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MEMORANDUM
TO: Distribution
FROM: Fﬁ/Acting Director of Flight Operations

SUBJECT: Flight Control Division's Baseline Operations Plan for Skylab

1. Attached is the Flight Control Division's Baseline Operations
Plan (BOP) for Skylab as of May 1972. This document is a complete
reissue of the original document published in Auvugust of 1970. 1Its
purpose 1is to define the planned method of operation to be used for
mission control of the Skylab Program for all interested agencies.

2. One recently baselined change not incorporated into the mission
description section of the BOP is the use of the CSM RCS orbit trim
maneuvers for maintaining a controlled groundtrack pattern for EREP
pass support. The RCS trim technique is well defined in the Mission
Techniques (Data Priority) Minutes. This information,when finalized,
will be incorporated into the next revision of the BOP.

3. Several aspects of the Skylab Program are unresolved. These are
identified as follows:

a. The numbers and assigned location of the EREP regional
controllers have not yet been determined. In addition the EREP passes
and truth sites are in the process of being selected. As a result, the
personnel, truth site equipment, and communications to each site in
terms of actual links and information exchange are not fully defined.

b. The role of the Science and Applications Directorate (S and AD)
in Skylab operations needs further definition in two areas. The first
is EREP support; this plan identifies a requirement for an EREP multi-
discipline support team. This team would support FCD during premission,
in-orbit, and post-mission EREP operations. As now visualized, S and AD
would provide the team personnel. The second area in which S and AD
support is not defined is in the FOMR operation. The FOMR function of
adjusting experiment mission requirements and priorities underscores
the need for an S and AD point-of-contact to support this function for
the EREP and corollary experiments.




¢. The unmmanned ATM operation has not been fully defined. The
current plan calls for actively supporting 5052, S05k4, and S055 eight
hours per day during the unmanned intervals, and continued operation of
S055 in an MDRS data collection mode during the 16-hour period of
reduced monitoring. However, studies are still being conducted on
increasing the active support time.

d. Unattended ATM operations are also under consideration for the
manned intervals. This involves operating the ATM from the ground when
the crew is asleep or engaged in other activity. Specifically when,
how much, and what experiments/modes will be operated are not yet
defined.

€. FCD is continuing to study methods of providing an Alternate
Mission Control Center similar in intent to that provided for Apollo
in the event the MCC is incapacitated. An alternate control center is
also being considered for the ALSEP/P and FS lunar science support.
For Skylab, the MILA site, the HOSC, and GSFC are candidates for the
Alternate Mission Control Center.

f. The division of operations responsibilities between FCD and
FCOD needs to be more clearly defined and agreed upon in several areas.
These include:

0 Specific hardware and nonhardware responsibilities.

O Experiments pointing computation.

0 PAD preparation.

o0 Consumables tracking.

o Day-to-day stowage tracking.

o P.I. interface.
L. A final issue of the BOP will be distributed approximately six
months before SL-1 launch. This final issue will contain a resolution
of as many of these areas as possible. No further revisions are

anticipated prior to the distribution of the final document. Please
adgiress all comuguts to Mr. gilliam P. Gatlin, 483-3838, mail code FC2.

-«

wA ;

Sigurd A. Sjoberg

FC22/WPGatlin:ad:4/17/72:3838
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FOR SKYLAB

PREFACE

This document has been prepared by the Flight Control Operations Branch,
Flight Control Division, Manned Spacecraft Center, Houston, Texas, with
technical assistance by Service Technology Corporation. Information
contained within this document represents the Flight Control Division
Baseline Operations Plan for the Skylab Program as of May 1972.

Any comments concerning the contents of this document should be directed
to William P. Gatlin, 713-483-3838.

This document is not to be reproduced without the written approval of the
Chief, Flight Control Division, Manned Spacecraft Center, Houston, Texas.

Approved by:

4 (A ,A/’_‘l_ A~
> Krd
f, Flight Control Division

Mare L) oudoen

Sigurd A. Sjoberg
Acting Director of Flight Operations
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SECTION 1 BASIC

INTRODUCTION

PURPOSE

This document represents the Flight Control Division Baseline
Operations Plan for the Skylab (SL) Program, as of May, 1972.

It is intended to describe the manner in which the Flight Control
Division plans to conduct the Skylab Program Mission Control
operations. This plan is mainly conceptual in nature and is

not intended as a control document. However, it does repre-

sent the Flight Control Division operating plan at the time

of publication.

APPROACH

Section 2 contains a brief summary of the mission objectives,
vehicle configurations, and description of the planned flights.
Section 3 discusses the mission control functions which must

be accomplished to fly the program. Section 4 discusses the
organization of the Mission Control Center operations to
accomplish the functions outlined in Section 3.

Sections 5, 6, and 7 discuss in greater detail some of the
Mission Control Center operations that are either new for
Skylab, significantly changed, or just larger in scope com-
pared to Apollo operations. Specifically, Section 5 discusses
experiment operations; Section 6, communications and data
management ; and Section 7, flight activities scheduling.

Section 8 outlines the Skylab flight controller training plan,
and Section 9 discusses the effects of multiple MCC operations
during the Skylab timeframe.
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Appendix A contains a list of major open items and Appendix B
summarizes the Skylab mission computing functions since they

are greatly expanded over Apollo. Appendix C contains definitions
of acronyms and abbreviations used within this document.
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MISSION PLAN

OBJECTIVES

Program Purpose

The purpose of the Skylab Program is to determine man's ability
to Tive and work in space for extended periods, to extend the
science of solar astronomy beyond the limits of earth-based
observations, to perform earth resources observations, « | to
increase man's knowledge in other scientific and technical
areas. The current Skylab detailed test objectives are de-
lineated in the Skylab Mission Requirements Document.

Mission Objectives

The overall mission objectives in order of decreasing pr ority
are as follows:

A. SL-1/SL-2
1. To establish the Skylab in earth orbit
2. To obtain medical data for use in extending the dura-
tion of manned space flight
3. To perform in-flight experiments

B. SL-3 and SL-4
1. To perform unmanned Saturn Workshop operations
2. To reactivate the Skylab in earth orbit

3. To obtain medical data for use in extending the dura-
tion of manned space flight
4. To perform in-flight experiments

2-1
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Experiments

A summary of the experiments assigned by the Office of Manned
Space Flight to the Skylab program is presented in Table 2-I.
This table shows the experiment number, title, and mission
assignment. The Skylab experiments are divided into the fol-
lowing major categories:

Medical.- A series of medical experiments will be carried out
on the Skylab missions to determine man's ability to live and
work in space for extended periods. The medical data will be
used to determine the effects on the crew resulting from a
space flight of up to 56 days. These effects will include
man's physiological responses and aptitudes in space under
zero gravity and his postflight adaptation to the terrestrial
environment.

Earth-Resources Experiments Package (EREP).- The Skylab EREP,
composed of five remote sensors, is a part of already existing

international studies on the techniques and application of
earth remote sensing. The Skylab EREP will provide added and
more precise data on spacecraft sensing techniques and returned
data correlation and application. Crop, forest, and land use
surveys, fish location, and sea state surveys are EREP observa-
tion objectives.

