnel. Selection
of modes and configurations, and adjustment of operating
controls are the responsibility of the local operators.

Control systems will be designhed to reduce the nominal
work-load of the crew when this reduction increases crew
efficiency, effectiveness or overall probability of mission
SBuceess.

All foreseeable control actions will be translated
into standard operating procedures that have been validated
by previous missions or by simulation and training exercises
in preparation for the mission. Such procedures will be
included in the mission control documents - i.e., handbooks,
countdown specifications, checkoff lists, mission plans and
rules and computer control data retrieval system reference
il es,

a3 Mission Phases and Commitment Deqisions

The mission profile as defined in paragraph 3.2 of
the Apollo System Specification involves human decisions and
control actions which are described in this document. The
gross mission phases used in this document are defined in
Pigure 1. The related decisions which require formal con-
currence or coordination before proceeding with nominal
commitment action and significant mission events are related
to these phases. The essential decision capabilities and
responsibilities and control action requirements, including
those related to initiation of contingency optiecns, are
defined in subsequent sections.



1.4 Contingency Options

The mission options available for operational coantingencies
which cannot be resolved simply by minor adjustment of equipment
or selection of a back-up mode, are referenced to significant
mission events in Figure 2. The cholce of a particular option
will be based on first assuring the safe return of the flight
crew to earth,and second effectively utilizing the remaining
flight capabilities to achleve mission objectives. On this
basis, mission contingency options are ranked in ordér of
preference below:

(1) Deferred Decision - alteration in the event
sequence or scheduling to complete the nominal
mission.

(2) Modified Nominal Mission - accomplishing the
mission's obJectives by deviations that involve
acceptable additional risk or increased opera-
tional difficulty.

(3) Curtailed Lunar Mission

?ag Shortening the lunar surface operations phase
(b Omitting

l. The lunar landing

2. The LEM descent

3. Separate LEM operations, or

Ej Lunar orbit insertion (circumlunar flight only)

Ek; Cls-Lunar Mission -- with Apollo-type reentry
Near-Earth, long-duration Mission -- with deboost

reentry (avallable through /" 75% 7 of the trans-

lunar injection burn)

(6) Mission Termination and Aborts -- restricting

further fligat activities to those operations

necessary to effect a successful return to earth:

(a) Termination actions timed to effect a landing
in a preferred recovery area;

(b) Termination actions timed to effect a landing
in a contingency landing area; and

(¢) Emergency return to effect a landing using
a minimum time of flight trajectory.
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(7) Disaster Prevention Alternative -- using space
vehicle capabilities in special emergency modes
and configurations not considered as normal
back-up for Apollo operations. This 1s a zero
set at thec beginning of the mission because any
alternative found prior to the mission will be
included in the above cptions.

1.5 Command Organization

The basic command organization used in writing this
document is given in Figures 3,4, and 5. The decisions
that are made by specifiz elements are given in Section 2.
The functions and responsibilities assigned to subordinate

elements will be covered in Sectior 3, which will be
supplied later.



OPERATIONS DIRECTOR

IMCC

FLIGHT DIRECTOR

IMCC

LAUNCH DIRECTOR

LCC

. EXCEPT DURING —_DURING
COUNTDOWN COUNTDOWN

CREW COMMANDER

RECOVERY DIRECTOR

IMCC

DURING
COUNTDOWN

PAD SAFETY

FIGURE 3

RANGE SAFETY

PREFLIGHT COMMAND ORGANIZATION

(BEGINNING IN THE PREMISSION AND ENDS WITH INITIATION OF THE S/C FIRING SEQUENCE)




OPERATIONS DIRECTOR

IMCC
FLIGHT DIRECTOR RECOVERY DIRECTOR
IMCC IMCC
UNTIL INSERTION
INTO EARTH
PARKING ORBIT
CREW COMMANDER LAUNCH DIRECTOR RANGE SAFETY
(FLIGHT SUPPORT)
CM LEG AMR

FIGURE 4 NEAR EARTH CCMMAND ORGANIZATION

(FROM BEGINNING INITIATION OF S/C FIRING SEQUENCE THROUGH S1VB STAGE OFF)



OPERATIONS DIRECTOR

IMCC

FLIGHT DIRECTOR

IMCC

CREW COMMANDER
CM

(LEM WHEN SEPARATED)

FIGURE 5

RECOVERY DIRECTOR

IMCC

DEEP SPACE COMMAND ORGANIZATION

(FROM SIiVB STAGE OFF THROUGH CM TOUCHDOWN ON THE EARTH)




- 11 -

2. OFERATIONAL DESCRIPTION OF MISSION

Section 2 of the Skeletal Operations Plan contains an opera-
tional description of the Apollo Lunar Landing Mission. It 1is
divided into 18 mission phases. Tre discussion of most phases
is divided into three subsections. The first subsection defires
the phase and its time duration. The second subsection des-
cribes the nominal mission, including a skeletal outline of
the operaticns that occur and the related decisions and informa-

tion required. The third subsection discusses alternate mission
options and decision responsibilities for deviating from the
nominal mission and selecting an alternate mission option,

2.1 PRE-FLIGHT

2.1.1 Phase Definition

The pre-flight phase begins with the Operations Director's
decision to move the assembled space vehicle from the VAB high
bay to the launch pad and ends when the space vehicle 1lifts off
the launch pad. The phase duration is éfl5;7 days. The total
interval is divided into two subphases: 1) the pad and network

preparation subphase and 2) the terminal countdown subphase.

The pad and network preparation subphase, / 14 / days, includes
preparations by all mlssion elements to achleve operationial readil-
ness. The terminal countdown subphase, 1724;7 hours, 1s a tightly
cor.trolled sequence which includes the most critical operatious,
such as arming and fueling, that require significantly greater
recycle time if the mission 1s postponed.

2.1.2 Nominal Missicn
The launch date 1s established at least / 30 / days in
advance.

It 1s the first of three contiguous days that have at
least / one / launch window, / 2 1/2 / hours or longer in
duration.
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Activities completed prior -Zo the pre-flight phase
include:

(1) Acceptance, mating, testing, and final system

tests of the space vehicle in the VAB by the LCC,

(2) 1Initial deployment of remote reccvery forces

and tracking ships,

(3) A thorough analysis of the missicn to determine

the proper course of action under all foreseeable

clrcumstances,

(4) Writing a detalled set of rules for the conduct

of the mission,

(5) Equipping, staffing, and training of mission

elements for conduct of the mission.

After the Operatlons Dlrector has confirmed readiness
of all mission elements Z-by simulation exercises_?, he authorizes
movement of the space vehicle to the launch pad.

All actlvities during the pre-flight phase are paced by
the preparation and systematic checkouts of the space wvehicle.
The actilvitles of all other missilon elements are adjusted to
avoid disrupting the space vehicle count. The IMCC at Houston,
Texas, and the LCC at Cape Kennedy, Florida, continuously
monltor progress and coordinate thelr operations during this
period.

The Launch Director at the LCC exercises control over
all space vericle readying operations. He maintains the mission
count, and makes any authorized adjustments for minor holds.
During the termlnal countdown, he controls AMR and pad safety.
He assumes control of the flight crew during the last /24 /
hours of the terminal countdown.

The Flight Director at the IMCC controls the remote
stations (including the MSFN and the down-range AMR stations)
and sequences their activities to correspond to progress at the
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ILCC. The IMCC monitors launch vehicle and spacecraft systems
tests performed at Launch Complex #39. Specific test and
countdown data sent to the IMCC are controlled by the Flight
Director, whe 1s 1n continuous voice contact with the LCC.
Support perscnnel at the IMCC receive detailed performance
data in their areas of interest in addition to summary and
status Information.

The Flight Director conducts periodic simulation
exesrcises during this period to insure that the operational
capability of the system 1s adequate for conduct of the
mission. The simulations are scheduled by the Flight Director
in consultation with the Launch and Recovery Directors.

The Recovery Director at the IMCC is responsible for
the deployment of recovery forces. He adjusts their position
in accordance with the launch schedule and progress at the LCC.
Recovery ships are on station at least / 8_/ hours before the
scheduled launch time. The last / 8 / hours before launch
are used to determine exact position, transmit status informa-
tion, and receive updated countdown and trajectory information.
Recovery forces covering the down-range launch area cover a
moving ground track in the event a hold occurs.

Recowery forces near the launch area are on station
and fully prepared (for a pad abort) when the LES on the
space vehicle is armed. 1In general, the recovery support
required throughout this mission is described in 2.18.

During the pre-flight phase, the Launch Director,

Flight Director, and Recovery Director report to the Operations
Director at designated times, and whenever operating difficulties
arise that jeopardize meeting the launch schedule.

Any decisions that alter the scheduled launch date
or window are made only with the concurrence of the Operations
Director.
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2.1.2.1 Pad and Network Preparation

Readying actions at the launchk pad during the rad
and network preparation subphase include 1) vehicle pres-
surization tests, 2) fueling system tests, 3) final in-
stallation and tests of ordnance and arming devices, 4)
radio frequency interference tests, 5) flight crew suiting
and loading tests, and 6) final simulation tests.

Readying operations at the IMCC, the AMR and the
MSFN include 1) local site alignment tests, 2) interface
tests, 3) simultaneous site tests to test network data
flow, 4) computation and data flow simulated flight tests
to test network tracking amd data flow in coordination
with RTCC computations, and 5) simulated flight tests
(normal and abnormal simulated flight conditions) involv-
ing operations teams at all mission elements to establish
flight controller conZidence and decision capabillty.

Operations personnel are on-slte and participating
in final simulation exercises at least / 4 / days before
launch.

2.1.2.2 Terminal Countdown

The terminal countdown subphase begins after the
performance and analysis of a simulated flight test, in-
volving all mission elements, verify readiness for the
terminal countdown and subsequent flight phases of the
mission. During the terminal countdown, cryogenic and
combustible liquids are loaded, ordnance items are armed,
fuel cells and ECS's are activated, operational RF communi-
cations modes with the space vehicle are established, and
final guidance parameter revisions are inserted into on-
board computers. Major decision points during the terminal
countdown are 1) removal of the arming tower, / 7 _/ hours
before launch, 2) insertion of flight crew, / 5 1/2_/ hours
before launch, and 3) sealing of CM cabin and arming of
LES, / 3_/ hours before launch,
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/ 5_7 minutes before launch the Operations Direc-
tor is gilven final readiness reports. He then authorizes
the launch countdown to continue. The Launch Director
commlts the SIC launch sequences at 150 seconds before
scheduled launch time. At 30 seconds before launch the
SIC ignitlon sequencer starts, the spacecraft 1s transferred
to internal power and the umbilicals are released during
the subsequent sequencing before 1ift-off.

The IMCC provides up-dated trajectory parameters,
weather forecasts, and ground-network status information.
This intformation 1s used for the schedulling and revision
of launch times. The IMCC is also responsible for comparing
its computations with any similar calculations by the Apollo
Guldance Computer, the LV computer, and the LCC computers,
and for providing final up-dated information to these com-
puters, /~ _/ seconds before launch. It sends radar acqui-
sition data, countdown progress reports, and other needed
information to all ground support facillitles 1ncluding re-
covery forces. The MSFN units receive summary information
at least / 1 / time per hour during terminal countdown.

2.1.3 Alterriate Missions and Contingenciles

2.1.3.1 Emergency Malfunctions

Means will be provided for rapid evacuation of
pad personnel or flight crew to the ground should emer-
gencles arise during preparatlion of the space vehlcle on
the launch pad.

After the crew is sealed in the space vehicle
immediate hazards will be circumvented through the use of the
Launch Escape System. The LES may be activated by the crew,
or by the Pad Safety Officer,
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From initlation of the SIC firing sequence to 1ift-
off, an automatic engine shut-down may be made. The Launch
Director or his Pad Safety representative will initiate an
engine shut-down within [_ _7 seconds after the SIC fire signal,
in case any Z—l_7 engine elther fails to ignite or thrust
buildup is abnormal. If the holdown clamps or the umbilicals
fail to release within / 3_/ seconds after the SIC filre slgnal,
the Launch Director or his Pad Safety representative will initiate
an engine shut-down. If engine shut-down 1s initiated by any
of the above, the LES will automatically abort. An LES abort
without engine shut-down will be effected by the EDS or by the
crew, if any condition seriously endangers crew safety prior
te lift+~off.

2.1.3.2 Non-Hazardous Malfunctlons
Malfunctions may occur at the launch pad, or elsewhere

in the many elements of the ground system, that could cause
delay 1n the space vehicle count. Depending on the particular
malfunction, various types of delay might result. A short
delay, or hold, will stop the count. Removal of the trouble
will allow 1nitiation of the count by a simple restart of the
clock.

However, troubles that ocecur at particular times
may be of such a nature that it is necessary to recycle (back-up)
the count to a partizular restart polnt. After the trouble i1s
rectified, the count can be re-initiated from this time with
only loss of an equivalent amount of pre-programmed hold time.
Trouble conditieons wnich are expected to persist for a period of
time which is long in comparison to the launch wlndow, may cause
the launch to be rescheduled for a later launch window.

There are various courses of action avallable to compensate
for malfunctions. If repair can be effected promptly, a short
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hold (or no hold) will handle the case. If repair cannot be
effected promptly, a decision may be made either to proceed
without the use of this equipment or to postpone the launch
until the repair can be effected. If the malfunctions force
an eXtended delay for which the repair time cannot be estimated,
an indefinite postponement of launch will be made. Any malfunctions
which can cause a delay which is significant in comparison with
the length of launch window, will be reported to the Operations
Director.

Any decisions to continue the count with increased
risk due to equipment malfunction and/or alternate mode selection
will be made by the Operations Director.
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2.2 LAUNCH

2.2.1 Phase Definition

This phase extends from space vehicle 1lift-off to the
first S-IVB cutoff, an interval of approximately 12 minutes.

2.2.2 Nominal Mlssion

Guidance and sequencing are under the programmed con-
trol of the launch vehicle computer and inertizl reference
system. At cutoff of the S-IVB, the space vehicle 1s stabl-
lized in a programmed attitude hold. No spacecraft crew or
ground support actions are required to achieve the Earth parking
orbit. The spacecraft crew and ground personnel monitcr the
programmed sequence of events, the performance of space vehilcle
systems, and trhe achieved trajectory. They determine that ade-
quate safety iec provided for the spacecraft crew and populated
areas. They ottain data for insertion verificetion at first
S-IVB cutoff.

Volce ccntact between the spacecraft crew and the IMCC
is provided for status reports and for coordination in case of
deviations from the nominal. Crew displays are used for on-
board real time monitoring of critical systems, timing of events,
and trajectory. Crew displays of launch vehicle data are limited
to those assoclated with specific programmed events and safety
from catastrophic failure.

Telemetry and tracking data from both the launch vehicle
and spacecraft are received and relayed by ground stations to
the IMCC. Launch vehicle telemetry data are also sent to LCC,
Updata 1links to the space vehicle are used only to transmit
ground generated abort commands and launch vehicle destruct
commands.
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If necessary, the spacecraft crew can 1) override
automatic event sequence timing, 2) adjust spacecraft operating
settings, 3) select back-up modes, U4) cutoff the S-IVB pro-
pulsion to prevent overburn at insertion of more than [ ] fps,
and 5) initiate abort sequences including selection of the

appropriate guidance program for trajectory shaping.

2.2.3 Alternate Mission and Contingencies

Troubles during the launch phase which do not pose a
serious threat to crew safety and do not prohibit attainment
of a safe Earth orbit, shall not be cause for initiating an
abort action, even if the orbit that can be obtained will pre-
clude a lunar transfer attempt.

The S-IVB will be used to achieve a parking orbit in
case of early cutoff of the S-II. The SM main engine will be
used in case of early cutoff of the S-IVB. However, if the
performance of the LV guidance system is unacceptable during
the S-IVB flight stage, the CSM system shall be capable of
performing the guidance function and placing the space vehicle
in such an orbit that the primary mission could be continued.
Rules for when to abort and when to attempt the Earth parking
orbit will be included in the specific mission plan, If time
permits, the concurrence of the Flight Director in this deci-
sion shall be obtained.

The Launch Escape System abort is the only option
available during the period from 1lift-cff to LES jJjettiscn
(approximately 185 seconds after lift-cff). From lift-off
until clear of the Launch Umbilical Tower and out of direct
visual observation, the Launch Director will initiate ar LES
abort without engine shutdown in case cf serious space vehicle
contact with the tower, explosion, autcmatic engine cutcff,

failure of thrust to 1lift the vehicle clear within [ ] seconds,
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or early violent unprogrammed movement in space vehicle attitude.
From lift-off to LES jettison the Flight Director or spacecraft
Crew Commander will initiate an LES abort wi thout engine shutdown,
if the achieved trajectory, space vehicle systems, or crew health
pose a serious threat to crew safety or prohibit a safe Earth
orbit. From 1lift-off to LES jettison, the launch vehicle EDS
will automatically initiate an LES abort without engine shutdown,
if launch vehicle overrate in any one axis, IU power failure,

or actual structural failure of the launch vehicle occurs. From
lift-off to S-IC burnout, the launch vehicle EDS will automatically
initiate an LES abort without engine shutdown, if thrust is lost
on [2] or more engines.

From lift-off to LES jettison, the Range Safety Officer
will initiate an LES abort, if he commands stage destruztion
and/or engine shutdown. The stage destruct enable command
initiates a sequencer that 1) lights the abort indicator in
the spacecraft, and 2) activates the LES firing circuits and
arms the stage destruct firing circuits after a [3] second time
delay. [6] seconds after the stage destruct enable command,
the Range Safety Officer may send the stage destruct command,
[The sequencer will be inhibited until a positive signal of LES
firing is received.] The Range Safety Officer will take such
action only if space vehicle performance shows a clear threat
to the safety of populated areas, and [then only after consulting
with the Flight Director if time permits].

After LES jettison the Flight Director, the spacecraft
Crew Commander, and the Range Safety Cfficer may initiate an
abort under the same circumstances prevailing in the case of
an LES abort. The launch vehicle EDS will not cause an auto-
matic abort, but will display critical parameters in the space-
craft and the IMCC, so that either the spacecraft Crew Commander
or the Flight Director can initiate an abort.
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After LES jettison, three abort options are available
and the Flight Director or Crew Commander will have to select
one oI these options. The particular circumstances leading to
the abort decision or the abort timing polnts already passed
may preclude one or more of these options. The options are as
follows: 1) At any time between LES jettison and S-II stage-off,
the S-IVB engine can be used for trajectory shaping to return
the CM to a single landing point. 2) From S-II ignition until
insertion, the SM can be used for trajectory shaping to return
the CM, during S-II burn to one of [5] landing points or during
S-IVB burn to one of [2] landing points along the planned ground
track. 3) A CM ballistic entry can be used. This would entail
a downrarnge landing point that changes continuously during the
S-II burn, and [6] landing points along the ground track during
S-IVE burn (where aerodynamic maneuvering can be used for con-
trolling the range within the reentry footprint).
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2.3 EARTH PARKING ORBIT

2.3.1 Phase Definition
This phase covers the crulsing period from first 3IVB
cut-off untlil the start of SIVB ignition sequencing for

translunar injection, an interval of / 90 / to 300 minutes
for a nomlnal mission.

2.3.2 Nominal Mission

Immediately after cut-off at insertlion, a brief cneck
of crew and space vehicle systems 1s made to verify that
condltions are suitable for at least one orblt. The attailned
orblt 1s evaluated for the same criterion. Crew displays,
TLM data and ground tracklng are used for this purpose.

The Flight Director at the IMCC {_or a Flight Controller
on the Atlantic Tracking Ship in case of communlcatlons
fallure with the IMCC_7 confirms insertion to the Crew
Commander via the volce communications link before loss of
contact by the Atlantic Trackling Ship.

After insertilion verification, the crew selects modes
for cruising flight and attends to any operating troubles
requiring attention. They then make preparations for a
scheduled in-flight checkout.* (The EDS from this time on
would not cause an automatic abort. However, the EDS para-
meters will be displayed to the crew.)

*¥ In-flight checkout 1s deflned as activitlies related to
obtalning that portion of the information on space vehicle
capabllities required for operational declsions which 1is
not obtalned from monlitoring routine flight activitiles.
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The first earth orbit is nominally required for
determining orbital parameters to the accuracy required for
computation of guldance parameters for a lunar transfer
maneuver, for galning confldence 1n systems performance through
flight operation and in-flight checkouts, and for necessary
repalr and adjustment of equlipment. The navigation functions
and in-flight checkouts are scheduled so that they do not
interfere with each other. Trackling data from the lnsertion
ship and at least / one / other grcound station must be
avallable before the decision 1s made to go into the translunar
trajectory. Ground tracking data from these near-space
stations are the primary means for early confirmation of
satisfactory orblt. The lunar transfer guldance parameters
are computed at the IMCC from these ground tracklng data.

Final guldance parameters for the lunar transfer

maneuver are established by the IMCC and transmitted to
and inserted in the SIVB-IU and the CM guldance systems.
The 1nserted values are verifled on the ground and by the
crew. The Crew Commander and the IMCC collaborate in this
process. The propulslion budget of the SIVB 1s assessed at
the IMCC for acceptable level 1n ccnjunction with setting
lunar transfer guldance parameters.

SIVB-IU systems are evaluated by the IMCC, supported
by the Huntsville Operations Support Center when necessary,
on the basls of performance data obtained prior to and
durlng launch augmented by capabllity data obtained during
earth orblt checkouts and contacts. Performance of SIVE-IU
and CSM guldance systems 1s evaluated from trajectory data
from SIVB-IU and from CM guldance systems, lncludling measurement
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of the AV caused by venting, and from additional data
obtained from the response of the system to attitude
orientation checks. These data are compared with each
other and to the ground tracking data at the IMCC. CSM
navigation sightings will be used as the attitude
reference for these comparisons.

The crew monitors critical CSM systems and essential
stores, selects equipment modes, and controls active equip-
mert throughout the interval for operation and energy
maragement purposes. They monitor the SIVB propellant
tarkage, pressure and venting. The crew vents the SIVB
before navigation sightings and IMU alignments to prevent
an automatic vent during these time intervals. The crew
controls changes in attitude using the SIVB-RCS for
navigation sightings, precision trimming of IMU reference.

In-flight checkout data and data obtained from
monitoring flight operations evaluated at the IMCC, provide
the balance of information required for making the commit-
ment decision to proceed with a lunar transfer maneuver.
These data indicate 1) CSM ability to complete a successful
circumlunar flight, 2) CSM and LEM back-up and reserve
capabilities are adequate for.an injJection abort maneuver
that requires / 40 _/ hours of coasting flight and super-
circular reentry velccity, 3) safe SIVB-IU operating
conditions and maneuver capabilities, and 4) LEM and
adapter structural security. Periodic biomedical data
on the crew are evaluated.

After completion of the orbit determination and the
flight and ground systems assessment, the Operations
Director makes a decision on the translunar injJection. The
lunar transfer window that requires a minimum velocity
increment in the Z‘second_? earth parking orbit is preferred.
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Verification of the prorer insertion of the final guidence
parameters into the launch vehicle and spacecraft computers
and a final systems status report are transmitted to the
last command site 1n contact with the space vehicle before
the injection burn. / The crew or the ground / enables the
launch vehicle guidance mode for SIVB automatic firing

and control. The ground station continueczs radar, telemetry,
and volce contact until loss of coverage.

2.3.3 _Alternate Missions and Contingencies

If communication is lost belore the Crew Commander
recelves ground confirmation of insertion, the Crew
Commander will determine if conditions are acceptable for
at least one =2arth orbit based on:

(1) voice reports of IMCC monitoring up to the end

of the Bermuda ccntact indicating satisfactory tra-

Jectory and performance of LV systems and of CSM

navigation-guidance systems,

(2) CM AGC displays of errors in velocity at cut-

off indicating that deviations from the nominal

trajectory are within one orbit safety criteria

of /~ _/ fps and

(3) ¢rew appraisal that no serious troubles exist

within the space vehicle that seriously threaten

safety or survival.