Corollary.- The purpose of the corollary experiments is to
conduct investigations to:

A. Study the effects of space environment on various materials

B. Obtain data on work tasks in space

2-2
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Mission assignment
Number Title
SL-1/SL-2 SL-3 SL-4

D008 | Radiation in Spacecraft X

D024 | Thermal Control Coating (AM) X X

MO71 | Mineral Balance X X X
MO73 | Bioassay of Body Fluids X X X
MO74 | Specimen Mass Measurement X X X
MO78 | Bone Mineral Measurement (a) (a) (a)
M092 | In-Flight Lower Body Negative Pressure X X X
M093 | Vectorcardiogram X X X
M111 | Cytogenetic Studies of Blood (a) (a) (a)
M112 | Man's Immunity - In Vitro Aspect (a) (a) (a)
M113 | Blood Volume and Red Cell Lifespan (a) (a) (a)
M114 | Red Blood Cell Metabolism (a) (a) (a)
M115 | Special Hematological Effects (a) (a) (a)
M131 | Human Vestibular Function X X

M133 | Sleep Monitoring X X

M151 | Time and Motion Study X X

M171 | Metabolic Activity X X

M172 | Body Mass Measurement X X

M415 | Thermal Control Coatings (IU) X

M479 | Zero Gravity Flammability X

M487 | Habitability/Crew Quarters X X X
M509 | Astronaut Maneuvering Equipment X X

M512 | Materials Processing in Space X X

(Facilities)

M516 | Crew Activities/Maintenance Study X X X
M551 | Metals Melting Experiment X X

M552 | Exothermic Brazing Experiment X X

M553 | Sphere Forming Experiment X X

M554 | Composite Casting Experiment X X

M555 | GaAs Crystal Growth Experiment X X

S009 | Nuclear Emulsion X

qperformed preflight and postflight only.
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TABLE 2-1.- SKYLAB EXPERIMENT ASSIGNMENTS - Concluded

Mission assignment

Number Title
SL-1/SL-2 SL-3 SL-4

S019 | UV Stellar Astronomy X X
S020 | UV/X-Ray Solar Photograph

S052 | White Light Coronagraph

S054 | X-Ray Spectrographic Telescope

S055A | UV Scanning Polychrometer/
Spectroheliometer

S056 | Dual X-Ray Telescopes
S063 | UV Airglow Horizon Photography X
S071 Circadian Rhythm - Pocket Mice
S072 | Circadian Rhythm - Vinegar Gnat
S073 | Gegenschein/Zodiacal Light
S082A | UV Coronal Spectroheliograph
S082B | UV Spectrograph

S149 | Particle Collection X

S150 | Galactic X-Ray Mapping X X
S183 | Ultraviolet Panorama X X
S190 | Multispectral Photography X X X
S191 Infrared Spectrometer X X X
S192 | 10-Band Multispectral Scanner X X X
S193 | Microwave Radiometer Scatterometer X X X
S194 | L-Band Radiometer X X X
TO02 | Manual Navigation Lightings X X X
TO03 | In-Flight Aerosol Analysis X

TO13 | Crew/Vehicle Disturbances X

TO18 | Precision Optical Tracking X X X
T020 | Foot Controlled Maneuver Unit X X

T025 | Coronagraph Contamination Measurement X

T027 | Contamination Measurement X X X
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C. Determine the effects of zero gravity on biological materials

D. Obtain data on maneuvering equipment for future extra-
vehicular activity (EVA) requirements

Apollo Telescope Mount (ATM) experiments.- The purpose of this

class of experiments is to obtain solar astronomy data for
continuing and extending solar studies beyond the 1imits of
earth observations. '

SPACE VEHICLES

This section consists of a brief, general description of the
orbital assembly (0A) which consists of the command service
module (CSM) and the Skylab Workshop Systems (SWS), as shown
in Figure 2-1. The CSM is explained in terms of the differ-
ences from the Apollo J-series CSM. Further information on
any of the Skylab systems may be obtained from the Skylab
Systems Handbooks, the Operational Data Books, and the Skylab
Operations Handbooks.

Command and Service Module (CSM)

CSM 116, 117, and 118 will be flown on missions SL-2, SL-3,
and SL-4, respectively. The major systems modifications or
additions to the Skylab CSM's from the Apollo J-type CSM's

are as follows:

A. High-gain antenna deleted. This antenna is not needed
for earth orbit.

B. Remote antenna switching by ground added for all S-band
omni antennas via both the CSM and the Airlock Module (AM)
command systems.

C. One fuel cell deleted leaving two. Two fuel cells will
meet the Skylab power requirements with CSM battery backup.

2-5
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D. Three 500 A-h descent batteries in the SM instead of one
400 A-h battery. This is required because the fuel cells
cannot be reactivated after shutdown.

‘ E. Two hydrogen and two oxygen tanks instead of three each.

F. Pyro batteries (0.75 A-h) deleted and replaced with entry/
postlanding-type batteries (40 A-h) giving a total of five
entry-type batteries. The 30-day life of the pyro batteries
is inadequate for Skylab. Proven life of the entry batteries
is 140 days. ‘

G. Service Module water tank added to contain the water gener-
ated by using the fuel cells to cryo depletion and prevent
contamination by dumping.

H. Several blanket heaters added to various systems for ther-
mal control during the prolonged solar-inertial attitudes

‘ of the orbital assembly.

I. Electrical power transfer umbilicals added to supply OWS
‘power to the CSM during the quiescent period. This is
needed to transfer power to the CSM after CSM electrical
power system (EPS) shutdown.

J. CSM 02 cryo vent valve added for intravehicular activity
(IVA) cryo vent. '

2:2.2 Saturn Workshop

As shown in Figure 2-1, the Saturn workshop consists of the
orbital workshop (OWS), the airlock module (AM), the multiple

‘ docking adapter (MDA), the Apollo telescope mount (ATM), and
supporting structures. These are briefly defined in the fol-
lowing paragraphs.

2.2.2.1 Orbital Workshop.- The OWS is a modified third stage of the
‘ Saturn V Taunch vehicle (S-IVB stage). The liquid hydrogen

2-1
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tank has been converted into crew living quarters and a work
area (habitation area) and the liquid oxygen tank into a
plenum area for waste matter. The J-2 engine, propellant
pumps, auxiliary propulsion system, and supporting hardware
have been removed from the S-IVB as unnecessary weight.

The exterior of the OWS is fitted with an aluminum meteoroid
shield, a solar array system (SAS), a radiator for the refriger-
ation system, and two rings of GNZ bottles for a thruster atti-
tude control system (TACS). The TACS maintains attitude control
of the SWS prior to control moment gyro (CMG) spin-up and
supplements the CMG's for attitude control. The meteoroid
shield is deployed in orbit and protects the OWS against
meteoroid penetrations. The SAS wing assemblies are also de-
ployed in orbit and provide a source of electrical power to

the OA. The radiator is hardmounted to the thrust structure

on the aft end of the OWS and is used to radiate heat absorbed
by the OA refrigeration system.

Airlock Module.- The AM is situated between the OWS and the
MDA and contains systems for environmental control, instrumen-

tation, electrical power, communications, and operational man-
agement of the OA. It also provides a lock compartment, hatch,
and support systems for EVA's. This compartment allows EVA

without interrupting the crew or systems operations in the

pressurized volumes on either side of the Tock.

Operational management capability for OA systems is provided
by means of control and display consoles Tocated within the
AM's pressurized volume and by a digital command system (DCS)
for ground control of Skylab systems.
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Multiple Docking Adapter.- The MDA is basically a double-walled

pressure vessel approximately 17 feet long and 10 feet in diam-
eter which provides a permanent interface with the AM and a
docking interface with the CSM. The primary function.of the
MDA is to provide two docking interfaces for the CSM: an axial
port and a radial port. The MDA also contains the control

and display consoles for management of the TACS, ATM and EREP,
and provides internal storage for hardware and experiments
operated on the SWS.

Apollo Telescope Mount.- The ATM consists of a rack, experiment

canister, solar array, and various support subsystems. The
ATM provides the OA attitude control through the CMG's. It
also supplies electrical power for ATM experiments and for
sharing of the OA electrical loads and equipment required to
perform the ATM solar astronomy experiments.

The ATM is in a stowed position during launch with the ATM
forward of the MDA axial port. At a command from the IU,
the deployment mechanism rotates the ATM and locks the
deployment arms into place with the ATM X-axis parallel

to the OWS Z-axis. After the ATM is locked into position,
the ATM solar arrays are deployed.

MISSION DESCRIPTION

The following mission description is based on current knowledge
of the mission. While it is recognized that this information
is subject to change as the program evolves, it will be used

as the reference for this operations plan. For the latest
information on the mission profile, the Skylab Preliminary
Reference Trajectory Document, Flight Operations Plan (FOP)
Minutes, and Mission Techniques (Data Priority) Minutes should
be consulted.
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2.3.1  Skylab Flight Schedule

The current baseline 1ift-off and recovery schedule is shown
in Table 2-II. The considerations used in the selection of
the Skylab 1ift-off times for this schedule are as follows:

A. Mandatory

1. Daylight in end-of-mission (EOM) recovery area(s)
a. Landing no earlier than civil (3 degrees below
horizon) sunrise '
b. Landing no Tater than 2 hours prior to civil sunset

2. Early rendezvous for SL-2 (M = 5 through 8)
3. SL-1 Taunch window: 1.5 hours
4. Launch interval: 90 plus or minus 6 days

5. EOM deorbit sequence coverage (for both shaping and

deorbit maneuvers):

a. Track, telemetry, and voice at least 55 minutes
prior to the maneuver. ’

b. Track, telemetry, and voice between "maneuver
-55 minutes" and "maneuver -20 minutes."

6. Mission duration
a. SL-2: 28 days
b. SL-3 and SL-4: 56 days

B. Highly Desirable

1. Daylight in launch abort area
a. Launch no earlier than civil sunrise at John F.

Kennedy Space Cehter, Florida (KSC)
b. Launch such that at least 3 hours remain before
civil sunset at the end of the Mode II abort area

2. Early rendezvous for SL-3 and SL-4 (M = 5 through 8)
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TABLE 2-II.- SKYLAB LIFT-OFF AND RECOVERY SUMMARY

Launch to Lift-off, . Recovery, Maximum
Date Cannih Taunch eastern Tocal percent Beta angle
centers, standard standard orbital Rudz | Deophiit
day time time lighting
Apr 30 SL-1 12:30 p.m.
May 1 1 12:00 noon Atlantic 64
to SL-2 -12 29
o | may 2 (60)% | (4:45 a.m. to 1:30 p.m.)® | 9:00 a.m. (4:30 a.m.)€ | May 10
1
= July 28 88 12:30 a.m. Atlantic 84
to SL-3 29 0
Sept 22 (40)2 (4:45 a.m. to 2:15 p.m.)b 10:00 a.m. (5:20 a.m.)® Aug 8
Nov 1 96 9:30 a.m. Pacific 83
to SL-4 -53 -48
Dec 27 (5:45 a.m. to 10:45 a.m.)b 10:15 a.m. (6:05 a.m.)¢| Nov-6

4nmanned interval between missions.

bLaunch limits to satisfy abort recovery area lighting constraints.

CCivil time of sunrise.
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3. Maximum recovery lighting in primary recovery area
for early (up to 10 days) SL-3 and SL-4 deorbit

C. Desirable

1. Post deorbit coverage (track, telemetry [TM], voice)

2. Dark passes: 10 minutes for inertial measurement unit
(IMU) alignment in deorbit sequence

3. SL-2 and SL-3 recovery in Atlantic

4. Backup rev deorbit within medical experiment recovery
constraints (recovery of crew within about one hour)

5. Maximum 1lighting for EREP opportunities

SL-1 Launch Through SWS Activation

The SL-1 SWS will be launched in a northerly direction from
LC-39A at KSC and inserted into a circular orbit of approxi-
mately 235 n.mi. in altitude at an inclination of 50 degrees.
After insertion, the S-II stage will be separated by retro-
rockets, and the SWS will be rotated by the thruster attitude
control subsystem (TACS) to a retrograde attitude. The payload
shroud (PS) will be jettisoned halfway (-90 degrees) through the
180 degrees SWS maneuver to retrograde attitude. A retrograde

maneuver will place the S-II stage in an orbit of approximately
235 by 203 n.mi. having a nominal Tifetime of approximately

295 days. Plans call for the S-II stage to be safed by a timing
sequence that begins approximately 3.5 minutes after separation.
Safing includes venting the main 1liquid hydrogen (LHZ) propellant
tank, the engine gaseous nitrogen (GNZ) start tanks, and the

engine helium tanks, followed by the venting of the main liquid
oxygen (LOX) propellant tank.

After the PS is jettisoned, the ATM will be deployed, and the
TACS will orient the SWS to a solar inertial attitude. This
attitude will be maintained, and the ATM solar array will be
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deployed. The OWS solar array will then be deployed, and
activation of the control moment gyro subsystem (CMGS) will
begin. - (Maximum total time to reach full speed is 9 hours;
time to reach 90 percent full speed is 7 hours.) The ATM
thermal control system will be activated, and the meteoroid
shield will be deployed. Also, the MDA/AM and the OWS will be
vented to 1.3 psia N2 and repressurized with 02 to a total
pressure of 5.0 psia.

A Space Flight Tracking and Data Network (STDN) tracking and
lighting timeline, including the activation sequence from
SL-1 Taunch through SL-2 launch is shown in Figures 2-2 and
2-3.