The Crew Commander will proceed with the Earth Orbit
phase 1if in his judgment one orbit capability exists and
at least a / 3 / minute tracking and communications contact
with a near-earth ground terminal occurs within the next
/ 45 /7 minutes.
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After the commitment decision for the injection burn
has been made the Crew Commander or the IMCC may order a
postponement of the injection (to the next Earth orbit
transfer window) if any problem is detected which in either's
judgment threatens the success of the injection maneuver.
If this postponement 1is required, basic updating of the
previous information will be neccssary to determine
whether injection 1s still practical.

If the pre-commitment steps have not been completed
satisfactorily as scheduled during the first earth parking
orbit, the commitment decision will be postponed to allow
additional time for tracking, making observations or
adjustments, and completing further checkout,

If circumlunar flight i1s not possible, the IMCC
will select either a long or short duration flight in the
present earth orbit, or a special cis-lunar test flight,
or order termination of the mission.

During the earth orbit cruise interval, the IMCC
or the Crew Commander may decide because of operating
problems that the mission should be terminated using one of
the planned landing areas (see 2.19). Such a decision will
normally be based on troubles in the systems essential to
life support or to eartn return or because of crew illness.
In such an instance, thes decision will be coordinated be-
tween the Crew Commander and IMCC.

During the earth orbit cruise, the spacecraft Crew
Commander can initiate an emergency abort at any time to
effect a safe return to earth. Such action will be taken
to counter acutely critical problems that threaten crew
safety or minimumcapability to make a manually controlled
descent and landing. Under less severe emergencies, the
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abort will be held off untill the procedures in the above
paragraph can be followed, including descent into a
planned landing area or at least until a ground contact is
possible so that search and recovery efforts can be
coordinated.

For a long duration earth orbit mission, or an
elliptic (high energy) earth orbit mission, the cruise
orbit shall be shaped to assure a voice and TLM ground
contact at least once every / two hours-7 and to make use
of the planned landing areas.
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2.4 TRANSLUNAR INJECTION

2.4.1 Phase Definition

The injection phase begins with the start of SIVB ignition
sequencing and ends with the decision to proceed with the trans-
position maneuver. The phase duration is / 30_/ minutes.

2.4.2 YNominal Mission

2.4.2.1 1Injection

The crew monitors the SIVB countdown to determine 1if
/ lignition or acceleration / begins at the nominal time. They
monitor acceleration and velocity parameters to determine whether
these are within acceptable limits. They monitor key systems
for critical conditions during the maneuver. The Crew Commander
determines that SIVB cut-off occurs within the pre-scheduled time
increment, that attitude divergence from the nominal did not
exceed limits, and that the applied AV, estimated by CM equip-
ment was within the expected range. He effects a manual cut-
off if the estimated AV increment 1is exceeded by Z“ _7 fps.

Voice and telemetry data are transmitted by the space
vehicle during the injection phase. Z-Telemetry is recorded
on-board the space vehicle during the thrusting 1nterval._7
Voice 1s relayed to the IMCC in real time while telemetry is
stored by the receiving ground station and transmitted later
at IMCC direction. Real time monitoring and evaluation of the
space vehicle during the injeoction burn, by the flight control-
lers at IMCC, is limited by the amount of real time data available
via the volce link. There is no requirement for tracking during
the injection burn.

After cut-off of the SIVB engine, the spacecraft crew
makes an initial assessment of the attained trajectory from their
observation of performance during the maneuver. After determining
that no extraordinary actions are reguired, the crew sets con-
trols for initial translunar cruising and preparation for trans-
position begins. Z_ _7 minutes after SIVB cut-off, a spacecraft
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situation report by wvoice and TLM is made to IMCC. Ground
tracking for orbit determination 1is reestablished within / 10 /
minutes after SIVB cut-off.

2.4.2.2 Transposition Declsion

The Flight Director determines whether or not the trans-
position maneuver can be safely effected. Trackling data and
status data cf the space vehicle 1s used by IMCC to det=rmine
whether to attempt the transposition.

The Flight Director establishes the timing and furnishes
the schedule for the maneuver. It must occur 1) within a vent-
free interval of the SIVB, 2) before SIVB rezction conzrol
supply tanks and electrical energy fall below predetermined
minaimum amounts, and 3) while in communication contact with a
ground terminal. The transposition maneuver 1s scheduled and
carried through, 1f the risk is acceptable, 1rrespective of
whether the attalned translunar trajectory permits continuation
of a clrcumlunar cruise.

Ground tracking continues and computations are updated
to improve existing trajectory estimates during thc latter
portions of this phase.

2.4,.3 Alterrate Missions and Contingenciles

2.4.3.1 Injection Options

The Crew Commander will inhibit the SIVB firing if any
condition 1s detected prior to ignition which,in his judgment,
materially 1irncreases the risk assoclated with this maneuver.
This criterion applies whether the declsion is associated with
the first or the final lunar transfer window. If ignition has
not occurred by the end of a window, the Crew Commander will
inhibit the SIVD firing. He will check pertinent spacecraft-
displayed parameters and control settings and will preopare to
report relevent information to IMCC at flirst contact. There-
after, a decislon at the IMCC wlll be made authorizing either
further verificatlon checks, or another injection attempt, or
an optional mission.
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If an unacceptable deviation of trajectory occurs
during the translunar injection maneuver while under the
control of the launch vehicle guidancz system, the Crew
Commander will switch control of the maneuver to the
spacecraft guidance system. If the deviation persists, he
will manually effect cut-off of the SIVB main engine.

If a critical condition in the SIVB-IU occurs during
the SIVB burn, manual / or automatic / cut-off will be
made, and the CSM will be separated from the SIVB. If a
critical condition in the spacecraft occurs during the SIVB
burn, manual cut-off will be made. In any of the above,
the spacecraft crew will evaluate the spacecraft condition,
will estimate attained trajectory, and will transmit a
situation report to IMCC upon first contact.

The attained trajectory will be continued until
sufficient spacecraft navigation data and earth tracking
data are obtained for computing guidance parameters, and
until sufficient telemetry data from both the SIVB-IU and
spacecraft are obtained for assessing the capability for
completing alternate missions, unless an emergency condition
in the spacecraft makes immediate attempts necessary to
minimize flight time to reentry. For non-emergency conditions,
the Crew Commander will normally defer action until completion
of the propulsion maneuver,

2.4.3.2 Transposition Decision Options

If traansposition is not attempted, instructions for
the alternate option to be followed will also be relayed at
this time. In general, this decision would stem from an
unsafe SIVB condition, and an expeditious action would be
initiated to separate the SIVB and the CSM by a suitable
distance as quickly as possible. This separation could be
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followed by a circumlunar flight or by a curtailed tra-
jectory for earlier earth return. Except for emergency
situations, the final decision as to the option to follow
can be delayed until afler SIVB-CSM separation to allow

for additionel tracking and assessment of the spacecraft
situation.
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2.5 TRANSPOSITION

2.5.1 Phase Definition

The transposition phase begins with the decision to
proceed with transposition and ends with completinon of the
situation assessment after the launch vehlcle stage-off. The
phase duration is approximately /20 to 35_/ minutes.

2.5.2 Nominal Mission

The spacecraft crew and the ground jointly verify the
operability and proper adjJustment of SIVB-IU, LEM and CSM
systems that are required for the transposition. During
preparations and the maneuver, a ground station provides
volce, telemetry, and tracking data for monitoring purposes.
The remaining life-time of the SIVB-IU is assessed at the IMCC
from telemetry data. The IMCC 1s supported by the Launch
Control Center and the Huntsville Operations Support Center
as required. Spacecraft, including LEM parameters, radiation
exposure level and trajJectory data are monitored at the IMCC
or at the ground station providing coverage.

The crew manually initiates and controls the trans-
position sequence of events. After readiness is confirmed,
the crew activates the equipment modes necessary for trans-
position. They fully vent the launch vehicle main propulsion
fuel tankage, Z°us1ng an orientation beneficilal to trajectory
corrections as indicated by initial miss distance computations
after injection /. The IMCC / or the crecw / commands the
launch vehicle to assure the attitude which is most suitable
for the transposition ard docking, considering 1) lighting
conditions and 2) commurications contact with the ground
station. The attitude hold mode with minimum deadband control
is used to control the launch vehicle attitude during this
time. No natural lighting constraints are required during
this phase.
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After obtalning a solld docking, the Crew Commander
ascertalns that no operational problems are present that
requlire immedlate attention. He then selects the modes
required for launch vehicle stage-off.

The IMCC or / crew / effects the LEM decoupling from
the SIVB. The SM-RCS or / SIVB retro-rockets / provide a
separation of _  feet 1n ___ seconds at stage-off, to reduce
the hazard t'rom SI1IVB explosion.

The crew makes a visual observation of launch vehicle
separation, checks the CM AGC estimation of the net change of
trajectory due to maneuvering, makes a general check of CSM
operating conditions, and powers down unused squlipment. The
Crew Commander then glves a situation report to the ground
and proceeds wlith the crulse flight phase of the mission.

Concurrently, the IMCC assesses both spacecraft and
launch vehicle conditions from telemetry data and the tra-
Jectory effects from ground tracking to determine that the
rate of separation 1s adequate for crew safety.

The IMCC determines and controls the launch vehlcle

trajectory to protect against the launch vehicle impacting
the moon or the earth.

2.5.3 Alternate Missions and Contingencles

If the Crew Commander judges that a significantly
greater hazard exists than was anticlpated, he shall not dock
without obtalning the consent of the IMCC. Thls situation
can arise from an instabllity in SIVB holding attitude, an
adapter panel not clearing away from the LEM, or abnormal
contact during docklng attempt,
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If a critical condition in the SIVB occurs during the
transposition, the crew will separate the CSM from the space
vehiecle using the SM RC% and the IMCC will separate the LEM
from the SIVB using the / SIVB retro-rockets /. After safe
separation distances from the SIVB have been achieved by the
CSM and the LEM, the IMCC will determine whether a docking
between the LEM and the CSM will be attempted. / The IMCC
will control LEM attitude for this maneuver., _/

If a critical condition in the LEM occurs during
transposition and docking, the crew will separate the CSM
from the LEM using the SM-RCS to achleve a safe separation
distance.

If a critical condition in the C8M occurs, the crew
will either 1) effect an immediate stage-off of the SIVB
and/or LEM and use the SM SPS to minimize flight time to
reentry or 2) complete the docking in order to utilize LEM
capabilities.
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2.6 LUNAR TRANSFER CRUISE

2.6.1 Phase Definition
The lunar transfer cruise begins at the end of the

mission status check immedlately following stage-off of the
SIVB and ends with the initiation of SM propulsion for

lunar orbit insertion, except for three midcourse corrections.
These midcourse corrections are treated coltectively in
Section 7 as & separaté phase. The phase duration is from

/ 60 /7 to / 110_/ hours.

2.6.2 Nominal Mission
The spacecraft drifts during the major portion of the

transfer cruise. The crew controls its orientation when
necessary to take periodlc navigational sightings or
communicate with the ground. CSM equipment modes for cruising
are selected to minimize use of consumables. Equipment which
is not scheduled for use 1s put in a standby condition to
conserve electrical power. The crew maintains continuous
surveillance of active, critical functions,. selects modss,

ad justs operating controls for efficient performance

of all subsystems, and transmits scheduled flight reports

to the IMCC. The crew follows a rotating duty schedule
designed to accommodate all scheduled activities and to

rest the crew for extended duty during the active lunar
phases. In addition to its monitoring function, the

crew carries out planned scilentific experiments, makes
navigational observations, and participates in the special
functions described below.
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Prior to the first midcourse correctlion, one crewman
enters the LEM 1) to participate in an in-flight checkout of
the LEM systems, 2) to correct repairable failures, 3) o
establish cruising modes, and 4) to energize circuits for
remote IMCC and CM monltoring and control of actlvated LEM
systems. Upon completion of these tasks, the crewman returns
to the CM and makes a situation report to the IMCC and resumes
his CM duties.

The IMCC has the primary responsibility for prediction
of the spacecraft trajectory during thils phase, scheduling
of midcourse correction phases, and assessment of system
capability. The ground stations, when in contact with the
spacecraft, perform scheduled tracking and monitor the TLM
and volce channels for transmlissions from the spacecraft.

The tracking data are collected at the IMCC for analysis.
The ground statlon in contact with the spacecraft maintains
a communication link between the spacecraft and the IMCC.
It also relays data and commands between the spacecraft and
the IMCC. Required changes in the spacecraft-to-earth
comnunications modes are coordinated with the spacecraft by
the ground stations.

TraJectory calculatlions based on earth tracking data
are cross-checked and combined with spacecraft guidance
information, including navigational sightings {-and CM AGC
computations_7 at the IMCC. The IMCC uses the spacecraft
data to refine orbital parameters. Optimum correction
increments for guidance maneuvers are determined.

The Flight Director, in consultation with the crew,
establishes exact schedules for each midcourse correction
and reschedules operatlions during the crulse phases whenever
necessary. The schedules must allot suffilcient time to each
midcourse correction phase for orbit determination as
described in section 7,
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IMCC computes abort trajectories and the aszociated
thrust maneuvers. This information 1s availatle for immediate
transmission to the CSM. At ('2_7 hour intervals, the abort
computations are sent to the AGC on the command link to update
onboard sbort information. An evaluation of current and pro-
Jected support capability is made of the ground statlons,
recovery forces and the effect of terrestial/extraterrestial
environment (e.g., weather, upper-winds, solar flares). From
this information, the Flight Director decides on the advisability
of making any revisions 1n mission schedules or procedures.
Periodic evaluations of vital spacecraft capabilities are made
by the IMCC to defermine 1f consumable materlals are sufficient
for the remainder of the mission. The IMCC perlodically samples
the blomedical data on the crew to determine their conditilon,

Preparations for lunar orbit insertion begin /3 / hours
before reaching the pericynthion of the translunar orbit., One
hour of this time 1s devoted@ to activatlon and checkout of all
systems which muet be 1n a state of readiness for this maneuver
or for a subsequent abort. The next 1 1/2 hours are avallable
for repalrs and any further checks and adjustments which are
need=d. It may be desirable to begia some of the checks before
the third mideourse correction phase or as a part of that phase,
especlally i1f the third midcourse correction comes late. The
SPS wlll be used, 1f possible, to make this final midcourse
correction, to provide an operational verification of 1ts status
prior to deboost a%t the pericynthion of the translunar orbit.

During this /"3 / hour period, the IMCC assesses data on
consumable materials aboard the svacecraft and evaluates the
life-support and electrical power systems to insure that adequate
capabllities exist for the remainder of the mission. Trajectory
parameters are calculated at the IMCC, based on ground tracklng
and CSM i1nputs, and are transmitted to the CSM via the command
up-link. The parameters are verifled and stored in the CM AGC
and a schedule for the insertion 1s set by the Flight Director.



T o

The Operations Director's declslon to proceed with lunar-
orbit insertion is made and relayed to the crew at least {‘30_7
minutes before reaching the pericynthion of the translunar orbit.
Approximately 15 minutes 1s reserved for detalled coordination
between the spacecraft and the IMCC before spacecraft-earth
communications are broken when the spacecraft passes behind
the moon.

After the spacecraft has lost its line of sight with the
earth, the crew checks the spacecraft's attitude for the
maneuver, verifies mode selections, and monitors critical displays
during the countdown.

2.6.3 Alternate Missions and Contingencies

The IMCC or crew will terminate the mission if the
accumulated plus the predicted radiation dosage exceeds safe
limits.

Loss of vital life-support or power consumables may
require an abort that gives the minimum flight time to landing.
Failure of a vital system(s) (e.g., CM AGC, SM RCS, or SPS)
may require the use of the LEM's guldance computer, reaction
control system and/or propulsion system to effect an abort,

An abort will not be made for lioss of system capability
that i1s not vital for a successful circumlunar flight and a safe
earth landing. Attempts wlll be made to clear such difficulties.
If they cannot be cleared by crew action, the mission will be
curtailed to a circumlunar or cis-lunar flight terminating in
a planned landing area.

If the CSM communication system faills, one crewman will
enter the LEM and attempt ground contact using the LEM communica-
tion system. If the attempt is successful, the IMCC will assess
the situation and declde which mission option is to be performed
by the crew. If communications cannot be restored within /= _/
hours, the Crew Commander will terminate the mission at a pre-
arranged time,
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The mission will be curtailed to a single pass behind
the moon 1if the IMCC decides against lunar-orbit insertion or
if the crew does not receive positive instructions from the
IMCC before passing behind the moon. The Crew Commander may
reverse an IMCC decision to proceed with lunar orbit insertion
if, prior to SM ignition, troubles develop which, in his
Judgment, Jeopardize crew safety. For less serious operating
problems that occur after a positive decision to proceed
with lunar-orbit insertion has been made, the Crew Commander
may elect to carry out this maneuver utilizing back-up modes
il necessary.
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2.7 MIDCOURSE CORRECTION (Translunar and Transearth)

2.7.1 Phase Definltion

This phase extends from start of spacecraft preparations

for the powered maneuver to completion of the post-maneuver
assessment. The phase duration 1s approximately {—1_7 hour
occurring periodically within the translunar and transearth
crulise phases.

2.7.2 Nominal Mission

FEach midcourse correction is scheduled as described in

2.6 for the translunar phase and 2.16 for the transearth
phase. The midcourse phase is timed 1) to give continuous
ground contact, 2) to afford ample time beforehand for precision
calculation of desired guidance parameters, 3) to allow for
activation of desired configuration, adjustment and checkout
of modes and functions essential to the maneuver, and 4) to
permit moderate hold for effecting minor corrections or repairs.

During the translunar cruise, the first midcourse
correction is made at a scheduled time between /™4 7 and
1'11_7 hours after transposition, and adjusts the position and
time of crossing the lunar sphere of influence. The second
midcourse correction is made at the lunar sphere of influence
and adjusts the pericynthion altitude in the free return
plane. The third midcourse correction is made /" 3_/ hours
before pericynthion and is made with the objective of arriving
tack at the lunar sphere of influence at the proper time, in
the event the lunar orbit insertion 1s not attempted.

During the transearth cruise, the initial midcourse
correction is made approximately 1_25_7 hours after transearth
injection, to adjust time of flight, inclination, and flight
path angle for correct reentry phasing for the designated
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primary recovery area. The next midcourse correction is made
approximately {-25_7 hours after the first, to remove
residual errors in reentry point miss-distance. If the
projected velocity correction needed for the residual error
in entry aimlng poiant exceeds the propulsion capability of the
SM RCS, an additional midcourse shall be scheduled between
the second and final midcourse correction. The final mid-
course correction is made / 2 / hours before reentry to make
minor adjustments for optimizing velocity and the penetration
position within the reentry corridor to achieve the planned
landing site.

Spacecraft preparations flor midcourse maneuvers are com-
pleted in coordination with the IMCC and the Deep Space Station
providing coverage. The preparations include reception,
insertion and verification of the guidance parameters provided
by the IMCC, and activation, checkout and adjustment of the
systems and modes essential to carrying out the maneuver. This
preparation includes making navigational sightings to trim the
attitude reference, establishing the planned orientation for
a maneuver and seleczcting the designated modes.

The IMCC calzulates the guidance parameters necessary
for a midcourse maneuver using 1) a combination of ground
tracking and onboard optical data, 2) onboard optical data only
and, 3) ground tracking data only. The AGC calculates the
parameters for a midcourse maneuver using optical data. The
primary source of guidance parameters for the maneuvers is
the combination of ground and onboard data. The difference
between it and the computation using the onboard data only is
transmitted to the spacecraft. This difference enables the crew
to compare the AGC computation to the optimum. The AGC computation
is the back-up in case of a communication failure. The comparison
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provides an onboard check on the operation or the CSM G&N
system, The solution, using ground data only, 1s used for
analysis of the spacecraft optical measurements and 1is
transmitted to the spacecraft only in case of absentce of
optical data. This tracking-data-only soliution provides a
back-up in case of a Tallure in the spacecraft computer or the
optical measurement subsystem. Verificatlon of data sent

to the gpacecraft is described 1n 2.3.

After system verification, the Flight Director authorizes
the maneuver. The Crew Commander enables the appropriate G&N
guldance mecde, /2 / minutes before the end of engine countdown
for maneuvers using the SM SPS or, at alignment of the IMU
for maneuvers using the SM RCS. The AGC controls the complete
firing sequence including [—ullage_7. The crew provides back-
up capability for the AGC using manual controls to initiate
ullage, engine start, and engine cut-off. The crew monitors
that 1) propulsion occurs within set limits for the
particular maneuver, 2) spacecraft attitude holds at the
planned value, 3) the planned AV is achieved with acceptable
error, 4) no abnormal indications are detected on critical
displays or observed by the crew, and 5) cut-off is effected
within a planned time.

After cut-off the Crew Commander confirms that no
operating troubles occurred which require immediate attention,
and makes a situation report to the IMCC. A reduced power
consumption cruise configuration is established except after
the last translunar and last transearth maneuvers.

Spacecraft data and ground navigational data are collected
after each maneuver, and used at IMCC to define the new tra-
jectory and calculate the next (eventually the final) mldcourse
maneuver., The IMCC uses TLM data transmitted during and imme-
iately after the maneuver to assess status of consumables, per-
formance during the maneuver, and the mission situation.
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2.7.3 Alteranate Missicns and Contingencies
The Crew Commander will inhibit propulsion if &

trouble occurs which would Jeopardize the crew or the
successful completion of the maneuver, and will make a aitua-
tion report to the IMCC. Based on the crew report and TLM,
the Flight Director will decide whether to reschedule the
maneuver or to curtall the mission.

The crew will complcte a midcoursc maneuver if non-
emergency operating troubles occur after the start of thrusting
by shifting to back-up modes if necessary. For example., the
scheduled procedures will be continued if communications with
the ground are disrupted during or after a scheduled maneuver.
In an emergency, the Crew Commander may terminate the maneuver
and coast while taking repair action, may terminate the
maneuver but prepare to use the next scheduled abort window,
or may attempt an immediate abort maneuver 1f such action is
required by the emergency.
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2.8 TLUNAR ORBIT INSERTION
2.8.1 Phase Definition

This phase begins with the SPS pre-ignition sequencing
near lunar transfer orbit's pericynthion, and ends with the

post-insertion situation report made after reestablishing
communications with the ground upon emerging from behind the
moon, Phase duration is approximately 30 minutes including
a /"6 7 minute propulsion interval.

2.8.2 Nominal Mission
Sequencing and guldance control is automatic, under
the control of the CM AGC. The flight crew is suifed
and restralned in the couches. They monitor the performance

of the powered maneuver and 1) make operating adjustments,
2) select alternate modes for completing the phase, 31 take
manual override actions, or 4) initiate an early engine cut-
off or a programmed abort in case of serious operating
troubles. Maneuver displays are used for monitoring the
insertion. The displays are supplemented by gross visual
checks of orientation using celestial bodies for rcference.
Ignition must start within *+ /° / seconds of the scheduled
time tc remain within the allocated fuel budget for a lunar
landing attempt. Key performance parameters are recorded
during the thrusting interval for delayed telemetry transmission
to earth. These parameters are used in the IMCC's analysis
of the SM's remaining operational capability.

After SPS engine cut-off, the crew checks to confirm
that no serious operating problems have developed which
require immediate attention. They verify that the minimum
altitude of the achieved orbit is greater than /20 / miles.
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This verification is based on velocity vector at SM cut-

of f determined by the CSM guidance system. Modes and
operating settings for cruising flight are established.
Concurrently, navigational equlipment is prepared for use.
{_Optical sightings on celestial bodies are vused to obtain
an estimate of the orbit sufficiently accurate to check the
performance of the G&N system._7 Crew observations of system
performance during the insertion are collected and summarized
for transmission to the IMCC.

Contact with a deep space station is made as soon as
the line—of-sight 1s established. This occurs approximately
/ 24 / minutes after the start of the phase. The Crew Commander
makes a verbal situatlion report to the IMCC. Direct and stored
telemetry data 1s transmitted to the ground for analysis of
the performance and remaining capability of spacecraft systems.
The schedules for lunar orbital cruise events are confirmed by
the IMCC.