SL-2 Launch Through SWS Manned Activation

The SL-2 manned CSM will be launched in a northerly direction
from LC-39B approximately 23.5 hours after the SL-1 SWS launch.
The CSM will be inserted into an 81 by 120 n.mi. orbit. Then,
the service propulsion system (SPS) and the service module
reaction control system (RCS) will be used to complete the CSM
rendezvous maneuvers and to dock with the SWS at the axial port
of the MDA. The rendezvous timeline and ground track are shown
in Figures 2-4 and 2-5, respectively. A rendezvous maneuver.
summary is shown in Figure 2-6. SWS entry and activation is
scheduled with the crew in shirtsleeves. Initial activation

js scheduled from 09:45 ground elapsed time (GET) to 13:30 GET,
followed by a crew sleep period, and completed during 25:00 to
26:30 GET. Detailed procedures for SWS activation may be found
in the ATM and MDA/AM/OWS Skylab Operations Handbooks, but
major activation tasks include:

A. Opening the MDA hatch and storing it

B. Turning on MDA and AM interior lights and doing a visual
inspection
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MISSION PLANNING AND ANALYSIS DIVISION

BRANCH o -
. = - I | nitizte CMG spin up (TBD)

BY e & NO.
3° elevation angle at AOS and LOS W Activate ATM thermal control

(00000¢ 5° AOS and LOS) system (TB4 + 44 min)

USB sites only; includes I D:ploy OWS solar arrays

keyholes but no masking (TB4 + 35.3 min, At =8 min)

I / cquire solar inertial attitude

(TB4 + 34.5 min, At¥9.6 min)
WV Activate ATM telemetry (TB4 + 27 min)
I Dcploy ATM solar arrays (TB4 + 15 min, At = 3 min)
R Deploy ATM (TB4 + 6.5 min, At =4 min)
W Deploy discone antennas (TB4 + TBD)

W Activate AM deploy buses (TB4 + 5.7 min)

W Jettison payload shroud (TB4 + 5.5 min)
BEEE Begin nonpropulsive OWS habitation area and waste tank venting (TB4 + 30 sec, At 18 to 30 min)

WV Activate QWS refrigeration system (TB4 + 20 sec)

EEEEEE Pitch to retrograde attitude (TB4 + 10 sec, At = 672 sec) NOTE: iy ccorbines with i
W Orbital insertion (TB4 + 10 sec) Ia_tlels; planning, eXA::
W S-IT OECO (TB1 + 578 sec = TB4), SII separation (TB4 + 4 sec) m'e eaestp‘c’z'a‘s'f"‘)f o

South America and not

W Close MDA vent valves (TB1 + 288 sec)
in the launch area.

SL-1 lift-off (TB1)
Vsi-1ii Also Newfoundland

Cannot deploy OWS solar arrays (FLD) site support
is not shown,

Orbital midnight

DAYLIGHT DARKNESS)

ITTTIIIIII]IIllllllllllllllllll

00:00

00:05 00:10 00:15 00:20 00:25 00:30 00:35 00:40 00:45 00:50 00:55 01:00 01:05 01:10 01:15
SL-1ground elapsed time, hr:min
I | 1 ! 1 | l ] 1 | | | l 1 ]

-23:30

-23:00 -22:30
Time from SL-2 launch, hr:min

(a) Lift-off through 1 hour and 15 minutes.
Figure 2-2.- SL-1 timeline from insertion through 7 1/2 hours.
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NASA/MSC/ FOD
MISSION PLANNING AND ANALYSIS DIVISION

BRANCH e DATE —-—'

W Deactivate AM deploy buses (TB4 + 1.5 hr) BY 4 NO.

W Deploy meteoroid shield (TB4 + 86 min)
Cannot deploy OWS solar arrays
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DARKNESS)

DAYLIGHT
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01:15 01:20 01:25 01:30 01:35 01:40 01:45 01:50 01:55 02:00 02:05 02:10 02:15 02:20 02:25 02:30
SL-1 ground elapsed time, hr:min

L | 1 I ' | | | | l I | | 1 L J

-22:00 -21:30 -21:00
Time from SL-2 launch, hr:min

B Dump OWS pneumatics (TB4 + 3 hr, At =3.5 hr)
) 11
3 4 3 MAD)
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" 02:30 02:35 02:40 02:45 02:50 02:55 03:00 03:05 03:10 03:15 03:20 03:25 03:30 03:35 03:40 03:45

SL-1 ground elapsed time, hr:min

l I | L I | I n | I | L | | I |
-21:00 -20:30 -20:00 -
Time from SL-2 launch, hr:min

(b) 1 hour and 15 minutes through 3 hours and 45 minutes.

Figure 2-2,- SL-1 timeline from insertion through 7 1/2 hours - Continued.
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03:45 03:50 03:55 04:00 04:05 04:10 04:15 04:20 04:25 04:30 04:35 04:40
SL-1 ground elapsed time, hr:min

L 1 1 l 1 1 | 1 | ] | ]
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Time from SL-2 launch, hr:min
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[TTTT T Il|1]ll|||llIllllllllllllll‘

05:00 05:05 05:10 05:15 05:20 05:25 05:30 05:35 05:40 05:45 05:50 05:55 06:00 06:05 06:10 06:15
SL-1ground elapsed time, hr:min

L I ! | | | | 1 i I I | i | I j
-18:30 -18:00 -17:30
Time from SL-2 launch, hr:min

(c) 3 hours and 45 minutes through 6 hours and 15 minutes.

Figure 2-2.- SL-1 timeline from insertion through 7 1/2 hours - Continued.

JISvd
d0g aYy1AiS



L1-2

W Transfer tacs control from 1U to APCS (TB1 + 6.5 hr)

DAYLIGHT

| GDS}

NASA/MSC/ FOD
MISSION PLANNING AND ANALYSIS DIVISION
BRANCH L DATE
i G » 2 of
BY —_— . NO.

End of guaranteed 1U life (TBL + 7.5 hr)' ¥

67

DAYLIGHT

[Tllllllll]IIIlllllIIlllllllI
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06:20 06:25 06:30 06:35 06:40 06:45 06:50 06:55 07:00 07:05 07:10 07:15 07:20 07:25 07:30
SL-1ground elapsed time, hr:min
L 1 1 | 1 1 1 1 1 l | 1 | | 1 J
-17:00 -16:30 -16:00

Time from SL-2 launch, hr:min

(d) 6 hours and 15 minutes through 7 hours and 30 minutes.

Figure 2-2,- SL-1 timeline from insertion through 7 1/2 hours - Concluded.
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MISSION PLANNING AND ANALYSIS DIVISION

BRANCH . DATE
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10 launch window
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(@) 7 hours and 30 minutes through 12 hours and 30 minutes.

Figure 2-3,- SL-1 timeline from 7 1/2 hours through time of SL-2 launch.
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Figure 2-3.- SL-1 timeline from 7 1/2 hours through time of SL-2 launch - Continued. 7
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(c) 17 hours and 30 minutes through 22 hours and 30 minutes.

Figure 2-3.- SL-1 timeline from 7 1/2 hours through time of SL-2 launch - Continued.
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(d) 22 hours and 30 minutes through 25 hours.

Figure 2-3,- SL-1 timeline from 7 1/2 hours through time of SL-2 launch - Concluded.
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Figure 2-4,- SL-2 timeline from insertion through rendezvous.
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Figure 2-4,- SL-2 timeline from insertion through rendezvous - Concluded.
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Figure 2-6.- SL-1/SL-2 rendezvous orbital geometry.
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C. Connecting CSM/MDA power and communications umbilical
D. Activating molecular sieves

E. Verifying the ECS control system

F. Activating the star tracker

G. Activating the ATM controls and displays (C&D) system
H. Activating the caution and warning (C&W) system

I. Equalizing AM/OWS pressure, opening/stowing OWS hatch

J. Processing and stowing M071 and MO73 urine samples in
freezer

K. Activating food and water management systems

SL-1/SL-2 Manned Orbital Phase

Following activation, the mission operation will settle down
into a routine of experiments operation, and systems house-
keeping. As indicated earlier, the SL-2 mission will be de-
voted primarily to accomplishing a series of medical experiments
related to the extension of manned space flight. In addition,
the mission will have objectives associated with solar astron-
omy, earth resources, and technical experiments. The SL-1/SL-2
mission is planned for a duration of 28 days from the launch

of the SL-2 CSM.

For Skylab, the crew duty day is between 6 a.m. and 10 p.m.
Central Standard Time. Each crewman is scheduled for 8 hours

of sleep each day, three 1-hour eat periods each day, and

1 day off each week. Crew status reports will be voiced to

the ground each morning. At the conclusion of each crew day,
two crewmen are scheduled for simultaneous mission planninag

and off-duty periods (1 hour). One crewman will delete planning
and off-duty periods each day to increase ATM viewing time.
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One extravehicular activity is scheduled for SL-2 for ATM film
retrieval and D021/D024 support. This will occur on about day
26, and will be scheduled for a maximum of 3 hours from egress
to ingress.

A reentry simulation (dress rehearsal) is scheduled for the
latter part of SL-2. This will consist primarily of a talk-
through and will include exercising the guidance and naviga-

tion (G&N) sequence and data flow (reentry PAD uplink) with
nominal remote site coverage.

'SWS Deactivation and SL-2 Entry Phase

After completion of the scheduled detailed objectives, the SWS
will be deactivated in preparation for orbital stowage. The
nominal SWS deactivation operation and transfer and stowage

of return items in the command module (CM) will take place
along with the normal activities during the last 3 days of the
mission. The crew will deactivate the OWS, including such

tasks as securing food and water management areas; turning off
- crew-quarters area fans, heater, and circulating fans; con-

figuring the power distribution and control panel; and deac-
tivating the environmental control system (ECS) in the OWS and
aft AM. They will also deactivate the MDA/AM, which includes
such tasks as deactivating the MDA/STS ECS; configuring the
structural transition system (STS) power control panel and ATM
command and display console; disconnecting the CM/MDA power
control umbilical and ECS duct; and reinstalling the drogue
and probe and CM tunnel hatch. The CSM will undock from the
SWS and perform a fly-around of the SWS to visually inspect
and take photographs prior to deorbit.

Deorbit will be performed using the SM SPS with the SM RCS
held in reserve as a backup. The SPS retrofire will be
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performed in two stages with approximately two orbits sep-
arating the two SPS burns. The primary advantages of a
two-stage deorbit are:

A. Two burns are more efficient if the SPS fails and
the RCS must be used.

B. The probability of a quad failure caused by over-
heating is less probable.

C. One landing area to be used for both nominal (SPS)
and backup (RCS) deorbit.

One landing area enhances rapid recovery of the crew as well

as successful retrieval of the experiments data, especially
the biomedical data. It is desirable to recover all biomedical
data,'as well as the crew, as quickly as possible.

The entry phase of the mission will start at a 400,000-foot
altitude (entry interface) and continue until drogue parachute
deployment at a 23,300-foot altitude. Assuming planned mission
duration and deorbit, recovery will occur in daylight in the
West Atlantic recovery area. The entry timeline is shown in
Figure 2-7, and the ground track is shown in Figure 2-8.

2.3.6 SL-3 Mission

The SL-3 manned CSM mission will be launched in northerly
direction on a Saturn IB vehicle from LC-39B. The SL-3 launch
will occur approximately 88 days (as dictated by Taunch and
recovery lighting considerations) after the SL-2 Taunch. The
mission will accomplish medical, technical, and scientific
experiments (see Table 2-I) and will be planned for a duration
of up to 56 days from launch.

The CSM rendezvous profile, SWS activation, SWS deactivation,
SWS storage, and CSM deorbit and recovery will be similar to
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The first manned (SL-2) mission. Assuming planned mission
duration and deorbit, recovery will occur in daylight in the
Atlantic recovery area.

SL-4 Mission

The SL-4 manned CSM revisit mission will be launched and will
perform a rendezvous with the SWS similar to the SL-2 and SL-3
vehicles. The SL-4 launch will occur approximately 96 days
(as dictated by Taunch and recovery lighting considerations)
after the SL-3 launch. The mission will be primarily directed
toward the accomplishment of technical and scientific experi-
ments and will be planned for a duration of up to 56 days.
(See Table 2-1 for experiment assignments.) Assuming planned
mission duration and deorbit, recovery will occur in daylight
in the Mid-Pacific recovery area.

Unmanned Periods

The unmanned periods are defined as those periods of time the
SWS is unmanned, that is, between SL-2 undocking and SL-3
launch (approximately 56 days) and between SL-3 undocking and
SL-4 Taunch (approximately 40 days). During these periods the
SWS systems will be monitored on a routine basis, and 1imited
operation of some of the experiments will be performed. These
include ATM experiments S052, S054, and S055, and experiment
S149 on the OWS. See Paragraph 3.10 for details of the un-
manned period operations.

Orbital Lifetime Considerations

Orbital decay studies performed by the Marshall Space Flight
Center (MSFC) for Skylab orbital elements using the nominal,
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and plus and minus two sigma predictions of sunspot number

(which affects atmospheric density) show the following:

SKYLAB CLUSTER

Density Orbital lifetime
Plus two sigma 1400 days
Nominal 2050 days

Minus two sigma 4060 days

S-1I STAGE

Density Orbital lifetime
Plus two sigma 200 days

Nominal 295 days

Minus two sigma 450 days

S-IVB STAGE (SL-2 launch date: 5/7/73)

Density Orbital Tifetime
Plus two sigma 21.6 hours
Nominal 23.1 hours
Minus two sigma 24.8 hours

PAYLOAD SHROUD

Posigrade Retrograde
Density segments 1ifetime segments lifetime
Plus two sigma 730 days 540 days
Nominal 1100 days 820 days
Minus two sigma 1640 days 1180 days

Upon SL-4 mission completion, the SWS will be Teft in the solar
inertial attitude, with plans for its further use presently
undefined. 1In all 1ikelihood, however, continual operation of
the ATM experiments will be planned for this period, systems
permitting. Engineering data on long-term use of the attitude
pointing and control subsystem (APCS), CMG's and solar panels
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will also be of interest to the MSFC design engineers. Accord-

ing to the Cluster Requirements Specification Document, the
functional Tifetime of the SWS (OWS/MDA/AM/ATM) will be
8 months.