The ground 1s out of contact with the spacecraft during
most of this phase, but must be ready to support any contingency
action that the crew may have taken during this phase as soon
as communications are reestablished. This includes instituting
a search to establish communications contact at the earliest
time that the spacecraft could emerge from behind the moon.

2.8.3 Alternate Missions and Contingencies

Manual initiation will be used to clear minor troubles
that disrupt normal start of ullage prior to SPS ignition.

Every effort consistent with ¢rew safety will be made to
achieve a safe lunar orbit. To this end, manual guldance will
be used as a back-up, if necessary, to prevent any gross attitude
error, Corrective operating adjustments or selection of alternate
modes will be used for troubles in essentlal services or non-
guldance systems where possible.
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Termination of ullage and SPS cut-off can be effected
manually by override action as a back-up. In particular, cut-
off will be effected manually, 1f actual AV exceeds programmed
&N by /7 _/ ft./sec., to prevent a serious over-burn that
threatens collision with the moon.

In case of a major trouble that cannot be overcome by
selection of a back-up, early termination of thrust by manual
cut-off will give either a safe, higher altitude orbit around
the moon / or a hyperbolic orbit that allows time to activate
and use the LEM guidance and propulsion for obtaining a safe
earth reentry_7. Initiation of an abort to an earth return
trajectory by using the SM engine will be -delayed exczapt for
emergency situations, i.e., threatened catastrophe to impending
SPS explosion, CM fire, cabin rupture, major life support or
electrical fiadlure.

If a safe lunar orbit were achieved but there were sig-
nificant uncleared operating troubles, first priority would
be given to corrective actions, where possible, or trouble
diagnosis. The IMCC and the DSS 'will assist on the basis
of verbal reports from the crew and transmitted telemetry data when
communications with earth are reestablished. The support would
exstend to assisting with specilal checkouts, evaluating and
diagnosing conditions, recommending special repair actions or
special modes, revising and optimizing mission plans and guldance
parameters for early earth transfer injection. If repairs can
sueccessfully be effected within Z_ “7 lunar orbits, a lunar
landing wlll still be possible. Should additional oraits be
needed for correcting troubles, the mission will be curtailed
to a survey of the lunar surface from orbit or to early return
to earth, dependent upon the situation. If the trouble pertained
to the SPS and an attempt to restart the SPS for effecting a
normal earth transfer injection were deemed unsafe, the LEM
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guidance and propulsion systems would be actlvated, checked out,
programmed, and used for effecting the injection. 1In the event
of loss of two-way communications with the earth from the C3M,
the flight crew will occupy the LEM and attempt to establish
contact. If contact were not established within / 4 / lunar
orbits, the Crew Commander would effect an earth transfer
injection for return to a planned earth-landing site.



- g
2.9 LUNAR ORBIT CRUISE

2.9,1 Phase Definition

This phase begins with the end of the post-insertion
situation report and ends with initiation of the LEM stage-off
prior to leaving the lunar parking orbit for the Earth-return
flight. The phase duration is from [1 1/2] to [50] hours.

The total 1nterval 1s divided into the following sub-phases:
initial cruise [1] hcur, LEM checkout and separation [ ]
hours, independent CSM cruise [ ] hours, post-docking cruise

[ ] hours, and LEM stage-off preparations [ ] hours. The
independent CSM routine crulse sub-phase covers all independent
CSM operations from LEM separation to completion of docking.
The CSM-LEM interactions are covered in Phases 10 through 14.

2.9.2 Nominal Missicn

2.9.2.1 1Initial Cruilse

The nominal parklng orbit provides a constant altitude
circuit of the moon &t an inclination which assures passing
within [2°] of the planned landing area every two hours for [48]
hours. The initial cruise sub-phase lasts for approximately
one hour. It is used for obtaining additional data (Earth
based tracking and CSM optical measurements) on the attained
orblt and confirming its acceptablllity for a lunar landing.
During this sub-phase, CSM systems are verifi=zd for extended
one man operation, and one crewman takes a brief relief and
rest perliod. General observatlion o9f the landing area ard the
navigational landmarks along Lhe descent path are made durlng
the first fly-by, after which [one] crewman enters the LEM.

2.5.2.2 LEM Checkout and Separation

Activation, adjustmentis and checkout of LEM systems
are completed to the extent possible prior to separate LEM
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flight. After relieving the CSM crewman for a rest, the second
LEM crewman enters the LEM to assist 1n checkout and separation.
After an analysis of the checkout information and separation
preparations establishes the LEM capability for independent
flight, the IMCC authorizes separation. Separation occurs during
the second orbit while the spacecraft 1s within view of the Earth.
Using the LEM-RCS, the LEM 1s separated and positioned in the
same orbit as the CSM but displaced by approximately [500] feet.
The separate LEM cruises near the CSM for approximately one

hour. Control and operation of the LEM in independent flight

1s confirmed during this period. LEM and CSM navigation data

and orblit elements are cross-checked. Communication channels
between LEM and CSM are checked. A brief rest period for each
LEM crewman, in rotatior, is provided. Modest amounts of un-
scheduled maintenance can be performed during this interval,

if needed, without altering basic mission plans and schedules.
Rendezvous radar trackirg by the two vehicles is initiated.

Final preparations for LEM descent are carried out
after communizations with the Earth are reestablished early
in the third orbit. This includes: 1) final insertion and
verification of guldance parameters, 2) setting timing sched-
ules for the descent, 3) confirmation of mode selections and
operating settings, 4) veriflcation of crew readiness, and
5) extending the LEM landing legs. The IMCC authorizes pro-
ceeding with the descent at this time, after an analysis of
the flight and checkout data.

2.9.2.3 Independent CSM Cruise

During the LEM descent and landing the CSM tracks
the LEM, calculates the LEM nominal and abort trajectories.
The CSM crewman malntains voice communications and visual
contact with the LEM, when possible, and 1s prepared to
effect an emergency rendezvous. (Independent LEM lunar
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operations and joint CSM and LEM operations are described in
phases 10 through 14.) After the LEM has landed and it is
established that the LEM 1s safe for the nominal lunar stay,

the CSM crewman powers down all equipment that is not required
for normal cruise operations. With the IMU powered down, atti-
tude reference is maintained, when necessary, using the SCS
reference system. [The SCS local vertical mode is used to main-
tain attitude for landmark sightings.]

CSM routine orbit operations include: 1) communication
with the ground, 2) visual observation of the LEM, 3) commun-
ication with the LEM, elther line of sight or relayed through
the earth, &) periodic navigational observations for orbital
checks and for reference alignment, 5) colleztion of scientific
data, 6) CSM energy management, and 7) operating adjustments,
system monitoring and checks, and maintenance actions. Every
[third] orbit, the CSM crewman observes a [2] hour sleer period,
with telemetry and the command data receiver providing DSS
monitoring and alerting respectively when the CSM is vigible
to Earth. Except in an emergency, resolution of troubles
requiring extensive or special maintenance actions will not
be attempted without specific authorization from the IMCC.

Upon reestablishing contact with Earth after each
passage hehind the moon, a verbal report is made by the CSM
crewman to summarize status and progress, and to coordirate
plans, A similar report is made to the LEM crew during each
period of LEM visibility. Special reports or querles are
initiated between CSM, LEM and DSS at any time during periods
of mutual visibility. Concurrent with the CSM verbal report
to the ground, real-time telemetry data 1s transmitted. This
1s followed by transmission of data recorded during the pre-
vious interval behind the moon. After this telemetry "dump",
normal telemetry data transmission is resumed. The CSM command
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data channel is continuously open. Once each orbit updated CSM
orbital and abort parameters (both for LEM return and for a
later coordinated Earth return) are received from the ground.
Ground tracking data on the CSM and LEM are obtained during
periods when both vehicles are visible from the Earth.

During the last CSM orbit before LEM launch, the CSM
crewman erects and aligns the IMU, tracks the LEM with the CSM
rendezvous radar and confirms CSM-LEM schedules and timing with
the LEM crew and the IMCC. (CSM-LEM interactions during LEM
ascent and rendezvous are described in phases 13 and 14.)

2.9.2.4 Post-Docking Cruise

As soon as the CM cabin environment is stabilized
for non-suited occupancy, the two LEM crewmen remove their
spacesuits and observe brief personal relief and rest cycles,.
Thereafter, crew rotation and rest cycles are observed until
LEM stage-off preparations are scheduled to commence. If three
or more orbits are scheduled, each crewman observes a two hour
sleep period, and if one to three orbits are available, at least
a 30 minute rest period is afforded each man. Routine cruise
operations continue, with periodic navigation observations and
interactions with the DSS and IMCC. Extensive or special main-
tenance actions are performed if authorized by the IMCC. Simi-
larly, additional collection of scientific data and lunar surface
observations may be scheduled at this time.

2.9.2.5 LEM Stage-0fZ Preparations

The schedule for LEM stage-off and for transearth
injection is coordinated between the IMCC and the flight crew
no later than 1 1/4 orbits before injection. During the follow-
ing non-visibility period, the attitude references are aligned
and used in making a celestial navigation fix. All CSM systems
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needed for the LEM stage-off, and for the subsequent transearth
injection maneuvers are energized and adjusted. Hatches and
connections are prepared for initiating LEM stage-off from inside
the CM cabin. After reestablishing communications with the DSS,
systems checks are completed. Coordination is effected with

the IMCC 1f major malntenance actions need to be performed.
Final timing and parameters for the LEM stage-off and transearth
Injection maneuvers are inserted in the CM AGC and verifiled.
IMCC authorization to proceed with the schedule is then trans-
mitted. LEM stage-off 1s scheduled to occur near the time that
the spacecraft crosses the Earth-Moon center-line. This allows
sufficient time for exchange of navigation information and
systems data, and for final coordination before the next loss

of communication.

2.9.3 Alternate Missions and Contingencies

2.9.3.1 1Initial Cruise Options and Decisions

If the achieved lunar parking orbit is safe (i.e.,
doe: not come nearer to the moon's surface than 20 n.m. at any
point), it will be altered only with the concurrence of the
IMCC. The Crew Commander will effect any gulidance mancuver he
deems necessary to alter an unsafe orbit so that ite perllunc

will be greater than [20] n.m.

Up to [ ] additional parking orbits of the mocn may
be authorized by the IMCC if needed for clearlng trouble without
causing a curtalilment in mission obJectives, other than a re-
duction of time spent on the lunar surface. These additional
orbits will be allocated as they are needed: prior to LEM
actlvation, before LEM separation, before the LEM descer.t to
the equiperiod orbit, or while the LEM ip in the equliperiod
ellipse.
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Significant CSM operating troubles will be cleared,
where possible, before entry into the LEM. Nc troubles that
would be critical with one man attendance can be left uncor-
rected. Correction of conditions of less importance can be
deferred, but IMCC-flight crew coordination is required in
reaching that decision. After LEM activation, similar rules
apply to LEM capabllities before separating from the CSM and
before initliation of the descent maneuver.

Uncorrectable LEM malfunctions may obviate separate
LEM flight or restrict separate LEM flight to the rendezvous
zone for extended or short duration. If such malfunctions, in
the judgment of the IMCC, significantly decreese the likelihood
of successfully landing and ascending from the lunar surface
the landing attempt will not be made.

If the orbital plane cannot he bhrought to within 2°
of nominal planned inczlination or to eccentricity < [ ] with
an orbital period of [ ] to [ ] minutes, the IMCC may desig-
nate an alternate landing site that can be reeched from the
achieved or from an altered orblt. Falling thls, the mission
will be curtalled to omilt the landing attempt, although equi-
period descent for surface survey may be authorized dependent
on the sl tuation. A maneuver to improve the orbit for landing
operations will be authorized by the IMCC, if feasible,without
using any fuel budgeted for transearth lnjection, return mid-
course correctlions or reserves for these maneuvers.

2.9.3.2 Options During Separate LEM Operations

During separated LEM orbltal operatlicns, the Crew
Commander willl defer initiation of propulsion maneuvers, if
contlnulng the mission imposes unacceptable crew risk. Ter-
mination of separate LEM operations and expeditious rendezvous
will be caused by the folilowing: 1) crew injury or sickness,
2) inablility to make voice (or code) contact with CM crewman
by DSS or LEM during an entire visibility period (except during
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a scheduled sleep period), 3) serious environmental control
or electrical power trouble, &) excess radiation exposure, or
5) excessive rate of depletion of pressurant or propulsion
reactants for SPS or SM-RCS or of O2 or H2 bulk supplies.

LEM aborts from the Zunar surface outside of a normal launch

window will not be made because of CSM troubles,

2.9,3.3 CSM Aborts

The CSM can abort to an Earth return trajectory on
each orbit when the entire flight crew is in the CSM. This
decision must be reached sufficiently ahead of the window to
permit LEM stage-off and establishment of proper modes and
settings. Due to these constraints, CSM emergency aborts during
this phase will be considered only for extreme emergency situa-
tions during the first two parking orbits of the initial cruise
or during the first orbit after LEM docking,.

At other times, back-up modes and reserve capabilities
must be relied upon until separate lunar operations can be
terminated (rendezvous within [3] hours) and a safe return
flight to Earth made. After LEM docking, LEM capabilities
may serve as special reserves for CSM systems. The LEM stage-
off will be delayed until after the checkout in preparation
for transearth injection to provide this back-up. The LEM
capabilities that may be drawn on,if needed,by activation in
the LEM include the LEM guidance and propulsion system, if
these systems have not been expended or impaired during inde-
pendent LEM operation. Any LEM systems or subsystems that
are interchangeable with CSM equipment may be remcved from the
LEM and installed in the CSM.

2.9.3.4 Procedures In Event Of Communication Loss
If all CSM and LEM-Earth communications are lost for
a pre-scheduled contact period, the initiation of new phases
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or sub-phases will be deferred. Continued loss of all Earth
communications for [2] CSM orbits shall be cause for curtailment
of further lunar operation except those incident to getting

the entire flight crew 1n the CSM and getting the CSM grepared
for uslng the preprogramrmed transearth injection window [2]
orbits later (a total of U4 orbits between first missed contact
and start of the transezrth injection phase). Loss of two-way
communications with Errth by one of the two vehic¢les will not

of itself necessitate mission curtailment.
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2.10 LEM DESCENT TO PERILUNE

2. 10,1 Phase Def imition
This phase begins with the initiation of the LEM descent
engine ignition sequence for transfer to equipericd orbit and

ends with initiation of the ignition sequence at or near perilune
for the powered descent to the surface. The phase duration is
30 to 150 minutes.

2.10.2 Nominal Mission

The LEM descent to perilune phase begins with a short
burn period (approximately 30 seconds) to put the spacecraft
into a transfer orbit, nominally equiperiod and co-planar with
the CM orbit, with perilune at 50,000 ft. altitude and in the
proper position (relative to the designated landing site) for
commencement of the powered descent. The propulsion event is
followed by a coast period (~30 or ~150 minutes; i.e., 1/2 or
1 1/2 orbital cycles) in the new orbit up to the commencement
of the powered descent. Plane changes up to 2° may be required

to achieve the planned landing area. (Very small plane changes
may be accommodated during Powered Descent without incurring
unacceptable AV penalty.) An acceptable transfer orbit allows
a LEM powered descent to the lunar surface near perilune in
the nominal mission and provides a free return to the CSM as
a contingency option.

The LEM crew enables the firing sequence for LEM
descent engine after a tinal check on LEM IMU alignment, critical
systems, the displayed thrust parameters, and time to start igni-
tion sequence. The LEM crew then initiates the firing sequence of
the descent engine. During the powered maneuver, the LEM crew
monitors LEM systems performance, particularly the guidance and
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engine performance parameters. Both prime and back-up
guidance displays are used as a cross-check to determine
whether the preplanned maneuver has been performeéd. If
elther indicates successful. performance, the maneuver
will be continued. During the coast period, the LEM crew
monltors LEM systems performance continuously. They also
track the CSM with the LEM rendezvous radar, to update

the abcrt program by determining the retative CSM-LEM
trajectory and to provide an outside check on ths LEM

G&N system. The achileved trajectory is evaluated by

the LEM crew on the basis of this tracking, and sub-
sequently by the CM crewman and the IMCC with thes addi-
tional information from CM and ground tracking, tc deter-
mine whether an orbit with perilune altitude sufficiently
close to 50,000 feet has been achieved and whether any
certif'ied landing site can be reached from the achieved
orbit. The CM crewman uses the CSM rendezvous radar to
srack the LEM during the burn and the descent. The LEM
orbtt will be determined by the CSM within /~ _/ minutes
after LEM engine cut-off to verify a safe perilune altitude,
verify an equiperiod orbit and generate initial conditions
for LEM abort. This information is transmitted to the
IMCC, and to the LEM crew to aid in evaluatlng the per-
Lformance of the LEM guldance system.

During the entire period, the ground tracks the CSM
and the LEM. The IMCC, using all data available &nd cross-
checkirg data from the various sources for consistency,
provides a CSM ephemeris, LEM transfer orbit ephesmeris
and powered descent trajectory and ascent data for abort.
Telemetry from both CSM and ILLEM, crew voice reports, and
grourd tracking is used to generate this information.
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[-A midcourse correction during LEM descent is not planned
in the nominal mission._/ Flight path adjustments and
plane changes will be incorporated into the principal pro-
pulsion events and so made at insertion into transfer orbit
or in the powered descent.

The CSM systems are maintained throughout this phase
in such a state of readiness Lhat the CSM can undertake and
effect rendezvous with a completely disabled LEM after advance
notice of /° / hours.

There 1s a voice link open between the CSM and the LEM
during this phase for exchange of status information, for
coordinating events that require joint actions by the LEM
and CSM crews, and for providing abort guidance parameters.

The LEM and CSM store, on-hoard, information on system
operation and changes in orbit when out of contact with the
ground. This information is transmitted to the ground on
command .

During the latter portion of the coasting orbit, the
LEM crew establishes modes for the powered descent to the
lunar surface. A final update 1s made of the guidance param-
eters to be used in the maneuver, using LEM and IMCC-supplied
information. The proper attitude and guidance modes are
selected.

After careful evaluation of all information available
to him, the Operations Director authorizes the Powered Descent
and Landing at least 1'5_7 minutes before the ignition sequence
initiation fer the Powered Descent maneuver.

2.10.3 Alternate Missions and Contingencies
If a certified landing site is not accessible to the LEM,
landing will not be attempted. If either the primary or back-up
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guidance system malfunctions during this phase, landing will
not be attempted unless the Flight Director authorizes an
increased-risk landing, after an evaluation of the G&N system
capablilitly 1n conJunction with the LEM crew. In these and
other situations where the LEM crew or the Flight Director
decides against landing, providing the orbit is safe and no
emergency demanding early return to the CSM exists, the LEM
will be kept in the transfer orbit until deviation therefrom
is authorized by the Flight Director. After a careful evalua-
tion of LEM and crew capability based on telemetered data and
consultation with the crew, the I'light Director may direct:
(1) Contimred eforts to clear the malfunction,
(2) Continuing in transfer orbit for low-level
examination of landing area and vicinity,
(3) Variations of orbit for low-level examination
of other accessible areas, or other scientific
or mission-oriented exercises,
(4) Circularization of orbit and rendezvous and
dockling to CM at next opportunity.
If there 1s a critical system maliunction that cannot be
cleared before the first opportunity to descend and land, and
1t can be cleared during the next two hours under option 1 above,
the descent maneuver may be postponed one orbit. This will
reqguire a realignmen: ol the guldance system and updating of
trajectory parameters.
If the Descent Stage engine 1s not automatically cut-
off precisely on time, then on attainment of the required
velocity increment, The LEM crew will effect manual shut-down
immediately and proceed on the assumption that the new orbit hsas
unsafe perilune clearance. Powered Descent will not be initiated
in this situation unless the cause of the failure is determined
and removed, and unless an adjustment, if necessary, into a safe
and satisfactory transfer orbit has been made without prejudicial
propellant expenditure, and only if the Flight Director so
authorizes.
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If any emergency condition develops which in the Jjudgment
of the Crew Commander threatens crew safety, either immediately
or within the / 2_/ hour interval (free return path) before
rendezvous with the CE8M, any and all propulslon systems will be
used to achileve direct ascent and early rendezvous.

The CSM must be prepared to rescue the LEM 1if the
powered descent maneuver 1is not attempted and the LEM cannot perform
the required trajectory changes.

If the transfer orbit does not provide safe perilune
clearance, a velocity increment will be applied to alter the
orbit to one which meets the safety criteria with certeinty. The
order of priority of propulsion systems to use for such orbital
corrections is: first, Reaction Control System except for fuel
needed to control attitude through docking; second, Descent
Stage Engine; third, Ascent Stage Engine; fourth, all ECS fuel.
The orbit, if feaslble and unless olherwise ordered by the Flight
Director, will be shaped to provide either a rendezvous with
the CSM or a safe coasting orbit for a subseguent powered maneuver
to achieve rendezvous. If such a maneuver has been necessary, no
subseguenl landing maneuvers or attempts shall be made until
after a careful evaluation, by the Flight Director in conjunction
with the crew, of the LEM and crew capabilities and the risks
involved, and only after explicit authorization by the Flight
Director.

In the event of loss of two-way communication with
the LEM, Powered Descent will not be initiated. 1In this situation,
the LEM will effect rendezvous and dock to the CSM at the first
opportmnity. 1f 1t has not done so within /2 1/2_7 hours of
last communication contact, the CM will effect rendezvous and
dock to the LEM at the first subsequent opportunity.
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2.11 LEM LANDING

2.11.1 Phase Definition

This phase begins with the initiation of the ignition
sequence for the Powered Descent and ends with touchdown on
the lunar surface. The phase duration is approximately [8]
minutes.

2.11.2 Nominal Mission

The descent trajectory, starting at 50,000 ft. altitude,
has a range of approximately 180 ri.m. to the landing site. The
initial section of this trajectory approximates a minimun-fuel
profile, whose flight path angle is very shallow. It is fol-
lowed by a section designed to improve visibility to the land-
ing site, along which the spacecraft 1s "flared" to a nearly
vertical attitude. When the horizontzl velocity is reduced
nearly to zero, the spacecraft is pitched to the perfectly
vertical attitude required for safe landing. A hover and hori-
zontal translation maneuver capabllity 1is provided for accom-
plishing small position adjustments and visual examination of
the landing spot by the crew before touchdown.

The guidance system controls the spacecraft auto-
matically along the entire descent trajectory to landing at

the designated site unless ordered otherwise en route. Manual
override capability 1s provided for designation of a different
landing site, for abort, and fcr control of the hover, trans-
lation, and landing sequence. During the initial section,
guidance is based on flight information obtained during pre-
vious phases and on altimeter measurements. During the

second section, supplemental altitude rate and range rcte
information 1s automatically 1ncorporated. The guldance sys-
tem is also capable of utilizing direct radar and optical
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position information on a transponder, beacon, or other
distinguishable point at or near the landing spot in the

final descent to touchdcwn. The LEM guldance package main-
tains, accessible to the crew, an up-to-date solution of the
initial conditions for abort. Computer failure does not erase
this estimate. The backup guidance system contains an abort
ascent program as nearly as possible identical with that of
the primary, and has the initial conditione inserted contin-
uously and automatically.

The crew verifies and monitors settings in the LEM
guldance system for the descent program, based on a pre-
selected landing site. In addition to monitoring the cde-
scent program and general LEM systems status, the crew in
the flareout and hover maneuver continually evaluates the
selected landing site for its suitability. The crew can
enter a new landing point into the landing program if the
initial selection appears unacceptable after observation.

It is essential that actual coordinates be inserted in the
guldance system when any change other than final selection
of the particular landing spot (within ~ 1/2 mile of hover
point) is made in the intended landing site, in order that
ascent parameters for abort or immediate launch may be &s
up-to-date and as precise as possible in the interval be-
fore an accurate post-landing determination of LEM position
can be made.