RESCUE MISSION PLAN

Basics

A rescue mission plan has formally been baselined for the
SkyTab program. Overall mission planning for rescue is based
on a minimal impact on existing flight hardware, training, and
facilities. The primary objective of this capability is the
safe return of the crew.

The rescue plan will be implemented only if circumstances occur

which result in loss of CSM capability to safely return the ‘
Skylab crew to earth. The plan hinges on use of the OA as a

shelter for the stranded crew until another CSM and Saturn
Taunch vehicle (SLV) can be readied for flight. If rescue is
deemed necessary for SL-2 or SL-3, the next-in-line CSM will
be fitted with a special kit and flown as the rescue vehicle.
For SL-4 rescue, a spare launch vehicle and CSM will be
available.

The rescue vehicle will consist of a CSM modified to permit
Jaunch and mission operations with two crewmen and a return to
earth with five crewmen. Modifications to the CSM will be
made to the crew couch, attenuation systems, stowage, and
environmental control and communications systems. During .
lTaunch of the rescue vehicle, ballast will be carried in the

empty couch and will be transferred to the OWS after docking.

Present plans call for the two CSM's to time share the S-band
communications link to the ground and to use very high frequency

(VHF) for voice communications between vehicles. '
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Special provisions are also being made on the OWS to furnish
uplink and downlink communications with the Skylab crew in
case of total CSM communications failure. Existing VHF and
teleprinter systems on the OWS will be used for this purpose
through suitable modifications.

Rescue Response Time

Rescue response time will be a function of the degree of pre-
launch preparation of the next-in-line booster and spacecraft
at the onset of the rescue situation. Launch preparation of

the next vehicle shall continue normally until avdecision is

made to commit to the CSM rescue mission. Then the CSM will

be modified and the total systems preparation will be accel-

erated. KSC has estimated the time to launch readiness after

committing to rescue in the table below.

Days into mission Days to rescue
at contingency onset launch
0 48
14 34
28 26 1/2
42 16
56 10

Mission Profile

After completion of launch readiness, the Taunch opportunity
will be selected for proper conditions to minimize the time
from launch to rendezvous. Tkajectory planning for Taunch
through insertion will be similar to that palnned for the
nominal mission. Total rescue mission duration will be
limited to 5 days from launch to recovery. During rendezvous
operations, the OA shall be maneuvered to the Z-axis parallel
to local vertical (Rendezvous mode) [Z-LV(R)] attitude to
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provide acquisition light support to the rescue CSM during
rendezvous. Rescue CSM docking may be accomplished at the
MDA radial port. Docking may take place at the axial port if
the disabled CSM is jettisoned. A capability for jettison of
the disabled CSM is being developed. Post-docking attitude
control will be maintained by the APCS. The maximum CSM on-
station stay time at the radial port is limited to 15 hours
because of thermal constraints.

After committing to rescue and before rescue docking, the
Skylab mission timeline will be replanned to optimize the
scientific data return. An effort is now being made to pri-
oritize the experimental data which will be transferred to the
rescue CSM and returned to earth consistent with time con-
straints and stowage/weight capability of the rescue vehicle.
Circumstances permitting, the SWS will be deactivated and
prepared for nominal revisit prior to crew departure.

SKYLAB BACKUP MISSION

A backup SL-1 mission is planned for Skylab. This mission will
be flown if, during the first 5 months of the Skylab program,

a failure occurs which would preclude completion of the program.

The backup PS/MDA/AM/OWS will be shipped to KSC after manu-
facturing verification. After the SL-1 launch, KSC will start
processing these modules to incorporate acceptance checkout
requirements into the normal prelaunch checkout. The backup
ATM will undergo normal acceptance checkout before delivery

to KSC.

The processing rate will allow the backup SL-1 launch to be
scheduled 10 months after the nominal SL-1 Taunch. If at the
end of 5 months no need has been established for the backup
mission, the hardware will be placed in storage.
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MISSION CONTROL

GENERAL

The Flight Operations Director (FOD) is responsible for all
operational aspects of Skylab spaceflight missions and pro-
vides the management interface between the Flight Director

and Program Management. Direct responsibility for mission
control, however, will be vested in the Flight Director at

the Mission Control Center (MCC) throughout the mission. Flight
control functions will be effected by flight controllers at the
MCC utilizing the remote sites of the STDN. Mission control
will be accomplished by providing in-flight analysis of the
mission (mission trajectory, vehicle systems, experiment sys-
tems, scientific data, and flight plan) and by controlling the
progress of the in-flight phase of the mission through the
utilization of voice, telemetry, tracking, and update capa-
bilities remoted from the MCC and STDN facilities.

The general mission control functions to be accomplished by
flight controllers are as follows:

A. Monitor and evaluate, in real and delayed time, the
vehicle systems, experiment systems, scientific data,
and trajectory data. Based upon these data, decisions
will be made concerning the progress of the mission to-
ward satisfying primary mission objectives and mandatory,
principal, and secondary detailed test objectives (DTO's)
and the need for proceeding to alternate flight plans,
contingency plans, or mission aborts.

B. Monitor and evaluate the condition of the flight crew.
Based upon these data, decisions affecting crew health
and safety will be made.
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C. Perform ephemeris and maneuver updating in real time.
Updated information will be passed to the spacecraft via
the up-data 1ink and voice from the MCC.

D. Monitor, evaluate, and update flight plan activity, includ-
ing experimental tasks, work/rest cycles, equipment checks,
et cetera. Decisions to alter flight plan activity will be
based upon such factors as crew status, spacecraft status,
experiment status, STDN status, weather, et cetera.

E. Advise the flight crew of updated mission instructions,
anomalies in spacecraft systems found during ground
monitoring, ground evaluation and recommendations to solve
or circumvent any spacecraft anomalies, and recovery-area
weather conditions.

In addition to these general functions, the specific flight
control functions and responsibilities which will be carried
out during the following mission phases are outlined as follows:

Prelaunch test

Countdown

Unmanned Taunch

Initial SWS activation
Manned launch

Rendezvous and activation
Manned orbital operations
Deactivation and entry

— I O M m o O W >

Unmanned operations
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PRELAUNCH TEST

SL-1 Pre]aunch Tests

Prelaunch testing of the Saturn V and the SWS will follow the
same general guidelines used throughout the Apollo Program.

A telemetry-data-flow test will be run prior to any direct MCC
support of the space vehicle. This data-flow test may use the
operational telemetry downlinks from the ATM and the AM/OWS as
data sources. These data will be played through the STDN
telemetry processing and display systems to verify that they
are compatible with the flight telemetry.

The first test in which the MCC will directly interface with
each vehicle/module [i.e., launch vehicle (LV), ATM, and AM] will
be an MCC command interface test to verify that MCC commands
produce the correct vehicle responses and that the proper indica-
tions are downlinked in the telemetry bit stream. For SL-1 this
test will be followed by a simulation of the SWS mission, con-
sisting of normal mission activities including SWS Tlaunch,
activation, normal manned operations, and deactivation. A
second MCC command interface test with each vehicle will be
conducted as close to launch as possible to serve as a final
interface verification, including all late telemetry and com-
mand changes to both flight and ground software and hardware.

The MCC will support the space vehicle Flight Readiness Test
(FRT) to ensure that both the SL-1 space vehicle and the STDN
are in a state of flight readiness. This test will also demon-
strate the compatibility of all systems when they are as near
as practicable to their Taunch configuration.

The Countdown Demonstration Test (CDDT) for SL-1 will exercise
those procedures necessary to achieve an ontime launch.
Support for this test will be provided to the same degree that
the actual countdown will be supported.
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3.2.2 SL-2, SL-3, and SL-4 Prelaunch Tests

For SL-2, two MCC command interface tests will be conducted
with each vehicle (CSM and LV). As with the SWS, this will
be the first test in which the MCC will directly interface
with each SL-2 vehicle for MCC command and telemetry verifica-
tion. A second test will be repeated as close to launch as

possible to serve as a final interface verification and will
include all late telemetry and command changes to both flight
and ground hardware and software. The MCC interface tests are
required only for the first CSM mission (SL-2) unless telemetry
or command changes to either onboard or ground equipment in-
validate the test.

For each CSM flight the MCC may support an FRT and will support
a CDDT test. The purpose of these tests for the CSM flights is
essentially the same as that for the SL-1 flight.

3.3 COUNTDOWN

Figure 3-1 illustrates the operational sequence of the SL-1
countdown along with the operational sequence of the SL-2
countdown. The launch countdown may be monitored (voice and
telemetry) on a limited basis as early as T-24 hours. However,
full MCC support will not be provided until approximately

T-6 hours. The SWS telemetry downlink will be active to
monitor the functions listed in Table 3-I.

Spacecraft systems checkout will be accomplished by KSC using
the automatic checkout equipment (ACE), and the status and
gross system appraisal will be relayed to the MSFC and the

MCC. This information, coupled with MCC's spacecraft checkout
information and network evaluation, will provide the basis for
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Function description

Commands used

Telemetry

MDA/AM 1is pressurized with

with gaseous N2 to approxi-

mately 5.0 psig. The. MDA/
AM vent valve is closed.
Following the leak check,
the MDA/AM is vented to
ambient. Test is performed
at 1ift-off minus TBD hours
for a minimum duration of
24 hours.

MDA/AM 1is pressurized with

gaseous N2 to 5.0 psig

through ground umbilicals.
The MDA/AM vent valve is
locked shut. Test is per-
formed at lift-off minus

13 hours for a TBD duration.

A11 OWS vent valves are

closed. The LH2 and LOX

tanks must be pressurized
to 22 psia to enable the
physical structure to
withstand max dynamic
pressure. Function per-
formed at Tift-off minus
2 minutes.

MDA vent valve is opened

to allow internal
atmosphere to vent to
ambient during launch

phase and to reach 5.0 psia
(below relief valve cut-
off). Function is per-
formed at 1ift-off minus

5 minutes.

The single-pump operation

of each AM coolant Toop

is activated by ground
command. Flow will bypass
the radiators up until

T - 2 minutes. GSE cool-
ing is available. Func-
tion is performed at
1ift-off minus 2 minutes.

MDA/AM vent valves 1
and 2: power on/
off

MDA/AM vent valves 1
and 2: open/close

MDA/AM vent valves 1
and 2: power on/
off

MDA/AM vent valves 1

and 2: open/close

GSE hardline

MDA/AM vent valves 1
and 2: power on/
off

MDA/AM vent valves 1
and 2: open/close

Primary coolant

pump A: on

Secondary coolant
pump A: on

MDA-vent-valve status
MDA absolute pressure

A11 compartments,
cabin ambient AP

MDA-vent-valve status
MDA absolute pressure

A1l compartments,
cabin ambient AP

LH, tank pressure

2

LH2 vent valve close
discretes

LOX tank pressure

LOX vent valve close
discretes

MDA-vent-valve status
MDA absolute pressure

A1l compartments,
cabin ambient AP

TM temperatures from
specific coolant-
loop points

ON-OFF discretes for
each pump

safeguards will have to be impleme
being inadvertently transmitted.

is discussed in Paragraph 6.2.3.
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mission GO/NO-GO decision. Specific flight control procedures
during the prelaunch phases are as follows:

A.
B.

Monitor spacecraft checkout - KSC and MCC.

Monitor launch vehicle systems status - Launch Control
Center (LCC), MSFC, and McCC.

Verify network status - MCC and Goddard Space Flight Center
(GSFC).

LCC and MCC control-display status.
Recovery-force status and weather decision.

Transmit SL-1 targeting parameters to the SL-2 launch
vehicle digital computer in the IU. Command loads will
be generated at the MCC based on latest tracking data and
will be transmitted to KSC at approximately T-8 hours for
loading into the IU computer via the DCS. This load is
also sent to the Huntsville Operations Support Center
(HOSC) for verification. A final update on the target
load and Tift-off time will made between T-37 and T-15
minutes. This update will again be based on MCC computa-
tion of the targeting parameters from the latest available
remote site tracking data.

Both a prime and backup mode will be available for entering
and updating the targeting parameters. The prime mode is
the DCS, and the backup will be hardline via the RCA 110A
computer at KSC using a teletype (TTY) 1ink from the MCC.
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UNMANNED LAUNCH

Launch window‘Plannigg

The time of day of the SL-1 launch establishes the framework

for the launch sequences on all of the following missions that

use the SL-1 as a target. The SWS can only be launched between
certain times and still provide SL-2 with proper abort lighting
conditions on the following day. In addition, KSC has a re-
quirement for at least a 1.5-hour Taunch window. This allows

KSC some time in solving problems which may occur during the
count. For Skylab, a 1.5-hour window has been selected for the
SL-1 launch with 1ift-off occurring at the beginning of the window
at 12:30 p.m., Eastern Standard time (E.S.T.).

Also of concern in planning the SL-1 Taunch is the phase-plane
relationship for launch of SL-2 the following day. The longi-
tude of the descending node of the SL-1 orbit will be shifted
about one degree west of the optimum planar point by yaw steer-
ing during the Saturn V boost to force the SL-2 Taunch window
to occur during optimum phasing conditions. See the Skylab
Preliminary Reference Trajectory document for a more comprehen-
sive discussion of this phase-plane relationship.