Optics are provided so that the suiltability of a
landing site zan be determined from the LEM at an altitude
ané capability point from which abort 1s still possible,
with the landing site in direct sunlight from any direction
relative to the line-of-sight. Means of identifying the
area to which the LEM 1s being guided, and means of esti-
mating the surface inclination and surface roughnces (or of



- 62 -

verifying that these quantities are within acceptable limits)
are also provided. The descent guidance profile is so con-
structed as to afford the crew at least [1] minute of such
observations on the landing spot and its immediate vicinity
before the spot passes from view bensath the vehicle.

The LEM Descent Stage Engine is cut off at zero alti-
tude by the guidance system. A parallel cut-off signal is
generated by the landing gear on sensing contact and support
of a predetermined fraction of LEM weight.

A voice 1link remains open throughout this phase
between the LEM and CM for exchange of status information,
coordination of procedures requiring Joint actions, and
provision of abort parameters.

The CM crewman tracks the LEM throughout its trajec-
tory when within range and line-of-sight. He uses the on-
board computer to evaluate the safety and accuracy of LEM
trajectory and generate and have available back-up guid-
ance and abort guidance information. This information
is transmitted to the IMCC, and to the LEM when required.

The CSM systems are maintained throughout the phase
in such a state of reediness that the CSM can undertake and
effect rendezvous with a completely disabled LEM on [ ]
hours notice.

During the entire phase, the ground tracks the
CSM and LEM, and uses the tracking information plus telemetry
from both vehicles anc crew voice reports to monitor LEM
performance and status, keep abort programs updated, and
correct CSM ephemeris. The IMCC stands by to supply abort
data to the LEM if it is required.

2.11.3 Alternate Missions and Contingencies

The modified or alternative missions available

within the nominal mission objectives involve variations of
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trajectory, duration of hover, and actual landing =site. The
probablility of such modifications is inherently so high that
provisions and doctrine for them will be written into the
misslon plan as normal "flexibility'" and the crew will imple-
ment them as needed.

Abort during this phase will be accompllshed by
accelerating the LEM into orbit. The '"normal' abort pro-
gram held by the primary and backup guidance systems will
be designed to bring the LEM to rendezvous with the CSM (with
additional burns as necessary after the initial abort ascent
burn). The irreducible minimum acceptable abort performance
is insertion of the LEM into 2 safe orbit in which the CSM
can effect rendezvous and docking without exceeding its A7
budget. An ultimate backup abort mode will be provided whilch
will be independent of inertial reference, computer function,
and automatic control function. It will use manual conftrols,
an open-loop flight program, a computation device no mores com-
plex than a slide rule, and optical and radar observations of
the lunar surface combined with time interval measurements, to
determine and control the vehicle's altitude and velocity and
assure its insertion into an acceptable orbit.

If a Descent Stage Engine malfunction occurs during
the descent, abort will automatically be initiated. Non-
accessibility of ar acceptable landing site will require abort.
Failure of either primary or backup guidance system will also
call for atort. Other system failures will not be cause for
abort unless in the crew's judgment or under the established
misslon rulez the risk incurred 1n landing is substantiaily
greater than that in the in-flight abort. The Flight Director
may command abort at any time during the descent, but will do
so without coordination with the LEM crew only in the event of
an emergency requiring abort of which the crew is unaware.
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If the crew inserts coordinates designating a change
of landing site during the descent, and the propellants re-
maining are insufficient to reach the new site, the guidance
eyetem activates a warning signal. If there is no crew re-
sponse within [15] seconds, the guidance system will auto-
matically initiate abort.

Aborts will make use of all remaining propulsion
capability. If the Descent Stage has sufficient AV remaining
to Justify 1ts use, it will be operated at full throttle to
burrnout, then staged-off, and the remainder of the powered
flight will be accomplished with the Ascent Stage Engine.

The transition will be accomplished if possible by lgniting
the Ascent Engine just before simultaneous stage-off ane cut-
off of Descent Stage Engine, so as to avoid the necessity for
a separate ullage thrusting and still assure getting clear of
the Descent Stage. There will eventually be reached a "point-
of -ro-abort" (a function of altitude, velocity, Descent Stage
prorellant remaining, and staging time), beyond which landing
is mandatory. Abort must be initiated, automatically or by
the crew, before reaching this point if the LEM will not be
within reach of an acceptable landing site. Once past this
critical point, an alarm will be activated when the propel-
lant quantity remaining approaches the amount required to
complete a landing, 1f the designated landing point cannot

be reached or if the LEM is under manual control. If there
is ro crew response within [5] seconds, the vehicle will
automatically be landed immediately.
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2.12 LUNAR SURFACE OPERATIONS

2.12.1 Phase Definition
This phase begins with touchdown on the lunar surface

and ends with the initiation of the ignition segquence of the
LEM ascent engine for lunar launch. The nominal duration is

/ 24 7 hours with an additional / 24 / hours provided for
contingencies. The phase is divided into six subphases --
Postlanding Operatlons, First Lunar Exploration, First Work/
Sleep Period, Second Lunar Exploration, Secocnd Wecrk/Sleep FPeriod,
and Lunar Prelaunch.

2.12.2 Nominal Mission
LEM-~-earth communications are available on demand con-

tinuously. However, a voice circuit 1s kept open to the IMCC
at all times and to the CSM during the entire communication
window for coordilnating scheduled events and emergenricy operations.

2.12.2.1 Postlanding Operations
Immediately after touchdown, the LEM crew periorms

a status check to verify that the LEM attitude 1s stable and
that no damage has occurred to life support and ascent systems.
If the status check- -reveals no immediate threat to their
survival, the LEM crew reports to the IMCC and the CSM that
The capability exists for a lunar stay of at least one CSM
orbit.

After the status check, the LEM crew readies the
LEM for an expeditious launch, prepares for the lunar stay, and
visually surveys the lunar surface. The nominal time allotted
for these operations is / 2_/ hours.
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To prepare the LEM for an expeditious launch, the
ascent and descent stages are disconnected. Star sightiags
are taken and the data used to align the IMU and backup
attitude reference. The LEM guidance computer computes the
launch parameters and ascent program for the first lunar
launch window based on landing site coordinates and CSM orbit
parameters in memory (see 2.11). The results of these
computations are telemetered to IMCC for verification and
for transmission to the CSM. A checkout is performed by
the LEM crew in conJunction with IMCC of all LEM systems
required for ascent. After concurrence of IMCC, appropriate
maintenance actions, if any, are taken and modes of systam
operation are selected. A report is made to IMCC on the
completion of preparations for a launch.

The capability for a LEM lunar stay of / 48 / aours
is to be ascertained. The physiological status of the crew
is determined at IMCC from crew reports and from telemetzred
biomedical data. A check is also made of the quantity of
expendables in the ECS, EPS, RCS, and propulsion system.
Until the minimum lunar stay capability is determined, the
LEM systems are maintained in modes such that a normal
launch can be made. After confirmation from IMCC, the LEM
systems not required for the lunar stay or for a launch are
powered- down.

A complete checkout is made of the PLSS and all
equlipments to be used for exploration of the lunar surface.
The checkout of the PLSS ensures that the water, electrical
power, oxygen, communication and blomedical systems are
functioning normally and that the stored experdables are
sufficient for /"4 / hnours of operation without replenishment.
All communications between the LEM, CSM and earth are checked
operationally during the CSM orbit following touchdown.
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The completion of lunar stay preparations is reported to
the IMCC and to the CSM. The decision to proceed with the
first lunar exploration is made by IMCC.

2.12.2.2 First Lunar Exploration

Although both LEM crew members will be able to move
on the lunar surface to perform scientific experiments or
to rescue a disabled sxplorer, in the iniftial lunar landing
mission(s) one crewman remains in the LEM to monitor system
performaiice and meet R&D requirements. Crew members are
capable of operating independently of the LEM for a maximum
of /74 7 hours, with a nominal operating time of /"3 / hours.
The crew task assignmsnts and work schedules are reviewed
with IMCC prior to lunar exploratiori. The crewmen close
thelr suit faceplates, depressurize the LEM cabin, and one
crewman leaves the LEM,

Upon reaching the lunar surface, the crewman tests
his coordination and mobility. The tasks on the lunar surface
include checking for physical damage to the LEM, verifying
separation of the ascent and descent stages, setting up the
erectable antenna and connecting the associated cables,
collecting selenographic specimens, and performing other
scientific experiments within {-1/2_7 mile of the landing
slte. At the completion of the first scheduled exploration
period, the crewman returns to the LEM.

During the lunar exploration, the crewman in the
LEM performs the following tasks:

(1) repressurizes the LEM cabin (or not, depending
on the planned duration of the exploration),

(2) observes the crewman on the lunar surface and
monitors his equlipment and physiological status,

(3) monitors the quantity and rate-of-depletion of
the expendables in the ECS, EPS, RCS, and pro-
pulsion system,
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(4) periodically checks the status of LEM systems
that are elither operating or in standby,

(5) controls LEM communications ilncluding those used
for voice reports, TV transmission, and telemetry
readouts to IMCC, and communications with the CSM,

(6) receives, once each CSM orbit, a set of IMCC
verified orbit parameters,

(7) participates with IMCC and the C3M in one
rehearsal of emergency prelaunch operations.

During the LEM lunar stay, the CSM crewman, in
conjunction with IMCC, verifies the operating condition of
CSM systems, particularly the quantity and rate-of-dépletion
of all expendables, by monitoring the displays and performing
in-flight checkout. CSM-LEM and CSM-earth communications
are checked operationally during the communications windows.

IMCC calculates LEM launch parameters and ascent pro-
grams for nomlnal and abort modes of ascent based on landing
site coordinates obtained from CSM optical sightings. These
calculations are made and the data transmitted to the LEM, :f required,
between /710 / and / 30 7 minutes prior to launch time.

IMCC analyzes telemetry data from the LEM and CSM to
determine the operating concition of all systems required
for the remainder of the Apollo mission. Fallures or
impending failures must be cdetected and diagnosed to determine
effects, probable cause and appropriate remedial action.

IMCC alerts the crew members when conditions exist, in either
the LEM or CSM, that require remedial action or deviation
from the nominal mission.

2.12.2.3 First Work/Sleep Period
The duration of this subphase is nominally / 7_/ hours.

The work/sleep schedule for the crew members / is required /
to conform to the following guidelines:

(1) The minimum continuous period of sleep for any
crew member will be / 2 7 hours.

(2) Each crewman will have at least / € / hours
sleep during the / 24 / hour lunar stay.
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(3) Both LEM crew members will be awake during
the lunar surface exploration.

(4) One LEM crewman will be awake during scheduled
work/sleep periods.

A work/sleep schedule for this subphase which satisfies
these guidelines is to allot at least / 3_/ hours of sleep
to each LEM crewman and {_4_7 hours of sleep in the middle of
the subphase to the CSM crewman.

After entering LEM, the crewman who was exploring
the lunar surface records his findings, begins replenishment of
his PLSS, and sleeps for the next /"3 / hours. The other
LEM crewman closes the front hatch, repressurizes the. LEM
cabin, and performs tasks similar to those performed during
Postlanding Operations to maintain the LEM in a condition
ready for an expeditious launch.

2.12.2.4 Second Lunar Exploration
In a nominal mission, the operations performed
during this subphase are similar to those already described.
At the conclusion of the second exploration, the
exploring crewman disconnects the erectable antenna and
associated cables., Fortable equipment used solely for
lunar exploration and equipment not required for ascent
or rendezvous 1s left on the lunar surface. Selenographic
specimens accumulated during lunar exploration are secured
in the storage area. The ladder used for reaching the lunar
surface is cast away and the forward docking hatch is secured.

2.12.2.5 Second Work/Sleep Period
Iin a nominal mission, the operations performed
during this subphase are similar to those already described.



2.12.2.61 Lunar Prelaunch

The obJjective of lunar prelaunch operations is to
determine and reach the best man-machine configuration to
perform the ascent, rendezvous, and docking phases of the mission.
The time allotted for these operations is /"2 _/ hours.

All prime and back-up systems required for ascent,
rendezvous, and docking are turned on in proper sequence and
checked out. The checkout is evaluated by the LEM crew, in
cenjunction with IMCC, to determine appropriate maintenance
actions, if any, and to select modes of system operation. Star
sightings are taken to obtain data for aligning the IMU and the
back-up attitude reference. A final set of updated CSM orbit
parameters is transmitted to the LEM from IMCC (or as a back-up,
from the CSM after belng verified by IMCC) and inserted in the
guidance computer. The launch parameters and ascent program for
the scheduled launéh are computed on the LEM and telemetered to
IMCC. After these computations are verified by IMCC, the operating
modes for both the primary and back-up guidance systems are selected.

During the communications interval prior to launch, a
final check is made between the LEM, CSM, and IMCC to determine
that all is in readiness and the time of launch is synchronized.
In the / 2 / minutes before launch, the LEM crew starts the
countdown and initiates the ascent engine firing sequence.

2.12.3 Alternate Missions and Contingencies

2.12.3.1 TImmediate Termination

At any time during fthe lunar stay, if conditions arise
that make further stay unacceptably hazardous or jeopardize the
ability of a successful launch from the lunar surface (e.g.,
fuel leak in LEM ascent engine), termination of the lunar stay
will be made as rapidly as possible. An expeditious checkout
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/ 1.e., 10 min._/ will be made and the LEM launched into parking
orbit. Launch from the lunar surface will awzit the next normal
launch window except for specific emergency conditions in the
LEM. PFor such conditiors, one or more ascent trajectories may
be available depending cn the orbital position of the CSM at the
time of launch. The ascent program will be selected by the LEM
crew on the basis of AV avallable and predicted time 1in parking
orbit.

If the LEM status check, which is performed just after
touchdown, reveals that the capability does not exist for a
lunar stay of at least cne CSM orbit, an immediate launch will be
made to take advantage cof the favorable CSM position for early
rendezvous.

2.12.3.2 Launch Next Launch Window

Conditions in either the LEM or CSM could result in
a decision to gquickly terminate the lunar stay (e.g., degraded
operation of CSM electrical power subsystem would require return
to earth as soon as possible). Prelaunch operations would be
performed normally or with an expeditious schedule, as in the
previous optlen, depending on the degree of urgency.

In Lthe event of an extended dlsruptlon 1n comnrunlcallons
between IMCC and the LEM or CSM, the lunar stay will be terminated
and the LEM launched during the next launch window. Under these
circumstances, launch guidance operations in the LEM and CSM will
utilize the last orbit parameters, launch parameters, and ascent
program that were verified by IMCC.

In the event cne LEM crewman becomes incapacitated,
the lunar stay will be terminated. The design of the LEM will
permit one crewman to perform the prelaunch operations and to take
complete control of the LEM for the remainder of the mission.
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2.12.3.3 Curtailed Lunar Stay

Conditions in either the LEM or CSM (e.g., greater
than anticipated depletion of the oxygen supply), may result in
the decision to curtaill the lunar stay by one or more CSM orbits.
Prelaunch operations would be performed in a normal manner.

Single faillures in the LEM or CSM are not necessarily
canse for termination of the lunar stay. If malntenance is
possible, or if one or more alternative methods are avzilable
for completing the mission, the lunar stay may be continued 1if
IMCC Judges that the probability of crew safety is sufficiently
high. If a discrepancy arises between the IMCC and crew regarding
the operating condition of CSM and LEM systems, the worst case
view will prevall and operational decisions will be made accordingly.

The declslon policy for termlnatlon of Lhe lunar slay
must be developed from a faillure-effects analysis of all LEM and
CSM systems required for the remainder of the mission. A more
definitive statement cannot be made at this time.

If during Postlanding Operations it i1s determined that
only a Z_u_7 hour lunar stay capabllity exists, one crewman will
make a curtalled exploration of the lunar surface. For a lunar
stay of less than / L_/ hours but more than / 2_/ hours, a
curtailed exploration may be made 1f crew safety 1s not unduly
compromised. This decision is made by the IMCC.

2.12.3.4 Delayed Launch

During prelaunch operations, certain conditions may
cause IMCC to authorize a delay in the LEM launch (e.g., discrepancies
between LEM and IMCC computations of launch parameters or ascent
program). Launch may be delayed for less than the durztion of the
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launch window, if remedial action can be accomplished in time.
Otherwise, the launch will be delayed for one CSM orbital period;
or if conditions exist which require the Immediate Termination
Option, launch will be delayed only until remedial action is

accomplished.



2.13 LEM ASCENT

2.13.1 Phase Definition
The LEM Ascent phase begins with initlation of the LEM
ascent engine ignition sequence and fterminates after a suecessful

ascent with the preparations for rendezvous, The phase duration
is normally / 2_/ hours, and a maximum of / 12_/ hours in emer-
gencies.

2.13.2 Nominal Mission

The normal LEM ascent consists of a powered flight, or
boost, followed by one or more segments of free orbital flight
and additional thrusting events, which bring the LEM into close
proximity toc the CSM., A final thrusting event inserts the LEM
into a co-orbit with the CSM,

The free-flight segments of the ascent must lie in orbits
all points of which are safely clear (50,000 feet or more) of
the lunar surface. There is no requirement that a CSM-LEM line-
of -sight exist at launch or during the ascent. The ascent guid-

ance program is required to calculate and control the ascent,
minimizing propellant consumption, with the launch point as much
as [ 2_/ degrees (lunar cengral_angle) from the CSM orbit plane
and the launch as much as / 14 / minutes delayed / or __ minutes
early /. If the LEM 1s not launched on schedule and/or the LEM
initial position lies out of the CSM orbit plane, trajectory
problems and propellant-cost penalties are incurred.

The simplest LEM ascent, in which the LEM lies in the
CSM orbit plane, begins when the CSM has passed over the LEM and
leads 1t by a specified small amount. The LEM is boosted direct-
ly into a transfer orbit, at perilune, at / 50,000 / feet alti-
tude. The transfer orbit's apolune lies on the projected CSM
line of movement. The LEM launch is timed to put the LEM at
apolune as the CSM arrives at the same point. A second LEM engine
burn inserts the LEM into co-orbit with the CSM. If the LEM
launch is delayed, the LEM 1is initially inserted into a
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low-altitude circular catch-up orbit instead of the transfer
orbit. In this orbit, the position (phase) of the LEM relative
to the CSM gradually advances. When the appropriate phase angle
is reached, a second thrusting inserts the LEM into transfer
orbit. At the apolune intercept a third burn of the LEM engine
effects insertion into co-orbit with the CSM.

The dwell or phasing time in the catch-up orbit is
approximately 9 times the launch delay. If launch is delayed
too long, the phasing time becomes longer than the CSM orbit
period. Rendezvous can then be achleved sooner by launching
after the next passage overhead of the CSM. This crossover point

defines a "nominal launch window"

for the coplanar case. The
LEM is launched only within a nominal launch window unless 1loss
of capabllity of launch is imminent or an unacceptable hazard

in remaining on the lunar surface has developed. A similar win-
dow and constraint will exist for any ascent geometry or mode.
Since a small variation in launch time causes the rendezvous
point to vary through the entire CSM orbital cycle, control of
the launch time as directed by the IMCC can be used to control
the general location of the rendezvous.

When the LEM at launch does not lie in the CSM orbit
plane, a corrective maneuver is necessary. This can be accom-
plished 1n any of several ways. It 1s not possible at present
to state that one is clearly preferable. The ascent plans under
consideration most closely resembling the idealization above, and
which retain the economy and safety, also require precise on-
time launch, take a long time to complete, and are sensitive to
launch errors. A second group, which deviate from perilune
insertion and apolune intercept in the transfer orbits, do
retain safe perilune clearance and flexibility in phasing time
but incur moderate to severe propellant consumption penalties
and introduce guidance complexities. A third class, using a
short direct ascent, are flexible, economical, and insensitive
to launch errors but, in them, the transfer orbits are not
everywhere clear of the surface,
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Where not affected by the uncertainties above, the
operational concept, principles, and procedures are better
established. The remainder of the discussion is essentially
independent of the detalls of the ascent guidance and propulsion
program.

The LEM crew monitors the launch event sequence to verify
ignition at scheduled clock time and lift-off of ascent stage
at the nominal time after ignition.

The LEM crew monitors trajectory and key system perfor-
mance parameters to switch to a back-up system if the prime
system is out of tolerance.

The CSM and the ground monitor the ascent trajectory
of the LEM and stand by to assist with guidance or other advice
as required. The CSM or ground supplie€ parameters when required
for orbital corrections during the ascent, and must be able to
provide back-up nmavigation information for the rendezvous. The
CSM tracks the LEM whenever possible, and derives LEM trajectory
and guidance information from the tracking data plus its own
osbit parameters and data from the ground.

During the ascent, LEM, ground, and CSM data are used
to calculate orvital corrections, The parameters are inserted
into the LEM guldance, and the correction effected, The LEM
crew acquires and tracks the CSM when in range. The LEM crew
initiates rendezvous and docking maneuvers after insertion into
co-orbit, and the CSM provides a stable target.

In the nominal mission the LEM crew prepares to commence
rendezvous maneuvers when the LEM closes within / 20 /rautical
miles of the CSM.

Both LEM and CSM homing and identifying beacon lights
are turned on before LEM launch and remain on throughout this
phase.
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2.13.3 Alternate Missions and Contingenciles

There is no abort in this phase. Misslion success and
crew safety depend absolutely upon successful launch using the
Ascent Stage Engine, and successful completion of rendezvous
with the CSM. Once the LEM ascent is started, all emergency
life support, electrical, etc., modes will be used, if needed,
to complete the ascent. There will be no reserves held back
for a possible later emergency if now needed. Foreseeable al-
ternatives and contingencies involve casualties to Guidance and
Control, to Propulsion (after first burn) to Communications,
or to Personnel.

Highly reliable back-up modes (which are permitted to
be relatively inaccurate) are required in case of serious degrada-
tion 1n the prlme guidance and control systems. As discussed
in 2.11, LEM LANDING, an ultimate backup mode is required which
canh put the LEM into a safe orbit, in which the CSM can effect
rendezvous anc¢ rescue, with all of the LEM's automatic computation,

guidance, and control systems dead. After lift-off, any means
avallable will be used and any degraded operation that cannot be
bypassed will be accepted to achieve (in order of priority):

(1) an ascent to nominal direct rendezvous; (2) an ascent to an
orblt from which the LEM can later make rendezvous with an orbit
transfer maneuver, or (3) an orbit where CSM can make a rescue
intercept.

Should the LEM be launched outside the nominal launch
window because of imminent loss of ascent capability, the CSM
must presumably effect rendezvous 1in whatever orbit the LEM has
attained (or can attain by thrusting with the RCS). If the LEM
launch is at such time that phasing time required is grzsater
than ['9_7 hours, LEM endurance capability will be excez=ded unless
the CSM alters its orbit to increase the phase advance rate,.
Additional mareuvers by both vehicles may then be required to
complete the rendezvous. Decision on the procedure will be made
by the IMCC ir consultation with the CM and LEM crew, and based
on the mission rules and the exlsting LEM capabillity. In any
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case, when i1t becomes necessary to change the CSM orbit, it
will be done only after the attained LEM orbit is determined.
Both orbits will not be altered at the same time. A casualty
to the Ascent Stage propulsion system after insertion into a
"rescuable" orbit would have essentially the same effect as
loss of LEM Guidance and Control capability. The CSM would
have to adjust i1ts orbit, using one or more orbital segments,
to effect rendezvous with the LEM. If the propulsion fallure
occurred only a small AV away from insertion into a rescuable
orbit, the Reactlion Control System might be used to apply the
final increment. The RCS may also be used to help minimize

the CSM's difficulties or propellant expenditure in eff=scting
the rescue, by making adjustments to the LEM's orbit. The

LEM can use its own Guidance and Conlrol, or data supplied by
the CM, for this purpose. Mishap to crew member could iaflu-
ence the decision to dock, but not affect the ascent itself.

If both crew members of LEM suffered mishap, CSM crew meaber
would remotely attempt to launch the LEM and effect the orbital
corrections and, if successful, complete the rendezvous maneuver
and carry out docking.

The LEM launch from the lunar surface may be deferred
for one or more CSM orbital cycles if there is malfunction of
any potentially critical nature and repair can possibly be
effected.

Total loss of communications with the LEM befors launch
will require deferring the launch for one CSM orbit so that
efforts may be made to restore the service. If restoration is
not effected, the LEM will be launched in the next window and
rendezvous will be completed in the nominal menner (as closely
as possible) by the LEM. If rendezvous has not been effected
by the normal time after LEM launch plus one CSM orbit, the
CSM will make all subsequent maneuvers and complete the rendezvous.
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Some possible casualties will with near certainty cause loss

of the LEM crew. Among these are Ascent Stage Engine failure
before attaining orbital velocity, disablement of both crew-
men before launch, mechanical fallure preventing launch or
causing crash during or zfter launch, guidance malfunction
causing crash, or attainment of an '"unrescuable" orbit. The
IMCC will make any and all decisions, arising from these or
other circumstances, concerning return of the CM to Earth with-
out completing rendezvous with the LEM.
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2.14 LUNAR ORBIT RENDEZVOUS
2.14.1 Phase Definition

The readezvous beglns when the rendezvous guidance
mode is selected (LEM an¢ CSM are /720 7/ n.m. or less apart)

and ends with completion of post-docking status check. The
phase duration is approximately / 60_/ minutes.

2.14.2 Nominal Mission
The rendezvous and docking 1s not constralned to

occur 1in any particular portion of the lunar orblt. The
location of the rendezvous 1s determined by the particular
site at which the LEM was landed, the requlrement for plane
change in the ascent phase and the time of LEM launch, The
docklng mechanisms in both the LEM and CSM were activated,

and the docking lights turned on, before the LEM launch. The
LEM computer solves all rendezvous problems, using presupplied
information and LEM rendezvous radar data obtalned during this
phase. The computer generates the vector AV required tc
approach the C3M. The CSM computes analogous AV increments
based on equivalent deta for the CSM for use if i1t should
become necessary for the CSM to effect rendezvous with the
LEM. The computed AV's are applied in a series of identical
maneuvers by the LEM ascent engine or RCS to bring the LEM to
close proximity with the CSM. When closing conditions for
commencement of the final maneuver are achleved, the LEM ¢rew
selects the manual control mode and, using the optics, completes
the approach.

In the nominal mode the docking maneuver is performed
by the LEM with the CSM stabllized. For minimum residual
angular rates the axis of the CSM and the line of relatilve
motion of the vehicles are oriented perpendicular to the CSM
orbit plane. The sense of the orientation, or the use of any
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other orientation, 1s established by coordination between the
LEM and CM crews. The LEM crew maneuvers the LEM to align
the CM and LEM docking fittings, using optics and external
visual docking alds on the CM. They adjust the closing rate
according to the remalning distance, while continulng to
malntaln the alignment and zero lnertlal angle rates to the
CSM, using the Reaction Control System. Normally, verbal
reports on progress and visual observations are exchanged by
the crews in the LEM and the CM. PRoth the LEM and the CSM
are, however, required to be able to dock without the aild

of a crew 1ln the other vehicle. [‘Both the LEM and CSM are
depressurized and have thelr hatches open during docking."7

After obtalning a solid docking, the crews determine
that no operational problems exist that require immediate
attention. LEM systems requiring monitoring or control
from the CM are set up 1n this mode. Personnel, equipment and
speczimens are then transferred from the LEM to the CSM.

The LEM 1s left attached until after the pre-injection check-
out of the CSM, 1n order that any LEM parts, batterles, or
other systems that are required by the CSM may be transferred
to the CSM.

The ground tracks both vehicles during the rendezvous
and docking maneuvers 1f the maneuvers occur within line-
of-sight of tke ground. The ground monlitors systems status
for informaticn purposes and to assess the remaining operational
capabllity of the LEM.

After the docking and transfer 1s complete, a check
1s made to determine that no damage was incurred during the
operation. Ccmpletlion of dockling and transfer, and damage
lncurred, if any, are reported to IMCC. The spacecraft crew
then begins the pre-injection checkout.
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2.14.3 Alternate Missions and Contingencies
There 1s no abort from this phase. Mission success

and crew safety depend absolutely upon completion of readezvous
and successful transfer of LEM crew to the CM,

Contingency options available include: provision of
guldance data by the CM to the LEM for completion of rendezvous;
execution by the CSM of the required maneuvers for completion
of rendezvous; docking by the CM to the LEM (including
stabilization of the LEM by command from the CM). In the
event of personnel casualty or disabllity, 1t may be necessary
for a crewman of elther vehicle to enter the other without
assistance frcm within. It may also be necessary, 1f a hard
dock 1s i1mpossible to complete, to transfer personnel and
equipment thrcugh space [rom one vehlcle to the other.

Approval of the IMCC i1s not required before undertaking this.
The necessity and the adoption of this mode will be reported
to IMCC as soon as possible.

/ If the SM has sufficient AV reserve remaining to
inject the additional LEM mass 1nto the Earth Transfer
Trajectory, the LEM may with IMCC approval be retained attached
to the CSM until the BM stage-off just before reentry. (This
1s possible with a 10% fuel margin in CSM.) /
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2.15 TRANSEARTH INJECTION

2.15.1 Phase Definiftion

This phase beglins with the LEM stage-off maneuver and
ends with completion of thepost-injection situation report. The
phase duration 1s approximately /"1 1/2 / hours.

2.15.2 Nominal Mission

Five minutes before the scheduled time for effecting
LEM stage-off, which occurs in view of the earth, the spacecraft
is oriented and held with the CSM 1n an attitude favorable for
trajectory shaping ard for uninterrupted earth communicatlons
during LEM separation. Filnal selectlion of control modes 1is
made and verified per crew check 1lst. The docking mechanism
is manually tripped, and release 1s verified by a crew display.
{—Thereafter, the Crew Commander remotely activates an LEM
sequencer that pulses the LEM RCS for a (5) fps AV in positive
X-axis translation ._7 After separation, CSM attitude 1s such
that LEM movement away from the CSM has an out of plane velocity
vector with a veloclty ccmponent that is both retrograde to the
CSM flight path vectcr and biased toward the moon. During the
first /710 _/ seconds after separation, the crew verifies
visually that docking fittings and umbillicals have cleared
normally and that the relative motion of the CSM and LEM
is satisfactory. CSM attitude 1s held untll a separation
of /7500 / feet is attailned. [/ Tracking data, using the
rendezvous radar, is obtalned to estimate the LEM orbit. /
A situation report is made to the IMCC, and attitude and
modes for cruise are established. Rendezvous aids and functions
specifically active for LEM control and for the stage-off
maneuver are powered down, Telemetry data, including a bio-
medical sampile for each astronaut, are transmitted to IMCC
for evaluation of readiness.
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Navigational data are obtained by the flight crew using
sightings on lunar landmarks, and tracking data are obtained by
the DSS. The Crew Commander verifies that the orbit remains
consistent with programmed values and the IMCC provides final
injection parameters and timlng. The crew continues to monitor
systems required for injection and for cruise operation. They
effect maintenance actions, adjJustments in operational settings,
and changes of modes that are required and authorized zfter
stage-off.

After loss of communications tetween the CSM and earth,
telemetry data recording mode is selected and the IMU is fine
aligned. Crew members are suited and strapped in maneuver
stations 10 minutes before start of the propulsion maneuver.
Operating modes for the injection maneuver are selected and
verified against crew check 1lists during the following 5
minutes. The CSM is then oriented for the maneuver anc¢ held
in the proper attitude. Gimbal trim is adjusted, and firal
crew confirmation of readiness is accomplished 1 minute before
scheduled start of injection. The G&N AV guidance and control mode
is activated.

Sequencing and guldance control during pre-ignition
and SPS propulsion are automatic, under the control of the CM
AGC as defined previously for Lunar Orbit Insertion. The crew
monitors spacecraft performance during the powered maneuver, and
is prepared to 1) make operating adjustments or select alterrnate
modes to complete the maneuver, 2) take manual override actions
to assure successful completion of the injectlon, and 3) initiate
engine cut-off manually to prevent an overburn if programmed
AV is exceeded by more than /= / fps., Monitoring during the
thrusting period is supplemented by gross visual checks of
orientation using celestial bodies for reference,
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Immediately after engine cut-off the flight crew checks
to determine 1f any operating problems require immediate
attention, and verifies that computer estimate cf attained
trajectory is within planned limits for acceptable trans-
earth ‘cruise. CSM systems are set for postinjection cruising
flight, Crew observations on system performance during the
injection are collected and summarized. Concurrently, naviga-
tional equipments are prepared for and used to obtain positional
fixes for refinement of orbital parameters. Optical sightings
on lunar surface landmarks, and navigational fixes on celestial
bodies, are used for this purpose.

Contact with the scheduled deep space station is made
as soon as the moon clears the CSM-earth line of sight. This
occurs approximately / 20 / minutes after the start of the
injection maneuver. The Crew Commander makes a verbal situation
report to the IMCC. Direct and stored telemetry data is
transmitted to the ground for IMCC evaluation. The IMCC
assists in assessing system status, and recommending appropriate
actions based on the crew's verbal reports and transmitted
telemetry. The Flight Director gives concurrence for pro-
ceeding according to nominal plan for the transearth cruise
cr revises schedules and prccedures.

2.15.3 Alternate Missions and Contingencies

If significant operating troubles arise during or
subsequent to LEM stage-off while in the lunar parking orbit,
the Crew Commander will determine whether to proceed into
subsequent subphases using back-up modes or to defer such
action for one or more orbits to permit repair attempts. In
the latter instance, IMCC will assist in assessing the seriousness
of the trouble, and will recommend specific actions, procedure
changes, and new schedules for succeeding subphases (particularly,
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the injection window for effecting transearth cruise). If the
LEM stage-off sequencer malfunctions when activated, the SM RCS
will be manually pulsed to achieve / 6 / ft. of negative

X-axis translation. After visual confirmation of clearance,

an atvitude maneuver will be performed to align the positive
X-axls of the CSM opposlite to the flight path vector then,

a velocity lmpulse of ['5_7 fps. wlll bve applied along the’
negative X-axis.

The injection must start within * /= / seconds of
the scheduled time to effect the maneuver within the allocated
fuel budget. If minor troubles disrupt normal start of ullage
or SPS firing, manual initiation of the seaquence will be
used. During the thrusting period, every eiffort will be
made by the crew to complete the injection before thrust is
terminated. Manual guldance will be used as a back-up, if
necessary, to prevent gross attitude error. Unbudgeted fuel
reserves will be expended if needed. Correctlve operating
adjustments or selection of alternate modes will be made,
when posslble, to alleviate troubles in essentlal services
or non-guidance systems. Early engine cut-off will only be
used to prevent impending SPS explosion -- in which instance;
after coordlnation with the IMCC, SPS fuel may have to be used
through the SM RCS in a continuous thrusting mode for a long
interval to correct the trajectory for effecting return to a
usable reentry point.

No abort options are available during thils phase.
However, upon recontact with the IMCC after injection. plans
can be made for shaping the trajectory during the first mid-
course for minimizing time of flight or optimizing energy
usage during the flight.

In the event that two-way communications with the earth
cannot be established during the injection phase, the phase will
be completed as scheduled, or according to programmed abort
plans, to a planned landing point. One-way transmissions will Dne
sent "blind" periodically to advise of actions taken and
planned schedules.
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2.16 EARTH TRANSFER CRUISE

2.16.1 Phase Defirition
This phase begins upon completion of the post-injection

situation report and continues until completion of SM stage-
off, except during the intervals associated with midcourse
corrections as previously defined in 2.7. Duration of the
Earth Transfer Cruise is from /762 to 110 / hours. The
final /72 / hours of this period are used to prepare for
and complete the SM stage-off.

2.16.2 Nominal Mission
Operations during routine cruise are simllar to those

1n the Lunar Transfer Crulse and, in general, are as described
in 2.6. Ground-based tracking and spacecraft navigaticnal
observations are continued until the trajectory 1s determined
to an accuracy adequate for guidance computation. Periodic
voice reports and telemetry data, augmented by system checkouts
assoclated with each midcourse maneuver, are used to monitor
status and assess flight capabilities. Data from scientific
experiments are transmitted to the DSS as scheduled.

One crew member continuously monitors CSM systems
for controlling modes and attitude. After the injection
situation report, two crew members remove thelr spacesuits
and start the rotating work/rest cycle for the return flight.
This cycle normally continues without interruption until [’2_7
hours before starting the SM stage-off operation. When possible,
non-critical operating troubles are cleared without disrupting
sleeping schedules, by using alterrative modes and spare
electronic packages. However, sleep and rest periods may be
édirsupted or omitted, when troubles exist in essential services,
1f the outage period will jJeopardize crew safety or vital
maneuvers. All crew members have thelr spacesuifs on at least
1-20_7 minutes before stage-off.
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in genreral, the non-sleeping, standby astronaut
performs all authorized maintenance actlons durlng the drifting
flight intervals between guldance maneuvers. He also makes
scheduled navigation and scientific observations, system
checks, and observes personel relief periods. Mldway between
the last two planned midcourse corrections, a passive system
check i1s made of capabillitles that have bteen 1dle throughout
the bulk of the mission, but will be essential for some
portion of the interval between SM stage-off and earth landing.
This allows ample time, 1n case of trouble, for coordlnation
between the IMCC and the flight crew 1n maintenance actlons,
changes 1n procedures, or establishment of emergency configurations.

The IMCC provides precise orbital parameters, calculates
refined guidance parameters to be used for each maneuver, and
sets mission schedules. After the final mlidcourse correction,
the Flight Director establishes the schedule for SM stage-off
preparations. Adequate time is allowed,within solid coverage
by the DSS, for 1) completing all preparations and effecting
minor corrections or changes (1 1/2 hours), 2) performing
the stage-off (5 minutes), 3) observing separation drift and
estimating SM trajectory (5 minutes), and 4) verifying that
previougsly determined trajectory parameters for reentry can
be used (5 minutes). Navigatlion observations by the crew and
ground tracking data are used at the IMCC to obtain adeguate
precision for establishing the reentry point and desired re-
entry maneuver profile,

Ground tracxing coverage is essentially continuous

until / 20 / minutes before reentry. SM stage-off is normally
completed 4_30_7 minutes before reaching the reentry point.
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Prior to stage-off, the crew.and the IMCC
monitor key status information for any indications of problems
that wlll affect operations at and after stage-off. If none
are detected, final IMCC concurrence to proceed 1s given
[_10_7 minutes before stage-off. The flight crew establishes
equipment modes required for stage-off and planned vehicle
orientation /5 / minutes before stage-off. / 30 _/ seconds
before stage—off, the Crew Commander makes the final con-
firmation of critical display values and control settings.

Then he arms the SM stage-off circuit. At the end of count-
down, he initiates the stage-off by activating the stage-off
circult.

The stage-off is performed with the CM X-axlis aligned
with the flight path vector. The SM stage-off circuit starts
an SM sequencer that fires the pyrotechnics which sever CM-SM
structural, service, and instrumentation connections, and cause
the SM RCS to thrust all -X engines until they burn out. CM
valves and switches automatically shaift to internal services.
The flight crew switch the communications systems to CM
antennas and verifies that the CM RUS pressurizes and activates,
and that the power supplies stabllize on batteries.

Crew displays are used to confirm that appropriate
sequencing occurs and that stage-off 1s complete. After 10
seconds and confirmation of SM RCS firing, the CM 1s rotated
for visual observation of separation rate and direction. The
crew checks that no operating problems have arisen due to the
stage-off, set configuration for post-stage-off flight while
taking into account any known deficiencies, and makes a
situation report to the IMCC.

The IMCC is able to confirm, by tracking, any change
in the CM reentry point due to SM separation, and this informa-
tion 1s sent to the crew prior to loss of DSS contact. The
CM G&N system computes any such changes from cnboard measurements.
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This ends the stage-off subphases. In case the SM stage-off
i1s delayed beyond loss of contact with the ground, the phase
ends when the Crew Commander verifies to his own satisfaction
that the SM is separated at least / / feet from the CM.

2.16.3 Alternate Missions and Contingencies

The effects of operating problems that arise during
Earth Transfer Crulse could be limited by changing the operating
modes, the number of midcourse corrections and other scheduled
actlivities, and the amount of communication with the ground. At
least a brief situation report will be transmitted at / six_/
hour intervals as a minimum during the cruise., and continuous
volce communication would be highly desirable during midcourse
maneuver phases, the SM stage-off phase, and, when coverage ls
available, the reentry phase.

Possibilities of an alternate mission are limited to
effecting an emergency abort trajectory for minimizing the
time of return flight or shaping the present trajectory by a
minimum thrust budget to effect a successful reentry (in case
of SPS malfunction or serious fuel depletion). These alternates
will be used only at last resorts. Where possible, reliance
on back-up equipment would be preferable because the altered
trajectory disregards the deployment of recovery forces in
the primary and secondary landing areas. The decision to
initiate either of these extreme altervates will be mads through
crew-IMCC consultation and concurrence, unless all two-way
communications with the earth have been lost. In that event,
the crew will transmit information "blind" on the intended
action before initiating the maneuver. During the remaining
crulse, the crew will transmit information '"blind" periosdically,
while continuously attempting to reestablish two-way voice
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contact with the ground. /2 / hours before reentry, all CM
transmitters will be actlvated and all modes used in an attempt
to establish two-way contact wlth the groudd and permit ground
tracking of the CM by any tracking station.

For mission planning, it is assumed that, under any
clrcumstance, the SM fuel would not be sufficlent to deboost
into a parking orbit from which a rescue could be effected
by an earth launch and intercept, bzfore CSM essential supplies
are exhausted. Reentry with the SM attached would be an
acceptable emergency option.

During SM stage-off preparations, i1if problems are
encountered that reduce capabllity for separate CM operations,
stage-off could be delayed by either the Flight Director or
the Crew Commander. Depending on the nature and scverity of
the problem, the IMCC could offer instructions for clearing
or limiting the effect of the difficulty by use of a different
mode, change of configuration, or alteration of steps in the
stage-off sequence. The latter involves reducling the time
allowed for ground tracking, elimination ground tracking
altogether, or delaying the SM stags-off to emergency limits.
Similar decisions will be made by the Crew Commander in case
of loss of ground contact or when demanded by the urgency
of the problem. SM stage-off would be initiated in all cases
at least / 10 / minutes before nominal reentry to allow %time
for reorientation of the CM and drift of the &M to a safe
separation distance before experiencing the effects of the
atmosphere.

If the SM RCS firing is not confirmed at stage-oif,
the astronauts would delzy 30 seconds and then use the CM RCS
to move the CM to an orientation where the SM could be observed.
Then, they would use the CM RCS to obtain sufflcient separation
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velocity to insure that the SM will be a minimum of 1,000 ft.
away from the CM at the expected reentry point.

If the primary guidance system of the CM were not
operable for reentry, the flight crew and the IMCC would
select a manval control strategy that optimizes the CM
attitude control. They would coordinate the implementation
of the selected strategy.



2.17 REENTRY AND LANDING

2.17.1 Phase Definition
This phase begins at completion of SM stage-off and
ends at touchdown. Its duration is /45 to 60 / minutes.

2.17.2 Nominal Mission

Upon completion of stage-off, the crew makes the changes
in modes and settings to establish the configuration for reentry,
In the event of a change in the desired landing point, new

coordinates will be supplied by the ground before loss of
communication. Such information from the ground will be
received, verified, and stored in the computer. Trajectory
information for updating requires the use of a standard form
['position, veloclity, and time_7 for acceptance and insertion
into the computer without alteration in existing routines.

From completion of the stage-off phase, up to /710 /
minutes before reentry, the Crew Commander may select the
most desirable made of operations for earth observation for
navigation purposes, to minimize sun heating or radiation
exposure, or may allow the CM to drift (monitoring is needed
to protect against IMU gimbal lock). By [-10_7 minutes
before reentry, the Crew Commander orients the SM to the
attitude for reentry. He verifies that all necessary .mode
settings for reentry are proper by /5 / minutes before reentry
and at that time makes a final chec¥ of critical control
and display settings. He selects the automatic reentry guidance
mode for attitude control and stands by to monitor critical
parameters during the maneuver.

The reentry trajectory has four parts. The first part
is a dive into the atmosphere using aerodynamic 1ift to achieve
a zero altitude rate. The onboard computer calculates a
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reference trajectory for the remaining parts. In the second
part, the AGC flies the CM according to the calculated
reference trajectory either to the edge of the atmosphere or
to the proper altitude for the third part. The third part
consists of elther a sub-orbital skip out of the atmosphere or
a constant altitude part which patches onto the fourth part,
which is an equilibrium glide to the point of parachute
deployment. During the initial descent, 1ift may be directed
down 1f the trajectory 1s near the skip-out limit of the
entry corridor, or it may be directed to the side 1f there
is a large lateral range to make up. During the atmospheric
portions of the flight after the initial pull-up, roll commands
are generated by the AGC based on the difference between
measured and predicted values of drag, and on the difference
between calculated and predicted values of altitude rate
for the calculated trajectory. Lateral range control 1s effected
by calculating lateral range capability and performing roll-
over maneuvers as needed to keep the touchdown point within
the range capability. TrajJectories generated by the G&N
system are selected to be compatible with steering strategies
planned for emergency manual take-over assuming such take-
over could occur at an agrbitrary time during the entry.

The crew verifies that .05g deceleration occurs within
/ 5 _/ seconds of the anticipated time, and that deceleration
and heating plots stay within profile limits on the respective
indicators. They observe indicated attitude to verify that
it remains stable at%t prescribed values of pitch and yaw, and
that inertial roll orientation is controlled to follow the
proper flight path. The spacecraft Commander 1s prepared
to switch to manual control in case of guidance malfunction,
loss of primary orientation reference, or automatic orienta-
tion control trouble.
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There are no G&N requirementsfor communication with
or tracking of the spacecraft from the time the entry point
1s reached untll the flnal descent and landing. However,
communication will be attempted whenever feasitle (e.g., until
blackout occurs, during a skip maneuver, and throughout the
final descent and landing). The CM transmits telemetry data and
has a tracking channel actlive throughout the entry phase.

A tracking station in the vicinity of the pull-up
obtains tracking data to determine 1) the time, positlon and
altitude at which zero altitude rate occurs, 2) the velocity
and flight path angle at the start of the balllistic part
(at 300,000 feet altitude), 3) the position of the second
entry point, and 4) whether the landing polnt lies within the
ranging capabllity of the vehlcle. Thils ship will attempt to
establish communication with the CM to relay to the crew
the ground's calculated time, position, and velocity at
the second entry (300,000 feet). If the landing point lies
near the edge of the CM's ranging capabillity, this fact will
be relayed to the CM also. It the chosen landing point 1lies
outside the ranglng capability, the coordinates of an alternate
landing point will be relayed to the CM. The command data l1ink
wlll be used as the prine communications link, and the volce
circuit will be used as a back-up.

Depending on the ground coverage, after the end of the
communlcations blackout, exchange of all or only some of the
deslred information may be effected. The spacecraft crew will
use this information as a cross check agailnst onboard derived
data in determining whether any adjustments 1n parameters
should be made for the final reentry profile. Regardless of
success 1n communication relay with the CM, the data results
at the tracking ship are sent to IMCC and the Recovery Control
Center during the ballistlic portion of flight. The estimates
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are used 1in deciding on any last minute changes in plans for
the search and recovery phase, for alerting units as to timing
and angles for aerial sightings, and for sector searches

after impact.

At 25,000 feet, the forward heat shleld is Jettisoned
by pyrotechnics followed by drogue chute deployment by mortar,
At 15,000 feet the drogue chute is released and the pilot
chutes are deployed by mortar. The main chutes are deployed
in a reefed condition for 6 seconds and then disreefed. The
HF/VEF antenna is deployed manually and the recovery beacon
is turned on. The remaining RCS fuel will be burned in a
manner that will not 1nterfere with the parachutes, The main
chutes are released automatically at touchdown. During this
scquence the crew monitors event sequence and temporarily
inhibits or manually initiates these events if, in their
Judgment, such action is needed to effect a safe landing.

During the glide and landlng, appropriate ground
elements make visual and electronic searches. If contact
is established, sighting reports will be transmitted to
IMCC and Recovery Control Center giving time, location,
distance and direction of flight, and any other pertinent
data. If telemetry or volce communication contact is made
by any unit during the ballistic or glide or landing
portions, a brief situation report will be relayed to IMCC
and RCC. Assistance or information that the spacecraft
crew can use will be provided, if avallable,.

Search and Recovery forces adjust their positions as
new predictions on the landing point are made available. The
forcesmonitor direction-finding receivers to make position
information contacts during the landing phase. Such contacts
will be repcrted to IMCC and RCC as soon as possible to assist
in defining the search area, 1f search 1s reguired.
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2.17.3 Alternate Missions and Contingencies

If stage-off 1s completed on schedule but conservation
of battery energy 1s necessary, the crew will set non-critical
functions to standby or power-off (e.g., S-band communications
system, ailr recirculation fans, etc.). Power to the IMU and
computer should not be disturbed, unless absolutely necessary.

It the primary guildance system becomes lnoperable,
manual control and other back-up modes will be used to
achleve a suborbital condition within heat and acceleration
design limits. If avallable, computer driven displays will be
used to fly the spacecraft to the primary or secondary landing
site. Otherwise spacecraft attitude will be controlled to
remain within acceptable acceleration and heating limits,
accepting any landing point attainable without skip-out.

During the final descent, sequential steps 1n deploying
landing aids may be manually initiated or delayed.
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2.18 SEARCH AND RECOVERY

2.18.1 Phase Definition
The search and recovery phase begins, in mission time, at

CM touchdown and ends when the crew is returned to a designated

area. However, the phase may begin in the pre-launch phase or weeks
after the scheduled touchdown of the spacecraft due to the possibility
of an alternate mission including aborts curtailing or extending

the nominal mission time. The distribution and planning of

recovery forces must reflect this variable time of initiation.

2.18.2 General Recovery Operations

Recovery operaticns under the Recovery Director at the
IMCC are, in general, conducted by the Department of Defense
wlth the assistance, as required, of other government agencies.
NASA supplies technical assistance in the development, evaluation,
and procurement of special equipment for search, communications,
plck-up and post-flight cperations with the spacecraft.

The recovery philosophy uses planned and contingency
landing support as in previous manned space flight. The planned
landing support is situated to cover the most probable landing
areas from the Pre-Flight Phase through the Reentry and Landing

Phases that may result from the selection of an alternate mission.
The planned support is a '"dense" distribution of recovery forces

provided so that the crew can be recovered from any landing point
within the specified areas within NASA-designated access times

for the area. The contingency support is a "loose" and flexible
distribution of recovery forces situated so that all physically
possible landing points can be reached within a NASA-designated
time for each point. The maximum time allowable to locate and
render assistance to the crew is based on 72 hours of maximum life
of the post-landing batteries. Special requirements placed by the
nominal and alternate mission are discussed in paragraphs below.
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Before launch, a primary landing area is designated for
the nominal termination of the mission. This area 1is selected
on the basis of trajJectory optimization (launch window, fuel
usage), existing recovery capability, climatology, economical
use of recovery forces to cover alternate and nominal mission,
and the desire not to overfly populated areas.

The required planned landing support will be developed
as a trade-off between the guldance capabilitiss of the Apollo
program and the recovery force requirements. Wwhere possible,
the spacecraft will be controlled to a landing in such a way as
to minimize recovery requirements. Conversely, planned recovery
force deployment will be made to reduce the guidance complexity.

The primary landing area recovery capability can be
implemented as the mission proceeds because the nominal mission
is about a week long.

2.18.3 Special Requirements
From the time the LES is armed until /~ _/ secords after
the launch, the launch site area will be covered. Durirg this

period, recovery must be rapid because of the hazard to recovery
personnel caused by the proximity oZ the launch vehicle. Recovery
procedures and equipment must take into account this double hazard.
From the time of launch until after orbit insertion, the
launch-abort area will be covered. This area will extenc across
the Atlantic almost to Africa and will be wide enough to accommodate
a varying launch azimuth. Recovery need not be as rapid in this
area as in the launch site area.
During the period of up to 4 1/2 hours ol earth orbit,
a recovery capabillity, preferably making use of forces planned
for launch coverage, will be maintained to permit at least one
landing opportunity on each orbit. The Flight Director and Crew
Commander will be briefed on preferred landing areas where, in
addition to contingency support, there 1s a tracking or existing
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recovery capability. This planned and contingency suppcrt will be
relied on in the event that a longer duration earth ortit is
selected as a mission alternate.

One primary or one or more secondary areas will be required
for support after translunar injection. Generally there will be
a cne to four-day advance notice to the recovary forces of the
larding area to be used for an abort during this period. 1In all
probabhility, if an abort is initiated after injection, the
trajectory of the spacecraft will be shaped so that a ccntrolled
Janding will be possible in either the primary or one of the secondary
landing areas. Recovery forces must be capable of covering two
such areas, one in the Atlantic and one in ths Pacific, within
sufficient time to be 1in position at touchdown. Once a choice of
landing site has been made and the trajectory shaped to use it,
the other site will not be needed.
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B OPERATIONS ORGANIZATION
(to be supplied in next draft)




APPENDIX A

This appendix to the Skeletal Operations Plan contailns
the Mission Profile and Event Charts for the Apollo Lunar Land-
ing Mission. The Mission Profile lists the significant sequential
mission events with their time duration relationship. The time

intervals are approximate, but do indicate the time necessary for
each event.

The event charts show events that occur simulatneously.
The first column of the event charts lists the major events
found in the Mission Profile. The second column shows the approxi-
mate time required to accomplish the event. 1In general, each
phase shown on the chafrt begins at zero time. However, for
phases which are orbit oriented, typical orbits are provided
with an orbit reference beginning time.

1. PREFLIGHT Time
Duration

A. Pad And Network Preparations Subphase 14 days

Move the space vehicle to launch pad

Position the space vehicle LUT on pad,

level and lock down

Position arming tower on pad

Pert'orm an inspection to determine any

transfer or moving damage prior to connecting

active pad systems to the space vehicle

Activate pad ground support eqguipment

Position "normal" recovery forces, tracking

ships, and the "abort" recovery forces that

will be located at remote areas

7. IMCC transmits preparation status messages to

MSFN and to DOD sites

IMCC calls for MSFN simulation exercises

IMCC, LCC, AMR, and down range station begin

insertion measurement system checkout

10. Conduct calibration checks of bio-medical and
space vehicle displays to the IMCC

11, Insert initial conditions and trajectory data

into the guidance computers
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12,
13.
A
15,
16.
e
18.
195
20,
Bils
22,
23.

24,
25

Terminal Countdown Subphase

A-2

Time
Duration

Perform comprehensive preliminary "all
systems'" simulated launch test

Perform RF interference tests

Perform space vehicle sensor calibrations
Transmit final operational procedures,

rules, etc. to MSFN

Verify recovery network and control center
operational simulation

Condltion and install all space vehicle

carry on eauipment

Perform pyrotechnic arming

MSEFN fully mission operational

Load and verify performance of the space
vehlcle high pressure gas system

Verlfy proper instellation and performance
capabilities of fuel cells

Confirm fuel venting and replenlishing systems
performance capabllity

IMCC assumes control of MSFN and communication
network

Conduct '"closeout'" at pad

Perform with LCC, IMCC, MSFN and other principal
elements a complete flight simulation for final
verification of readiness of space vehicle,
launch facilitles, MSFN and IMCC

24 hrs

Ly

(IR Ne eV

Begin terminal countdown usling countdown
clock to synchronize all future mission
operatilons
Time synchronization verified by IMCC
Complete final computatlion of orbit
parameters, trajectories, launch window,
and radar acqulsition data
Position "abort" recovery forces located
in immedlate areas
Verify IMCC final operational checkouts and
calibration:

High speed interface checks

Teletype poll

Radar slew tests

Mission trafflc rules

GMT-time synchronization



10,
L3
T
135
14,
15,
15,
748
18,
19,

20,
&l

O O

o IR

O QAT

458

Time
Duration

Voice communication. loop tests
Trajectory run

Guidance tests

Bermuda interface checks
IMCC-LCC voice checks

Remote site status checks
Telemetry summary message

Perform space vehicle fuel system precooling
and loading preparations

SIVB liquid oxygen

SII liquid oxygen

SIC liquid oxygen

SIVB liquid hydrogen

SITI 1liquid hydrogen

Remove arming tower

Remove CM and LEM '"carry on'" equipment
Clear all critical personnel from launch
area and perform final preparation for
cryogenic loading

Load cryogenic propellant

Begin 100% fuel load replenishing operation
Load pneumatics to flight pressure

Insert crew

Perform final range safety command checks
Confirm all stations go status from IMCC
Verify pre SIC engine 1gnition sequence
Initiate space vehlcle fuel cells

Start SIC engine ignition seguencer

Verify SIC center engine ignition and confirm
firing of remaining engines

Release space vehicle pad hold down arms
Verify space vehicle lift-off



PAD AND NETWORK FREPARATICN
SPACE VEHICLE MOVE TO PAD
DEPLOY “NCRMAL" RECOVERY

& TRACKING SHIPS

IMCC, 1CC & AMR
DOWN RANGE CHECKS

PERFORM “ALL SYSTEMS"
LAUNCH SIMULATION

CONTROL CENTER & RECOVERY
MSFN SIMULATION TEST

TRANSMIT FINAL MISSION
SOP & GROUN® RULES

DEPLOY “ABORT" RECOVERY FORCES

IMCC FINAL CHECKOUT
AND EQUIPMENT CALIBRATION

TRANSMIT COUNTDOWM
DATA SUMMARY (MSFN)

FINAL ORDNANCE INSTALLED

FLIGHT SIMULATION TEST

LOCK-DOWN, LEVEL, INSPECT
& CONNECT S VTO PAD

ARMING TO\WER UTILIZATION

VERIFY SPACE VEHICLE
OVERALL OPERATION

RF COMPATIBILITY TESTS
INSTALL SPACE VEHICLE

CARRY-ON EQUIPMENT

SIMULATED & LIVE FULL
PRESSURE TEST
PROFELLANT TANKING &
ECS, CDS & EDS CHECKS

“CLOSE-OUT" AT PAD

TIME-DAYS

4 13 12 I 10 9 8 7
| 1 1 1 1 1 1 ]

NOMINAL

é 5 4 3 2 |
i 1 L 1 i I

-

1 PRE-FLIGHT
LEGEND
- TIME REQUIRED FOR MISSION EVENT
@ VARIABLE TIME REQUIREMENT

r":._. EVENT MAY OCCUR OVER A TIME INTERVAL

C -



TERMINAL COUNTDOWN

HYPERGOLIC LOADING

RP-1 LOADING

INSTALL FINAL PYROTECHNIC

ARMING DEVICES

RF SYSTEMS CHECK

HIGH PRESSURE
GAS LOADING

INSTALL FUEL CELLS
AND CHECKOUT

ARMING TOWER
UTILIZATION

RANGE SAFETY
COMMAND CHECK

CRYOGENIC LOADING

FUEL TOPPING -REPLENISH

CREW EMBARKATION

SPACECRAFT CHECKS

TIME-HOURS

NOMINAL

5 4 3 2 1 0

l 1 l 1 1 l

1

PRE-FLIGHT
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LAUNCH PHASE (12 minutes)

A. SIC Flight

dg
21

Q

0o

e.

Lift-off
Flight stage S1C
Vertical rise and execution of roll
program
Commence gravity turn
Occurrence of maximum dynamic pressure
SIC/SII separation sequence
Center F-1 engine shut-down 1nitilated
Center F-1 englne out
Outboard F-1 engines shut-down initiated
and SII ullage initiated
Outboard engines reach 10% thrust and
first-stage separation inltilated
SIC retro-rcckets fire

SII Flight

oW o FHFwnH

-]
HO Qo O -

J-I1 engines start signal initiated

Begin J-IT chill-down

J-I1 start tank opens

Begin J-TII thrust build-up

90% thrust level reached

Commence closed-loop guidance

Forward portion of SIC/SII interstage
jettisoned

LES Jettison

Disable automatic abort

Begin SII/SIVB separation sequence
Center J-1I engine shut-down 1initiated
Center J-II engine out
Outboard J-II engines shut-down inltlated
Ullage thrust 1nlitiated
Separation initiated

Retro-rocket thrust initiated

C. SIVB Flight

~N O\ Fw o+

SIVB roll control system activated

SIVB engline start sequence ilnitiated
Start tank discharge valve opens

Main stage signal initiated

Ullage off

90% thrust level reached by J-II englnes
SIVB first cut-off

Time

L5045

15D

397.

(SRR B (D

5

0

®r =G 1e e

Duration

sec

sec

sec

sec

sec

Sec

SecC

sec

SecC

Sec

Sec

sec



c

100

SECONDS
T

800
i

S-1C/S-11 SEPARATION SEQUENCE 5.5 SEC.

S-Il FLIGHT 397.5 SEC.

CLOSE LOOP GUIDANCE

S-1C/S-I1 INTER STAGE
JETTISON A
LES JETTISON 5 SEC.

S-11/SIVB SEPARATION SEQUENCE 5 SEC.

SIVB FLIGHT 165 SEC.,

2. LAUNCH
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EARTH PARKING ORBIT (90 to 300 minutes) Time
Duration
Orbit Cruise 90-300 min
1. Insertion achieved 2 min
a. SIVB main engine cut-off
b. Insertion into safe orbit determined by crew
c. Verification of insertion received from IMCC
d. Position mission sequencer to '"safe"

2. Monitoring and status reporting Periodic
Monitor LV- EDS

Monitor CSM. MDS

Monitor LEM. EDS

Systems status report to IMCC

3. Orbit cruise preparations 14 min
Ad just crew systemg for orbit cruise

Perform IFTS check

Set up ECS for orbit cruise

Prepare tape recorder for recording data

during periods of no ground contact

Check and monitor ECS parameters

Check and monitor EPS parameters

Check and monitor SM- RCS (four subsystems)

. Perform biomedical checks

4, Prepare for orbit determination 3 min

Q.0 oo

Q0 oo

503 O

a. Navigator positioned at G&N station

b. Activate and checkout optics, map viewer
and AGC panel

c. Check G&N system status

d. Check SIVB RCS status

e. Switch attitude control from SIVB to space-
craft

5, Orbit determination 8 min

a. Adjust attitude via hand control for land-
mark sighting

b. Set deadband to minimum position

c. Select landmark area on map viewer

d. Enter orbital navigation sighting program into

AGC

Zero optics

Select opftics mode (direct)

Sight through telescope

Roll to landmark

Center landmark in optics

Disable automatic attitude deadband

. H 0] Hh D
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B0 A0 oo

A-9

Center landmark using minimum impulse
control stick
Mark sighting (enter angle and time into AGC)
Recenter landmark
Mark signting (enter angle and time into AGC)
Request position and velocity solution from
AGC
Transmit onboard computer values to IMCC
Receive IMCC verification of acceptable on-
board values for orbital determination
Secure G&N station
Switch atvitude control from spacecraft to
SIVB
. Select G&N monitor mode
Checkout of spacecraft guidance and control
systems (in addition to normal status reports)
Check IMU against SCS reference
Exercise and check all SCS modes
Exercise and check all G&N modes
Exercise and check all attitude controls
(thrust levels, pulse rate, deadbands,
gain., ete;)
Exercise and check all manual controls (note
reaction and indicators)
Coordinate and confirm all checkouts wi th
the IMCC
Checkout of launch vehicle guidance and con-
trol systems
Exercise and check all crew control modes
Coordinate and confirm all checkouts with
the IMCC
Receive checkout summary from the IMCC
Command vent the SIVB
Read pressure in SIVB fuel tank
Read pressure in SIVB. LOX tank
Depress and hold command vent button
Monitor pressure drop in SIVB fuel tank
Monitor pressure drop in SIVB LOX tank
Release command vent button
Prepare for orbit determiration (Same as 4)
Orbit determination (Same as 5)
Checkout ECS

Time

10

U1 oW

Duration

min

min

min

min
min
min



12

L3
T8
15.
16,
17,
18.
19,
20,
=
22,

23.

Q,

O Q0 oW

HX kTl

S 3

a.
b.

C.

Q,

Prepare for orbit determination (Same as 4,
except d. and e.)

Check SM-RCS status

Disable SIVB attitude control
Orbit determination (Same as 5)
Checkout of EPS
Command vent SIVB (Same as 8)
Prepare for orbit determination (Same as &)
Orbit determination (Same as 5)
Checkout of communicatilons
Checkout of SPS
Command vent SIVB (Same as 8)
IMU fine align preparations (Same as 4)
IMU fine align

Program AGC

Zero optics
. Prepare optics for IMU fine alignment
Set CDU for IMU fine allgnment
Adjust attitude via hand control for
navigation sightling
Set deadband to minimum position
Locate star and landmark in telescope
Center star and landmark 1in telescope
Disable automatic attitude deadband
. Use minimum impulse control to center
star and landmark or second star in sextant
Center and mark (AGC reads angle & time)
Enter star code into AGC (star code listed
on maps viewer)
Enable AGC fine alignment program
. Secure G&N station
Injection preparations
Final 1nJjection guldance parameters sent
to the LV by the IMCC
Final inJection guldance parameters sent
to the spacecraft by the IMCC
Final injection guidance parameters verified
by crew and inserted 1nto the AGC
Time to 1gnition set and verified
Crew systems positioned for the 1njection
maneuver

Time
Duration

3 min

min
min
min
min
min
min
min
min
min
min

= —
1w\ O U1 00w O @

=

3 min



ORBITCRUISE

INSERTION VERIFICATION
MONITOR AND STATUS REPORT

ORBITAL CRUISE PREPARATIONS

ORBIT DETERMINATION! PREPARATIONS
ORBIT DETERMINATION

CHECKOUT SC GUIDANCE AND CONTROL
CHECKOUT LV GUIDANCE AND CONTROL
COMMAND VENT S-I¥VB

CHECKOUT ECS

CHECKOUT EPS

CHECKOUT COMMUNICATIONS

CHECK OUT SPS

IMU ALIGNMENT

INJECTION PREPARATIONS

2 MIN,
PERIODIC

14 MIN.

3 MIN.

8 MIN.

10 MIN,

3 MIN.

5 MIN.

5 MIN.

10 MIN.

5 MIN.
10 MIN.
18 MIN.

3 MIN.

MINUTES

20 40 &0
i 1 1

80
1

140

i

3. EARTH PARKING ORBIT

[I=Y
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4, TRANSLUNAR INJECTION (35 minutes) Time
Duration
A. Injection 25 min
1. Pre-ignition interval 5 min
a. Visual check of displays
b. Manually vent SIVB
c. Verify attitude of SC and hold for ignition
d. Verify SC main engine control position -

null hold for ignition
. <Start ullage rockets
2. 1Ignition sequencing 5 sec
Ignition signal
. Ullage thrust developed
. Main engine valves open
Enable thrust vector control
. Engine thrust -- 90%
3. SIVB propulsion 311 sec
a. Terminate ullage thrust
b. Full engine thrust developed
¢, Verify attitude and thrust vector control
d.
e.

(1)

®QooR

Close main engine fuel valves
Thrust taill-off
4, Post-ignition 17 min

a. Power down main engline equlpment

b. Enable attitude hold

c. Perform SC subsystem checks

d. Perform celestial navigation sightings
(Same as)3.A.12. and 3.A.5. except steps
9, D, Q.

e. Establish voice and TLM communications link
with IMCC

f. Translunar injection voice and TLM status
report to IMCC
g. Resume ground tracking

B, Transposition Declsion lo_pin

1. Flight Director detcrmines safety of S i
transposition maneuver

2. Flight Director establishes timing and 5 min

furnishes transposition schedule - must occur
a. Within vent-free interval of SIVB
b. Before SIVB RCS and electrical energy falls
below minimum limlts
¢. During ground communication period



INJECTION
PRE-IGNITION INTERVAL

IGNITION SEQUENCING

S-I¥B PROPULSICN

POST IGNITION

ORBIT DETERMINATION

STATUS REPCRT

TRANS?GSITION DECISICN

3 MIN.

5 SEC,

311 SEC.

17 MIN.

11 MIN,

5 MIN,

10 MIN.

MINUTES
12 16 20 24 28 32

1 1 1 1 i i

=
atl

36

4. TRANSLUNAR INJECTION

€l-v
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5. TRANSPOSITION AND DOCKING (20 to 35 minutes)

A. Transposition and Docking

O Qa0

H S50+

BB mo

(V]

(]

30

om

Transposition

LV vent-manual command / 5 to 12 minutes /
IMCC commands LV attitude hold (minimmum
deadband, minimum cycle limits)

SC-LV control circults disconnected
Adapter separation filring circults armed
Crew Commander positions couch to docking
position

Select G&N attitude hold mode

Set deadband to minimum position

Adapter separation fired

Initiate SM RCS thrust (along +X axils) for
separation

Perform 180° turn with SM RCS

Check visually to ensure adapter panels have

cleared immediate area

CSM apex cover opened

CSM alignment probe extended

CSM latching mechanisms extendecd

Docking

Visually check relative motion of the
LEM/SIVB
Control SM RCS thrusting wlth translational
control stick to close with LEM/SIVE
Visually center CSM alignment probe on
LEM/SIVB X axis
Close CSM to LEM/SIVB with closing velocity
of 1 fps (transverse veloclty less than

0.5 fps)
CSM alignment probe centered and engaged in
LEM allignment and attenuztion cone
Final closlng effected
Latching mechanlisms engaged
Select G&N monlitor mode
CSM/LEM interface cables connected
Report completed docking to IMCC

Time

Duration

27 min

17 min

10 min



Time
Duration

Launch Vehicle Jettison 6 min

RHD L0 SD.

Q0 oP

(D

Q0 TP

LV stage-off 3 min

Arm stage-off firing circuits / IMCC

command or crew action_/

Select G&N attitude hold mode

Filre stage-off cilrcults

Stage-off effected by SM RCS thrusting

Crew confirms stage-off with IMCC

IMCC commands LV attitude to best orientation
Crew / visual sighting_ / reports safe
separation distance

Post stage-off 3 min

Deploy hlgh gain antenna

Perform CSM status check

Perform LEM status check

Report net change of trajectory due to
maneuvering and venting

Prepare for translunar cruise

Monitoring and status reporting Periodic

Monitor LV -EDS
Monitor CSM--MDS
Monitor LEM EDS
System status report to IMCC



TRANSPOSITION

DOCKING

LV STAGE OFF

POST STAGE OFF

MONITOR-STATUS
REPORT

0
1

MINUTES
e T S S S

36

e

10 MIN,

3 MIN,

3 MIN,

PERIODIC

5. TRANSPOSITION.AND DOCKING

?l-v
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LUNAR TRANSFER CRUISE (60 - 110 hours)

Preparatory Cruilse

e

13+
14,
L5,
16.

Position SC attitude for optimum
Ground communication
Radiation protection
Navigation observations
Monitor CSM systems throughout phase
Obtain and maintain communication link
Voilce-CM to IMCC
R-R tracking
CSM telemetry
CSM up-data _
Perform CM-IMU alignment (Same as
3.A.12, and 3.A.22.)
Conduct CSM operational checkout
Perform LEM-entry preparations
Attach and checkout PLSS wlth space sult
Enter and close off pressurized boarding
passageway
Open CM docking hatch
Open LEM docking hatch
Check chamber pressure and leakage rate
LEM entry
Activate LEM lighting and intercom
Activate primary checkout services
Adjust primary services for stable operation
Verify primary service operation
Terminate CSM operational checks
Orbit determination (Same as 3.A.12. and
3.A.5. except steps o, p, q.)
Conduct LEM operational checkout
Report to IMCC operational discontinuities
Complete remaining CSM operational checkouts
prior to next navigational observation
Begin LEM-IMCC approved maintenance procedures
Orbit determination (Same as 6.A.9.)
Begin CSM-IMCC approved maintenance procedures
Orbit determination (Same as 6.A.9.)
Perform CSM-IMU alignment (Same as 6.4.4.)

Time

Duration

6 hrs

Continuous

Continuous
Periodic

18 min

30 min
30 min

20 min

11 min
20 min
30 min

As required
i gidn
As required
11 min
18 min
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Prdpare to exit LEM
Power down non-essential LEM equipment
Select designated modes or other systems
and adjust for optimum performance
Activate CM-LEM remote monitor and control
equipment
Establish final coordination with CM be-
fore withdrawal
Return to CM
Seal LEM and CM docking hatches
Bring boarding passageway to CM cabin
pressure
Reenter CM cabin
Remove PLSS and prepare ifor recharge
Orbit determination (Same as 6.A.9.)

Routine Cruilse

Midcourse correction preparation
Based on previous subphase navigational
observations, determine orbital elemerts
to adequate accuracy
Store orbital parameters in CM AGC
Schedule midcourse correction
Store midcourse correcticn parameters in
CM AGC
Store preferred abort parameters in CM AGC
Monitcr LEM and CM systems throughout phase
Two crew members remove space sults and per-
form work/rest cycles -
Orbit determination and R-R tracking only 1f
further refinement of orbital elements 1s
needed
Conduct periodic scheduled CSM TLM and voice
transmission
Updata channel information avallable on volice
request
Conduct scilentific experiments
This subphase 1s suspended at desilgnated
times in order to perform midcourse cor-
rections. The subphase 1s resumed after
completion of all but the final mldcourse
correction

Time
Duration

20 min

15-min

11 min
12-hns

10 min

Continuous

11 min

Periodic
Periodic

Periodic
Periodic



CI

1.

140,
116

A-19

Lunar Orbit Insertion Preparation

Conduct navigational observation every
é5 min%tes until end of phase. (Same as
A.9. 5
Maintain R-R tracking until SC passes
behind moon
Apply power to equipment necessary for
lunar insertion and abort options
Conduct in-flight check to verify opera-
bility and to evaluate endurance - transmit
TLM to IMCC
Perform IMCC approved operating adjustments
and maintenance procedures or rest cycle
Store guildancs parameters necessary for lunar
insertion and contingency abort operations
in CM-AGC
Report to IMCC readiness for lunar insertion
on schedule
IMCC authorlzss SC to proceed with insertion
as scheduled
Verify loss of communication when CM-earth-
moon eclipse occurs
Power down S-band communication
Activate TLM recording mode

"Perform CM-IMU alignment (Same as 6.A.4.)

Verify crew r=sadiness for major-propuision
maneuver
Stow loose CM equipment
Obtain proper SC orientation for lunar
insertion
Select minimum deadband limits
Prepare TLM recorder

Time

Duration

2 min

10 min

20 min

60 min

10 min

18 min
20 min



A. PREPARATORY CRUISE

BIMSLLBSANALIE.  common
MU AUGNMENT 18 M,
CSM OPERATIONAL CHECK OU! B NN,

LEM ENTEY PREPARATIONS 0 MmN,

LM ENTRY 20 MmN,
OKAIT DEYLRMINATION " e,

LEm OFER, CHECR OUT 0 MIN,

LEM MAINTENANCE AS 8LQUIRED
CSM MAINTENANCE AS REQUIRED
UM £X17 PIEPARATION 0 MIN

UM txe 15 M

B. ROUTINE CRUISE

SCIEN! I Expanmat 1T} “CHEORED

CREW-vORr TST
CyCiE

" MIN
ORIY DETERMINATION A3 EQUIRLD
MIOCOURS COtMCTION
PREPARATION PMEY
MINCOLRTY COMCTION A5 MIN/T MK
C. LUNAR-ORBIT INSERTION
PREPARATION
IMU FINE ALIC pasil a1 L3
NAVIGATICNAL OBSERZATION "
APPLY POWLE 10 INSERTION EQUIR, LR
INFLIOHW © i T M~
AD)USTMENTS -MAINTENANCE /OX €0 MIN,
RESTCYCLE
STORE G UIDANCE PARLUETERY 10 M,
EARTH Vid@nits
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6. LUNAR TRANSFER CRUISE
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7. MIDCOURSE CORRECTION (60 to 72 minutes)

g

Guidance Calculatlons

®R HHo

Q0 CP

N O CuHeS0Q -

Pre-IMU alignment and guldance calculation

Verify ground communication link as 1in
Section 6.A.3
Begin static checkout of SM main engine
Obtalin from IMCC

i Required AV increment

2 Start time

5 Duration of burn

4) Position and velocity

5 Attitude

6) Contingency abort information
Enable AGC for computation of guldence
parameters using IMCC start time
Compare IMCC and SC guldance parameters
Begin static checkout of SM RCS
Switch IMU Lo operale

IMU alignment (Same as 6.A.%4)
Post IMU alignment
(If CM RCS propulsion system is used)delete
steps b.c.d.f. and k)
AGC compute center of gravity
Generate command engine gimbal angles
Switch control mode to G%N AV
Manually position engine gimbals
(pitch and yaw) - AS-GPD
Synchronize AGCU-AGAP to G&N system

Switch control mode to G&N attitude control

Monitor SC attitude using FDAI

Stow loose gear

Perform final check

Manually insert AV increment (AV display
panel)

Manually insert "thrust tail-off"

(AV display panel)

Propulsion Maneuver

a.

Pre-ignition
(If CM RCS propulsion system is used, delete
steps c¢.f. and g.)
For SPS operation switch mode select to
G&N AV mode

Time

Duration

60 min
30 min

18 min
13 min

7 min
2 min



b. For RCS operation switch mode select to
G&N attitude control

¢c. Monitor gimbal trim -- AS/GPD

d. Communicate go status to ground

e. Monitor attitude using FDAI and time to
thrust

f. Arm propulsion system

g. Ullage thrust inltiated by AGC

SM propulsion
AGC 1nitiatesignition
AGC terminates.ullage
Ignition full thrust
Monitor attitude and thrust vector
Monltor trajectory controlled by AGC
AGC generates engine cut-off signal
Automatic gimbal motor power down
SM RCS propulsion
AGC initiates X translational thrust
AGC terminates RCS thrust
Post-ignition
Verify engine cut-off
Verify AV achieved
Change mode select switch to G&N attitude
control or SCS attitude control depzanding
on next phase
d. Verify that nc operating troubles have
occurred - situation report to IMCC

dmwmrmnaodm'

oo‘m.

Time
Duration

Varilable -
’seconds)

5 min



MINUTES

40 60
(I) 210 1 . .

100
]

GUIDANCE CALCULATION 30 MIN. _

(MU  ALIGNMENT

POST IMU ALIGNMENT

PREIGNITION

SM PROPULSION

POST IGNITION

2 MIN, l
VARIABLE
(SECONDS) |
5 MIN.,

7. MIDCOURSE CORRECTION

£e-
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8. LUNAR ORBIT INSERTION (30 minutes) Time
Duration

A, Insertion Maneuver 30 min

1. Pre-ignition sequencing e sec

a. SM RCS ullage thrust is developed
(X translation)

b. SM engine start signal is automatically
generated

2. SM Propulsion 322 sec

a. Ignition - full thrust 1s developed

b. SM RCS ullage thrust 1s terminated

c SC attitude and thrust vectors are controlled
for trajectory shaping

d. Engine cut-off signal 1s automatically
generated; pressurization valves are closed

e. Thrust tall-off. Gimbal motors are powered
down. An attitude hold is effected

3. Post-insertion checkout 25 min

a. The crew confirms that no serious operating
problems exlst, and the achieved trajectory
shows a safe perilune

b. CSM operating modes and settings are
established for initial cruising flight.
A performance status summary 1is complied

¢. Conduct periodic lunar altitude measurements
and surface sightings

d. Conduct celestial navigation sightings

e. Activate S-bard communication - voice, TLM,
and ground R-HE tracking

f. End of CM-Lunar-Earth eclipse

g. Reestablish ccmmunication link. A situation

report is made to the ground and coordination
is a2ffected. After a 3 minute direct sample
of CSM-TLM data has been received at the ground
terminal, the eclipse TIM is transmitted

h. Phase 1s terminated



PREIGNITION

SM PROPULSION

POST INSERTION CHECK OUT

ORBIT DETERMINATION

SURFACE SIGHTING

EARTH VISIBILITY

REESTABLISH COMMUNICATIONS

2 SEC

5 MIN, 22 SEC,

25 MIN.

11 MIN,

IMIN.

MINUTES
8 12 16
L]

=2

=

24 28 32

[

8. LUNAR ORBIT INSERTION
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LUNAR ORBIT CRUISE ( 1 1/2 to 50 hours) Time

I~

(0oLN| (O) TR O

10.

~NONn U FE wPpH

Duration

Initial Cruise 60 min

Conduct navigational observations every 2 min

10 min. until orbilt determination confidence

is achieved

gositi§n SC for optimum attitude (same as Continuous
.A.1.

One crewman monitors CS8M and pertinent LEM Continuous

systems continuously throughout phase

CSM systems are sequentlally checked between 15 min

navigational observations to confirm opera-

bility for extended one man attendance

IMCC confirms that orbit is acceptable for 10 min

the lunar landing phases

Conduct IMCC apoaroved CM maintenance as

required

Begin crew member rest period

Ground tracking, TLM, voice channels, and Periodic

updata channels are avallable on request

throughout the phase

One crewman enters LEM and begins LEM

activation after the first fly-by of the

landing area

The moon obstructs CM-earth line-of-sight and 47 min

blocks communications. Ncn-essential systems

are powered down

LEM Checkout and Separation 190 min

CSM systems are continuously monitored Continuous
LEM systems are adjusted for manned operations 15 min
Conduct periodic altitude measurements to the 2 min
lunar surface from both CM and LEM

Compare CM and LEM IMU alignment data 30 min
Activate S-band communication systems in

both the CM and LEM (same as 6.A.3.)

Updata channel 1s avallable upon request Periodic
The moon clears the CM-earth line-of-sight
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LEM in-flight operational checks

Secord LEM crewman enters LEM

Conduct periodic navigational observations
from the LEM using lunar surface landmarks
Landing area observations are made from the
LEM during the second fly-by
LEM checkouts are completed and the crew
confirms operability

IMCC authorizes CSM-LEM separation to
proceed

SM RCS 1is used to orient and hold the
vehicles with minimum deadband

LEM RCS 1s used to achieve separation
Conduct dynamic LEM checks and confirm
operability

Trarsmit 3 min. sample of CM and LEM TLM
The moon obstructs the line-of-sight to the
earth and blocks communications. Non-
essential systems are powered-down

The CM-LEM wvolce channel and rendezvous
radar communications are used for
monitoring each other's status

Other CM-LEM communication channels are
activated and thelr operation is verified
sequentially
Conduct periodiec LEM navigational observa-
tions
Conduct LEM IMU alignment
CM ard LEM systems and attitude are
controlled independently to:

Maintain mutual communications

Make visual lunar observations

Obtain planned scientific data
The moon clears the CM-LEM-earth line-of-

sight. Reestablish and verify communications

(same as 8.A.3.g.)

IMCC-generated final revised parameters for
LEM equiperiod transfer maneuver are stored
in trte LEM AGC and in the CM AGC for
advisory monitoring

LEM crew prepares for propulsion maneuver

Time
Duration

30 min

2 min

6 min

3/5 min

47 min

2 min

18 min
Continuous

5 min



Time
Duration

22. Verify that PLSS units are available for 5 min

emergency use
23. IMCC recelives final readiness report from

CM and LEM
24, IMCC-authorizes lunar descent
25. Orient LEM to begin descent 2 min
26. Orient CM for LEM tracking and observation 2 min
27. Adjust and verify LEM gimbal trim 2 min
28. Final clock synchronization one minute before

end of subphase

Independent CSM Cruise 24 hrs

1. Power down CSM eguipment not required for
normal cruise operations (IMU, etc.)
2. Monltor CSM system performance except during Continuous

a. Scheduled rest periods
b. Scheduled navigational observations
c. LEM support functions
Position spacecraft for optimum attitude Continuous
(same as €.A.1.)
4. Align secondary attitude system 10 min
5. Perform in-flight systems check and IMCC- 30 min
approved adjustments and maintenance as
required

6. Activate ground communication one minute prior
to earth visibility. Upon contact transmit
and receive
Volce situatlon report
3 minute real time TLM
Recorded TLM since last contact
Cround tracking -- 10 minutes
Updata orbital elements and abtort parameters
7. Periodic navigational observations using 2 min
lunar surface landmarxs
8. Activate LEM-CM communication system one
minute befcre LEM-CM mutual visibility
a. Voice channel -- coordination, exchange of
mission data, and progress reports
b. Rendezvous tracking

O 0O o



Time
Duration
9. CM-LEM mutual visibility 15 min
a Conduct visual observation
b. Communication contact
il General Status
2 Contingency launch plenning
5 Timing information
L Pertinent operations exchange
( Conduct optical measurement at zenith passage
10. Power down LEM-CSM communication equipment
upon loss of contact
11. Power down CSM-earth communication equipment
upon loss of communications due to CM-moon
earth eclipse
12. Start new orbit
13. Conduct IMU alignment (same as 6.A.4.) during 18 min
the last orbit prior to LEM ascent
14, Rest period every 3rd orbit 2 hrs
D. Post Docking Cruilse 50 min
1. Establish routine cruise modes
2. Monitor and control as in 6.A.2.
3. Stabillize cabin pressure for non-sulzed 2 min
occupancy
4., Two crew men remove space suits and begin 10 min
5 minute personal relief reriods
5. Conduct navigational observations using lunar 2 min
surface altitude and landmarks
6. Conduct in-flight systems checkout On demand
T. Establish communication centact prior to 5 min
earth-CM-mocn eclipse
a. Volce situation report
b. 3 minute real time TLM
c. Recorded TLM until end cf period
d. R-R ground tracking until end of visibility
8. Power down communication equipment
9. Conduct celestial navigational observation. 2/18 min
Conduct CM IMU alignment, (Same as 6.A.4.)
during last orbit before LEM stage-off.
10. Begin first crew member rest cycle period 30 min
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Begin second crew member rest cycle period
Activate ground communication one minute
prior to earth visibility. Upon contact
transmit or receive (Same as 9.C.6.)

Conduct navigational observation using lunar
surface altitude and landmarks

Activate R-R equipment for 10 minute sample
while transiting the earth-moon center line
End second crew member rest cycle

Conduct navigational observation using lunar
surface altitude and landmarks

Begin third crew member rest cycle period
Repeat phase as number of lunar orbits requilr

LEM Stage-Off Preparations

Checkout and verify operability of systems
needed for transearth injection maneuver
Conduct in-flight checks

Transmit in-flight check TLM to ground _
Crew-IMCC evaluation of any operating adjust-
ments or maintenance to be performed before
ifngeection,

Perform IMCC approved adJjuastments or
maintenance

Set and verify guidance parameters

Final crew confirmation of readiness for
propulsion maneuver

Phase terminated

Time

Duration

30 min
5 min
2 min

10 min

2 min

30 min
e

30 min
5 min
15 -mid

10 min

As required

5 min
2 min



EARTH VISIBILITY 8 COMMUNICATION 75 MIN,
INITIAL CRUISE
NAVIGATIONAL OBSERVATIONS 2 MIN.
SYSTEMS CHECK S MIN.
CREW REST PERIOD 30 MIN.

FIRST LEM CREWMAN ENTRY AND OCCUPATION
LEM CHECKOUT AND SEPARATION

CM-LEM IMU ALIGNMENT COMPARISON 30 MIN.

LEM INFLIGHT CHECKS 30 MIN,

SECOND CREWMAN INTRY AND OCCUPATION

LEM SEPARATION 15 MIN.
DYINAMIC LEM CHECK 3 MIN,
NAVIGATIONAL OBSERVATION 2 MIN.
LEM IMU ALIGNMENT 18 MIN.
LEM ORBIT TRANSFER PREPARATIONS 20 MIN,

MINUTES
0 40 8 120 160 200
i

= U =h 1 1 L

240 280
1 J

P b Ayl
l N\ N\

1st LUNAR ORBIT 2nd LUNAR ORBIT

L=TIME OF LUNAR ORBIT INSERTION

9. LUNAR ORBIT CRUISE

3rd LUNAR ORBIT

IE~V



INDEPENDENT CSM CRUISE

EARTH VISIBILITY AND COMMUNICATION 75 MIN,

LEM SITE VISIBILITY & COMMUNICATIONS 15 MIN,

LEM SUPPORT

LEM ZENITH PASSAGE MEASUREMENTS

ALIGN SECONDARY ATTITUDE SYSTEM

NAVIGATIONAL OBSERVATIONS

IN-FLIGHT CHECKS
CM-IMU ALIGNMENT

(LAST ORBIT)

CREWMAN REST PERIOD
(EVERY THIRD ORBIT)

POST DOCKING CRUISE

STABILIZE CABIN PRESSURE

CREW RELIEF PERIOD

NAVIGATIONAL OBSERVATIONS

CM-IMU ALIGNMENT

LEM STAGE OFF PREPARATION
GROUND COMMUNICATION

INFLIGHT CHECKS

ADJUSTMENTS AND MAINTENANCE

PROPULSION-MANEUVER
READINESS

MINUTES
40 60
1 i

15 MIN.

3 MIN.

10 MIN,

2 MIN,

30 MIN,

18 MIN,

2 HR

—O

L= TIME OF LUNAR INSERTION

MINUTES

40 60
1

2 MIN,

10 MIN,

2 MmN,
18 MIN,

CCNTINUOUS

15 MIN,

AS REQUIRED

10 MIN,

9. LUNAR ORBIT CRUISE (CON'T.)

—3
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10. LEM DESCENT TO PERILUNE (30 tc 150 min.) Time
Duration
A. Propulsion Maneuver 0.5 min

NOTE: A detailed descripticn of the LEM
descent propulsion procedure is
attached as an addendum to phase 10.

LEM crewman initiates ignition sequence
Propulsion interval
a. LEM crew monitorssystem performance
b. CSM tracks LEM with rendezvous radar
c. CSM calculatesLEM trajectory and abort
parameters -- transmitted to IMCC and
LEM
d. Ground DSS tracks CSM and LEM
e. IMCC provides CSM ephemeris, LEM descent
trajectory and ascent data for abort
f. Maintain voice link between LEM and CSM
3. Propulsion termination

o+

B. Coast to Perilune 30/150 min

1. Post thrusting activities
a. Evaluate achieved orbit for safety;
determine perilune altitude

b. LEM crew monitorssystem performance

c. LEM radar tracksCSM to update abort
program

d. Determine orbit parameters

e. Verify accessibility of certified landing

site.
2. Final preparations for powered descent

a. LEM crew establishes modes for powered descent
to lunar surface

b. Perform final update of guldance parameters
for descent maneuver

c. Flight Director authorizes descent and
landing

d. LEM crew executes propulsion procedure

e. LEM crew / enables_/ ignition sequence

f. LEM crew initiates ignition
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ADDENDUM

SEQUENCE FOR LEM DEGSCENT PRUPULSION

1l. Pre-Ignition Sequence
a. Set up guidance and conftrol
(1) Determine and insert {or verify inserted values
best data on present LEM orbit parameters and
coordinates
(2) Determine and insert (or verify) best data on
present CM orbit parameters and coordinates
(3) Select program (set up in computer)
(a) Origin (state or condition at beginning
of maneuver): Parking orbit (Essentially
same as CM's), Transfer orbit, or other orbit
(b) Destination (state the maneuver is intended to
attain): Transfer orbit, commencement of
powered descent burn, return toc parking orbit
(rendegzvous), other orbit.
(¢) Options, where available: Time of execution,
: orbital pass of execution, other
(d) Other required data insertions:
1. Mode selection (if available)
2. Landing site coordinates
3. Attitude control
. Attitude for commencement of maneuver
. Time of assumption of attitude for commencement
Whether attitude assumption to be automatic
(on enablement of igrnition sequence or other
signal, or by program initiated by such
signal) or manual with automatic "hold"
until commencement of burn
Attitude program during thrusting: '"hold"
constant (for short-duration impulse
type burn as for orbit conversion or small
change) or relate to thrust vector {for
long burns involving large velccity changes,
as for powered descent)
e. Attitude control logic (use of main engine
gimbals and RCS) is built into the computer
4, Corrected mass of vehicle
5. Propulsion variations: ISP, propellant
temperature, others?

o|ote

|
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(4) Align IMU

(a) Will be done in nominal missior /~ _/ minutes
before conversion to transfer orbit; and in
transfer orbit before commencement of powered
descent 1f more than /  / mlnutes are spent
in Transfer Orbit. iR

(b) May be omitted before emergency or non-
nominal thrust events

(5) The following characteristics are bullt 1nto the

o’

descent program fixed memory and sre not inserted
each time
Eag Type of transfer orbit (Equiperiod or Hohmann)
b Powered descent trajectory logic and sequence:
Minimum fuel, gravity turn, proportional
navigation, letdown
Ec) Thrust program
d Abort ascent program

Set up propulsion

(1) Verify critical parameters (propellant quantity,

pressure, temperatures, controls, etec.

(2) Enable ignition sequence

(¢]

oo

oOoQao0ooCc ®

(

H

(0]

E

(a) Verify attitude correct and holding

Initiate ignition sequence

Ignition Sequence 5
Ullage Jets cut in (T - / /)
Ullage thrust develops and continues
Descent stage pump valves open; pumps start,
maln engine valves open
Main engine ignition: T + O

Propulsion Interval 3
Pull thrust developed by T + /- /

1) Responds properly to throtfle commands
Ullage jets cut off by T + / 7 _
Ullage thrust terminated by T ¥ / 7

Propellant accumulators recharged by T + /~ /

Monitor and veérify attitude (1) held, or T2)~

1
b

matched to thrust vector, as set up in G&C system
AV, velocity, altitude, position, follow prescribed
program; thrust vector controlled to regulate tails
Interval ends at achievement of (1) required ¥V or

(2) required V and position

Propulsion Termination
Initiated by:
g G&C sensing attainment of required V or AV, or

Sensing of touchdown and support of LEM weigat
by lunar surface

(3) Command of pilot (in case of abort, emergency,

change of mission, or fallure of sulomatle control’
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b. Pumps shut off; main valves shut
¢. Thrust reduced to zero by sec, after command

5. Post-Thrusting Activities
a. Survey for damage to vehicle
b. Verify safety of present situation and probable
duration or condition of safety
El Perilune clearance if in orbit
2 Stability, etc., if on surface
c. Assume attitude(s) required for navigational
observations, tracking, communications, and thermal
balance



PROPULSION MANEUVER 0.5 MIN.
COAST TO PERILUNE 29.4 MIN.
POST THRUSTING 20 MIN.,

ACTIVITIES

FINAL PREPARATIONS FOR 20 miIN,
POWERED DESCENT

MINUTES

0 20 40 60

| | |

10 LEM DESCENT TO PERILUNE



1h15°)

LEM LANDING

A.

1
2.

3.

D

2,

3
C.

wmEwnp

A-38

(8 minutes)

Powered Descent, First Section

a.

b.

LEM crew initciates ignitioan sequence
(see note 10.A.)
LEM propulsion
Crew monitors descent program and general
system status throughout propulsiorn
maneuver
Most of horizontal velocity 1s removed
LEM guidance will maintain updated atort
parameters throughout phase

Powered Descenz, Second Section

Begin increasing weighting of supplemaentary
radar/optical data on surface and larding

site

LEM guidance pitches LEM toward vertical posi-
tion

Begin optical evaluation of landing site

Hover and Landing

a.

Horizontal and vertical velocity brought to

Zero

Verify landing site

Begin final descent, with position acjustments

Touchdown

Propulsion termination
Using zero lunar surface altitude as a
control parameter the guldance system
generates engine cut-off

Time

Duration

4 min

2 min

2 min



LEM PROPULSION

POWERED DESCENT, FIRST 4 MIN.
SECTION

POWERED DESCENT, SECOND 7 pmN.
SECTION

HOVER AND LANDING 2 MIN,

MINUTES

1

LEM DESCENT

6€
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LUNAR SURFACE OPERATIONS (24 hours) Time

1

il

2,

Duration

Postlanding Operatlons 2 hrs

a.

QoW

[elea

Qoo o,

0

iy

Short status check

Determine that nothlng has occurred to life 2 mif
support and ascent systems that precludes

remaining on the surface for at least one CSM

orbit (i.e., approximately 2 hours)

Launch guidance preparations 10 min

Separate ascent and descent stages
Star sightings and IMJ allgnment
Compute launch parameters and ascent
trajectory for next launch window
Volce report and telemetry readout to
IMCC on completion of a,b, and c.

Checkout and maintenance of ascent systems 50 min

Conduct checkout of all systems required
for ascent

Determine maximum avallable lunar stay time
During a.,transmit telemetry data and volce
reports

Perform IMCC approved adjustments and
maintenance

Lunar Stay Preparations 60 min

Checkout PLSS and sclentific 1nstruments
Visual survey of lunar surface

Operational check of LEM-CSM communications
Turn off or place in standby equipment not
essential for lunar stay or expedited launch
Review with IMCC crew task assignments and
work schedules for lunar exploration

Review emergency prelaunch operations

Lunar Exploration (Two at 3 hcurs each)

a.
b.

a.

Egress operations 30 min

Depressurize LEM cabln, open forward
hatch, and secure ladder
Egress of one crewman tc lunar surface

Actlvites on lunar surface

)
2
3
N
5
6

Pre-exploration 1nspections and setup 30 min
Establish volce contact with LEM
Examine surface characteristics of
landing site
Test physical coordilnatlor. and mobillty
Inspect exterlor of LEM for damage
Verify separation of ascent-descent stages
Deploy directional TV antenna and connect
cables
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b. Take picutres with TV and film cameras
c. Collect selenographic specimens
d. Perform other planned scientific
experiments within /71/2 / mile of LEM

e. Closeout of exploration

1) Disconnect television antenna and

assoclated cables
2) Wherein possible leave scientific

instruments and portable equlpment
on lunar surface
3) Return to LEM and climb ladder to
forward hatch
3. Activities of crewman inside LEM .
a. Supporting operations for exploration
1 Repressurize LEM cabin
2 Establish voice contact with crewman
on lunar surface, observe his activities,
and report status to IMCC
3) Control all LEM communication to IMCC
and CSM
b. Maintain LEM in condition for expeditilous
launch
1) Monitor onboard displays and perform
checkout of systems that are operating
or in standby
2) Receive IMCC verified orbit parameters

C. Work/Sleep Period (Two at T hours each)

1. Ingress operations
a. Depressurize LEM cabin
b. Exploring crewman enters LEM
c. Repressurize LEM cabin
d. Begin replenishing PLSS of exploring crewman
2. Exploring crewman sleeps
3. Other crewman maintains LEM in a condition
ready for an expeditious launch. Crew members
reverse roles 2 and 3 for second half of this
period
4., (CSM crewman sleeps

Time

Duration

30 min
40 min
4O min

10 min

60 min

30 min

180 min

240 min
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Time
Duration
Lunar Prelaunch 2 Rrs
1. Operational check of LEM-CSM and LEM-IMCC 15 min
communications
2. Equipment turn on, checkout and maintenance 90 min
a. Turn oh, 1n proper seguence, the LEM
prime and back-up systems required for
ascent, rendezvous, and docking
b. Conduct checkout of all systems
c. During a., transmit telemetry data and
voice reports
d. Perform IMCC approved adjustments and
maintenance
3. Launch guidance preparations 60 min

a. Synchronize LEM clock

b. Star sightings and IMU alignment (including
warm up

Receive updated orbit parameters

Verify landing site coordinates

Compute launch parameters and ascent program
for scheduled launch window

f. Voice report and telemetry readout to IMCC

g. Recelve verification from IMCC on computations
h.

[V *Ne!

in ¢. and e.
Align rendezvous radar for CSM acquisition 10 min
4, Final readiness check between LEM, CSM, and IMCC
a. Recelve confirmation of CSM readiness from IMCC
b. Establish LEM-CSM communications
@ Acqguire and track CSM with rendezvous radar
d Synchronize time of launch
5. Countdown to launch 2 min
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LEM ASCENT (82 to 172 minutes) Time

NOTE: A detalled description of the sequence

Duration

for LEM ascent propulsion is an
addendum attached to Phase 13.

Powered Ascent 6 min

LEM crew monitors event sequence and initilates
and verifles ignition at scheduled time

CM and LEM tracWseach other, when in range and
line-of-sight i1s open, with rendezvous radar
Ground and CSM monitor tra ectory and provide
guldance parameters as required

First Orbital Segment 30-60 min

. (If launch is exactly on time and no plane
change is required, insertion is directly
into transfer orbit; skip to "C" below).

= wnp &

LEM crew monitors event sequence and verifies
AV and cut-off at correct time

Verify safe orbit

LEM, CM, IMCC computes attalned orbit parameters,
compute guldance data for next maneuver

Prepare for propulsion event for conversion

to transfer orbit when proper phasing and/or
plane relationships have been attained

Second Orbital Segment 30-90 min

s W

a.

LEM crew monitors event sequence and

initiates and verifies 1gnition at

scheduled time

LEM crew verifies AV and cut-off at correct

time

Verify that new orbit is safe and has 80-mile

apolune

LEM, CM, IMCC computesattained orslt parameters

Prepare for midcourse correction (if required)
IMCC providesguidance parameters for
midcourse correction

Midcourse Correction 30 sec

LEM crew monitors and verifies event sequence
and initiates and verifies ignition at
scheduled time
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Time
Duration

2, LEM crew verifies AV and cut-off at correct
time

3. LEM-CSM-IMCC calculate new orbit parameters

4, M, IMCC supply guidance parameters for
rendezvous orbit

5, Insertion Into Rendezvous Orbilt 30 sec

1. LEM crew monitors and verifies that thrusting
maneuver proceeds as scheduled and proper AV
is attained

F. Preparation For Final Closing And Docking 15 min

1. Track CSM for relative orbit data
2. Calculate closing maneuver
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ADDENDUM

SEQUENCE FOR LEM ASCENT PROPULSION

1l. Pre-Ignition Sequence
a. Set up guidance and control
(1) Determine and insert (or verify) best data on
resent LEM parameters
§a§ Orbit parameters if in orbit
b Position and time
(2) Determine and insert {(or verify) best data on
resent CM parameters
Ea§ Orbit parameters
b Position and time
(3) Select program
(a) Origin (state or position at beginning of
maneuver): surface, catch-up orbit,
transfer orbit, rendezvous orbit, emergency
(abort ascent) orbit or other
(b) Destination (the state the maneuver is
intended to achieve): Catch-up orbit
transfer orbit rendezvous orbit, rendezvous,
emergency (abort ascent) orbit, orocther
(c) Options where allowed: Time of execution,
CM pass of execution, other
(d) Other required data insertions: attitude
for commencement of maneuver, attitude hold
or control program, time of assumption of
attitude, whether attitude assumption to be
automatic (on enablement of ignition
sequence or other signal) or manual; corrections
to mass of vehicle, corrections for propulsion
variations (propellant temp; others?§
(4) Align IMU
(a) Will be done before ascent from surface except
in emergency
(b) May be omitted in subsequent thrust events
depending on time and data available
b.. Set up propulsion

(1) Verify system parameters (propellant quantity,
pressure, temperature, controls, corrections
for variations, etec.)

(2) Enable ignition sequence: close switches bringing
power to essential systems not powered except
during thrusting and to controls for these giste:s

(a) Attitude for commencement of thrust should

have been assumed and should be being held
by this time, wverify
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c. Initiate ignition sequence

Ignition Sequence (Automatic program scheduled tc
result in 90% of required thrust at calculated cr
inserted in G&C system)
a. Ullage jets fire (not required for ascent f'rom
Surfaceg
b. Ullage thrust develops and continues
¢c. Ascent stage pump valves open; pumps start, main
engine valves open
d. Main engine ignition; thrust builds up 90% full
thrust (~3150 1b.) at T = O

Propulsion Interval _
Full thrust (3500 1b.) developed by T + /7 sec.
. Ullage Jjets cut-off by T + /~ / <l
Ullage thrust terminated by T + /= 7/ 5
Propellant accumulators recharged by T + /= /
Crew monitor and verify attitude (controlled”
entirely by RCS) held at proper value or controlled
according to program or thrust vector requirements;
control manually if automatic performance (primary
and baclkw=up)outside limits
f. Crew monitor critical flight parameters: AV, V, altitude,
position. Verify (and assure, by manual switch-
over) shift to back-up mode if primary deverges from
limits) Assume manual control if required
Interval ends at achievement of required V or &4V
and altitude
h, The irreducible minimum of performance in ascent from
the surface 1s achievement of a safe orbit. All
trade-offs and optimizations are dominated by this
requirement: thus, any attalnable orbit parameters
are acceptable if not - accepting them (e.g., insisting
on, or trying for a better orbit) somehow prejudices
that objective

OO0 o

o for &

Propulsion Termination
a. Initiated by:
glg G&C, sensing attainment of required V or AV or
2 Command of pilot (in case of resort of manuzl
bac¥;upmode, or of failure of automatic cut-
off
b. Pumps shut off, main valves shut
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c. Thrust reduced to zero by / / sec., after command
d. Attitude continues held at last value or 1s shifted
automatically to programmed value

Post-Thrusting Activities
a. J3urvey for damage to vehilcle
b. Ascertain safety of orbit (Clear perilune)
gl From primary guidance system read-out
2
3

From back-up guidance system read-out
c. Commence preparation for next thrust step

From CM tracking data 1f avallable



POWERED ASCENT

FIRST ORBITAL SEGMENT

SECOND ORBITAL SEGMENT

MIDCOURSE CORRECTION

RENDEZVOUS ORBIT
INSERTION

PREPARATION FOR FINAL
CLOSING AND DOCKING

6 MIN.

30/60 MIN,

30/90 MIN,

30 SEC.

30 SEC,

15 MIN.

MINUTES

160
1

13

LEM ASCENT

¥~



1h.

A-50

LUNAR ORBIT RENDEZVOUS (60 minutes) Time

=W

Duration

Rendezvous 25 min

LEM-AGC provides AV required for LEM to
approach the CSM

CSM-AGC calculates AV required for CSM to
approach the LEM 1f 1t 1s necessary for the
CSM to actively rendezvous with LEM

CM and ground calculate and precvide rendezvous
guldance data to LEM as feasible and required
Ground sites monitor: LEM-CSM systems throughout
phase (as mutual visibility permits)

Ground sites track both vehicles throughout
phase (as mutual visibility permits)

Docklng 10 min

CM-LEM coordinate docking attitude
Position and align LEM

Maintain zero inertial angle rates
Using LEM-RCS, close to final docking
Report docking status to IMCC

Crew and Equipment Transfer 25 min

ownm &= w n

Begin transfer of first LEM crewman, equipment
and lunar samples to CSM

Establish remote LEM monitoring and control in
CSM

Begin transfer of second LEM crewman and equip-
ment to CSM

Conduct check to determine if damage was incurred
during operation

Make situation report to IMCC

Begln pre-injection checkout



MINUTES

| 1 1 1 1 1 |
(Pl i |
RENDEZVOUS 25 MIN, R D e
£
DOCKING 10 MIN, [ Lo
=)
CREW EQUIPMENT 25 MIN, HEW g FECIE
TRANSFER

14 LUNAR ORBIT RENDEZVOUS



147

A-52

TRANSEARTH INJECTION (90 minutes)

LEM Stage-off

1., Attain attitude for stage-off and hold

using minimum dead-band limits

Confirm correct operation mode for LEM

stage-off

LEM separation seguencer armed

Docking latch i3 tripped and its release is

verified by a crew display

LEM RCS 1s 'initlated by sequencer and

provides a positive AV of 5 fps

Separation of docking and umbilical fittings

irs” verdfded

. CSM attitude 1is held until a 500 ft. separa-
tion 1s attained. LEM separation is observed
visually during the first 50 ft. pullaway

n

=3 (01 S | =W

Post Stage-off Cruise

Make situation report to IMCC

Select the cruise attitude control mode
Power down all equipment associated with
LEM or LEM stage-off and other non-essential
equipment

w o+

Time
Duration

7

100

65

min

min
min

min
sec

sec
secC

sec

min

)

min
min
min

4, Establish SC attitude and ground communi-  Continuous

catien as I €.48.1. 8.

5. Conduct navigation observations, using
lunar surface landmarks and altitude, to
verify orbital data

6, Transmit a 3-min. sample of real time TLM
data and crew biomedical data

2

The crew confers with IMCC on revision of 10/25

operational settings and maintenance
Orbital parameters are verified; the final
parameters for transearth injection are
generated and stored in the CM AGC

9. Timing is synchronized with IMCC

10. IMCC receives final crew confirmation of readi-
ness and authorizes the crew to proceed with
transearth injection

11. CM-Moon-Earth eclipse

12. Power down communication systems

13. Conduct IMU alignment (Same as 6.A.4.)

10

5

18

min

min
min

min

min

min
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Time
Duration
Final preparation for propulsion maneuver 10 min
a. All movable CM equipment is stowed
b. Crew puts on space sulits and is positioned
for the injection maneuver
¢, Obtain orientation for injection, hold
until ignition
d. Gimbal trim is adjusted and verified
e. Minimum dead-band limits are selected
. Crew makes final confirmation of monitoring
systems and control modes
g. TLM recording equipment 1s activated
Fre-Ignition Sequencing 2 min
Ullage 1s initiated by AGC
SM enginestart signal is automatically
generated
The gimbal motors reach their normal operating
speed and solonoid valves open for pressurization
of propellants
SM Propulsion 126 sec
Ignition
Full thrust is developed
SM RCS ullage thrust is terminated automatically
SC attitude and thruast vector are controlled
for trajectory shaping
Engine cut-off signal 1s generated automatically
The pressurization valves are closed
Thrust tail-off
Gimbal motors are powered down
An attitude hold 1s effected
Post-Injectlon 27 min
The crew confirms that no serious operating 1 min
problems require immediate attention
Establish CSM operating modes for initial 2 min
cruising flight
Complle a performance summary 5 min
Conduct lunar altitude measurements
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Conduct a celestlial navigation observation
Activate normal communications systems

The moon clears the CM-earth- line-of-sight.
Communications are reestablished

Make a situation report to the ground and
coordination 1s effected

Transmit 3 min. real time CSM-TLM

Transmit recorded TLM for inJectlion maneuver
after Step 9 has been received by IMCC

The phase 1s terminated

Time

2
2

Duration

min
min

min

min



MINUTES

9 9 iy e L 2 g r L) R 1%
EARTH VISIBILITY 75 MIN, -
LEM STAGE OFF 7 MIN,
POST STAGE OFF CRUISE 65 MIN,
ORBIT DETERMINATION 11 MIN, _
CREW MAINTENAMCE 10/25 MIN, ]
IMU ALIGNMENT 18 MIN. s~ Rfe s
MANEUVER PREPARATION 30 MIN, _
PRE-IGNITION SEQUENCE 2 SEC. |
SM PROPULSION 126 SEC. (|
POST INJECTION 27 MIN. AR RN

15 TRANS EARTH INJECTION
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A.

EARTH TRANSFER CRUISE (62 to 110 hours)

Routine Cruise

1. Establish normal SC altitude, systems
monitoring and control, and communica-
tions as descrited in 6.A.1.,2.,3.

2. Begin rotating duty schedule. Two crew

members normally out of spacesuilts

Establlish communlcatllons contact schedule

(contact at least every two hours)

4, Perform navigational observationsonce each
half-nour for five hours to determine orbit
parameters to sufficient accuracy for first
midcourse maneuver. In subsequent mldcourse
maneuvers, one observation each hour for five
to ten hours depending on ground correlation

(V¥

Conduct CM IMU alignment (same as 6.A.4.)
Perform midcourse corrcction preparation
procedures as described in 6.B.1.

. Perform midcourse correction maneuver --
Section 7

The subphase 1is repeated after each midcourse
maneuver except after final midcourse cor-
rection

o N oW

SM Stagz-0ff Preparations

1. Maintain normal SC attitude, systems
monitoring, and ground communications
described in 6.A.1.,2.,3.

2. Iind crew work rest cycle

3. Activate CSM systems necessary for SM stage-
off and reentry

4. Perform CM IMU alignment

5. Perform in-flight checksto verify operability
of equipment used during SM stage-off -- TLM
available for IMCC analysis

6. Power down non-essential equipment

7. IMCC determines any revision of operating

ad justments and any needed maintenance

Time
Duration

60/108 hrs

Continuous

Contlnuous
Periodic

2 min

18 min
10 min

45 min to
2 hrs

2 hrs

Continuous

10 min
18 min
30 min

2 mln
10 min



A-57

Time
Duration

Crew performs IMCC-approved adjustments or As required

1L

11

|28

3 3.

O 20 O0o

maintenance

Calculate, refine and store orbital parameters

for propulsion maneuver
Determine orbital parameters at SC for
precise calculation of (Same as 6.A.9.)

l; Reentry point

2 Time of reentry
Obtain IMCC orbital and mansuver parame-
ters via updata communication channel
Store IMCC and SC parameters in CM AGC
Reentry parameters are revised as appro-
priate. Store in CM AGC
Normal and contingency landing area
objectives coordinated between IMCC and crew
Data insertion verified

gerfﬁr? IMU alignment if desired (same as
ALY

Preparation for propulsion maneuver
Stow all movable CM equipment
All crew members in space suits
Set CSM systems, to stage-off operating
mode, monitor operating parameters

Orient SC for stage-off maneuver, hold within

minimum dead-band limits
Final crew readiness confirmation
CM systems on reentry power supplies
Transfer communication to antenna on CM
Power down non-essential SM equipment
Activate stage-off maneuver sequencer
Shut down two fuel cells
Crew Commander makes contact report and
selectscontrel modes for
Pyrotechnic rupture of the CM-SM structural
connections - verify
SM continuous retrograde thrust using SM
RCS (. -X translation) -- verify
Pressurization of CM RCS -- verify

15

18
25

min

min

min

min

min

min

min



HOURS
] 4 8 12 16 20 24 28 32 S-15 $-10 S-5 5
ROUTINE CRUISE [ L L] A '

Y i ] 0 ] i [} ']

COMMUNICATION CONTACT PERIODIC T O O I O O O O O D N | | | |
ORBIT DETERMINATION 11 MIN, THTHT T Itniai EEBERER

{MU ALIGNMENT 18 MiN, l l .

MIDCOURSE -PREP 10 MIN. [ | |

MIDCOURSE CORRECTION 45 MIN/2h —im g o3 —l L

S = TIME AT END Of LAST MIOGCOURSE CORRECTION

MINUTES
S 10 20 30 40 0 60 70 80 90 100 1o 120
SM STAGE OFF PREPARATION | 1 1 ! L 1 1 1 1 | 1 /
ENERGIZE SM STAGE OFF 10 MIN
EQUIPMENT .
IMUFINE ALIGNMENT 18 MIN,
IN-FLIGHT CHECKOUT 30 MIN,

ADJUSTMENTS AND MAINTENANCE 30 MIN,

ORBITAL-REENTRY CALCULATION -
VERIFICATICN Lz

PROPULSION MANEUVER PREPARATION 27 MIN.

16. EARTH TRANSFER CRUISE
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A-59

REENTRY AND LANDING (45 to 60 minutes) T1ime
Duration
A, Reentry 45/60 min
1. Pre-Entry, from SM jettison to entry point 20 min
a. Update navigation parameters from ground
b. Predict time to landing point
c. Check of all systems
d. Assume attitude for entry 10 minutes before
entry
e. Select automatic entry mode 5 minutes before
entry

2. Entry point (0.05g acceleration at about 300
kft.). Pitch, yaw control disabled, roll-
yaw coupling initiated
3. Initial pull-up (from entry point to first 84 gec
horizontal flight)
a. Ccntrol constant roll angle determined by
location in entry corridor
b. Ccmpute reference trajectory for exit phase
4, Fly to exit (h = O to 300 kft.) 242 sec
a. Automatic guldance flies the computed ref-
erence trajectory to exit point for a
ccntrolled skip. If no skip is to be
executed, a constant altitude phase 1is
substituted
5. Ballistic skip or constant altitude phase 537 sec
a. Predict second entry point and time, and
estimate landing point and time
b. Reestablish communication and tracking
6. Seccnd entry (300 kft.) 655 sec
a. Automatic guldance flies an equilibrium
glide trajectory
7. Final descent. Starts at 25,000 ft. 650 sec
a. At 25,000 ft. forward heat shield 1s jettisoned
fcllowed by drogue-chute deployment
b. Mailn chutes are deployed reefed at 15,000 ft.,
and are fully opened at 13,000 ft,
CM RCS fuel burned
Recovery communications and beacon are
activated
e. Tcuchdown, main chute Jettisoned

Q0

NOTE: Tlme Durations are for a typilcal
50Q0 mile reentry trajectory.



MINUTES

16 24 32 40 48 56 64 72 72 HOURS
? ? 1 I 1 A ] 1 1 I 1 A i
PULL UP 84 SEC. |
FLY TO 242 SEC.
EXIT POINT ]

BALLISTIC 537 SEC. _

SKIP

SECOND RETEeREeTs
Fir 655 SEC.

FINAL 650 SEC,

DESCENT
4

SEARCH AND |5 min/72 HOLRS PR e s

RECOVERY

NOTE: TIME DURATIONS ARE FOR A TYPICAL 5000 MILE
TRAJECTORY

17. REENTRY AND LANDING

09-v
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SEARCH AND RECOVERY (8 to ‘72 hours) Time
Duration

Touchdown
1. Recovery aicds automatically activated.
HF antenna 1s extended
2. Crew broadcasts touchdown site information to
Recovery Forces

Location In Planned Landing Areas 8 hrs

1. Recovery forces determine location of touchdown
from information supplied by IMCC or crew
broadcast

2. Advance para-medics and para-rescue personnel
dropped to render medical asslstance and
attach flotation aids, if on water

3. Crew retrieval forces arrive and ferry the
crew to the Recovery Ship or Station

Y4, S8Spacecraft retrieval forces arrive and bring
the CM into a secure location. Scilentific
samples recovered

Search And Recovery In Contingency Areas L2 o

1. Search patterns commenced based on last laqiown
CM position transmitted from TMCC

2. Location of touchdown by reconnaissance forces
and crew retrieval forces directed to site

3. Crew 1is retrieved and delivered to point of
nearest regular transportation for relay to a
Recovery Station

4., Spacecraift retrieved



APPENDIX B

Abbreviations used in this document are alpha-
betically listed and defined in this Appendix.

AGAF Altitude Gyro, Accelerometer Package
AGCU Altitude Gyro Coupler Unit

AGC Apollo Guidance Computer

AMR Atlantic Missile Range

CDu Coupling and Display Unit

CM Command Module

C3SM Command Service Module

DOD Department of Defense

DSS Deep Space Site

ECS Environmental Control System

EDS Emergency Detection System

EPS Electrical Power System

FD Flight Director

FDAT Flight Director Attitude Indicator
fps feet per second

G & C Guidance and Control

G &N Guidance and Navigation

GOSS Ground Operations Support System
GSFC Goddard Space Flight Center

HF High Frequency (3-30 Megacycles)
IFTS In Flight Test System

IMCC Integrated Mission Control Center
IMU Inertial Measurement Unit

IU Instrument Unit

LC Launch Center

LCC Launch Control Center

LEM Lunar Excursilon Module
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LES Launch Escape System

LOR Lunar Orbit Rendezvous

LuT Launch Umbilical Tower

LV Launch Vehicle

MDS Malfunction Detection System
MSFN Manned Space Flight Network
ol Nautical Mile

0D Operations Director

PLSS Portable Life Support Systen
R &D Research and Development

RCC Recovery Control Center

RCS Reaction Control System

RTCC Real Time Computer Complex
S-band 1550-5200 Megacycles

SC Spacecraft

SCS Stabilization and Control System
SM Service Module

SPS Service Propulsion System
SV Space Vehicle

S-IC First Stage Launch Vehicle
S-IT Second Stage Launch Vehicle
S-IVB Third Stage Launch Vehicle
TLM Telemetry

\Y Velocity

AV Change in velocity

VAB Vertical Assembly Bldg.

VHF Very-High Frequency (30-300 megacycles )
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