Flight Control Functions

Flight control functions for the SL-1 unmanned launch phase
will consist of the following:

A. The booster systems and trajectory will be monitored by
ground controllers in order to advise the Range Safety
Officer (RSO) of vehicle performance. No abort capability
is planned; however, the RSO will have manual fuel cutoff
(MFCO) and propellant dispersal commands for the S-IC and
the S-II.
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The trajectory will be monitored by the Flight Dynamics
Officer, and he will provide status information to the
MCC team throughout powered flight and report insertion
orbit conditions.

INITIAL SWS ACTIVATION

The flight control functions for the initial SWS activation
phase are as follows:

A.

Monitor and backup the IU functions, monitor and control
all cluster systems and functions not performed by the IU,
and perform systems status checks.

Manage the SWS communications systems. Antenna and
communications system configuration will be accomplished
entirely by ground command.

Track the S-II stage during the period from S-II/0WS
separation to SL-1 1ift-off plus 7-1/2 hours. This support
will be on a non-interference basis with SWS skin tracking.
S-IT tracking is intended to verify successful operation

of the S-II stage retrorockets and is also required to
maintain an S-II ephemeris for possible recontact analysis.

Track the SWS for orbit determination. Active tracking
will be done on the IU S-band transponder during its
lifetime, which for Skylab will be extended to 100 hours
with the addition of a fourth battery on the IU. Skin
tracking is also required during the period from SL-1
lift-off plus 7-1/2 hours until completion of the ren-
dezvous. Both transponder and skin-track data will be
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used in developing the OWS state vector for use in targeting

the SL-2 launch vehicle and for computing post-insertion
rendezvous parameters. '

E. Verify via telemetry that the S-II stage is safed. Planning

now indicates that the S-II stage will be safed by a timing
sequence which begins approximately 3.5 minutes after
separation. No backup ground command capability will exist
for initiating safing.

F. Verify that the cluster systems are capable of supporting
the mission prior to committing SL-2 to launch. Normally
the cluster checkout criteria (Table 3-II) will be verified
prior to launching SL-2. If it is not possible to verify
a function, the decision whether to launch SL-2 will be
made based on flight crew safety and on the capability of
the flight crew to activate the system and/or correct the
problem onboard.

MANNED LAUNCH

Launch Window Planning

A variable Taunch azimuth technique will be used for launch of

the three CSM missions. This technique allows a daily 16-minute

plane launch window, 8 minutes either side of the optimum
(in-plane) payload point. The boundaries in this plane window
are defined by the 700-pound 1imit of S-IVB yaw steering pro-
pellant. The phase angle between the manned CSM and the SWS
must also be considered in defining the CSM Taunch window
because this affects the type and duration of the rendezvous.
For Skylab, it is highly desirable that rendezvous and docking
occur early enough to allow first day urine samples (collected
for experiments MO71 and M073) to be placed in the OWS freezer
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TABLE 3-II.- CLUSTER CHECKOUT CRITERIA

Criteria

. Checked out by

Adequate cluster electrical power is available
to support requirements.

Pressure integrity of the SWS verified.

Adequate consumables: TACS, food (freezer
status), water, oxygen, and nitrogen.

Adequate thermal control.
Attitude control capability.
Adequate instrumentation.

APCS operating and solar inertial attitude
maintained.

The orbital parameters of fhé SWS must be such
that mission durations of at least TBD* days
will be possible.

™

Ground command

and T™
™
™
™
™
EMOD and TM

Tracking and
™

*To be determined by the Skylab Program Office for satisfactory
completion of the SL-2 mission.
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within 24 hours of lift-off. This requirement dictates that an
early rendezvous (M = 5 through 8) be accomplished on each CSM
mission.

An SL-1 nodal shift performed during the Saturn V launch (see
Paragraph 3.4.1) causes the nominal 1ift-~off time for SL-2
(opening of the M = 5 phase plane) to occur in the middle of the
plane window on May 1, 1973. Figure 3-2 shows the phase-plane
conditions for the nominal 1ift-off time. This chart also

shows the phase-plane conditions if a slip in Taunch time occurs.

On Day 1 (May 1) an M = 5 through 8 plane window of about 8
minutes is available. If launch is slipped beyond this

8 minute window, it will be necessary to recycle to Day 2
(May 2). On May 2, about 7 minutes of anM =7 or M = 8
phase-plane window is available. If launch is delayed on
Day 2, a recycle to Days 6 and 7 will be necessary.

Flight Control ?unctions

Flight control procedures for the manned launch phase will
consist of the evaluation of spacecraft systems, launch vehicle
systems, flight crew condition, and space vehicle dynamics and
trajectory. Mission abort capability will exist for cases of
adverse launch vehicle and spacecraft system or trajectory
conditions. Abort can be initiated automatically by the
emergency detection system (from lift-off to T+171 secondsj

or manually by the crew. Abort request can be initiated by

the Flight Director on recommendations from the CSM Systems
Engineer, the Booster Systems Engineer, and the Flight Dynamics
Officer. Also, abort request can be initiated by the Flight
Dynamics Officer and the Booster Systems Engineer when specific
mission rules are violated. Abort request is relayed to the
flight crew by voice and/or by digital uplink command. (The
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through 8 only).
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digital uplink command Tights the ABORT 1ight on the crew
display panel.) Specific flight control procedures which are
accomplished between 1ift-off and orbital insertion are as
follows:

A. Monitor and evaluate launch vehicle systems

B. Monitor and evaluate spacecraft systems

C. Monitor and evaluate the condition of the flight crew
D

Monitor and evaluate space vehicle dynamics and trajectory

E. Call marks on abort modes

F. Send abort request if mission rules are violated

G. Provide contingency maneuvers

H. Monitor the flight plan and recommend alternate procedures

to the flight crew in contingency situations

I. Advise the flight crew of launch vehicle, spacecraft, and
trajectory status

RENDEZVOUS AND ACTIVATION

Dispositioh of the S-IVB

When separation occurs at a GET of 16 minutes, the S-IVB will
be safed by venting the pressurant bottles and propellant
tanks. Flight controller support will be provided throughout
the IU Tifetime for systems monitoring and control of the pas-
sivation activity and for orbit determination. For SL-2,
Experiment M415 (Thermal Control Coatings) and for SL-4,
Experiment S150 (Galactic X-Ray Mapping) will be operating

for a minimum of four orbits after CSM/S-IVB separation.
Experiment telemetry will be dumped through the IU a minimum
of once each orbit. From the end of the IU lifetime until
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reentry, the S-IVB will be skin tracked for reentry deter-
mination (on a non-interference basis with OWS tracking).

Rendezvous

Ground functions in support of the rendezvous phase will include
the following:

A. The decision to start rendezvous will be made by the Flight
Director at CSM insertion. This decision will be based on
satisfactory operation of the ECS, EPS, and either the pri-
mary guidance and navigation system (PGNCS) or the stabili-
zation and control system (SCS) for maneuver execution and
attitude control. In the event the PGNCS has failed, the
SCS and onboard charts [with VHF for corrective combination
rendezvous maneuvers (NCC's) and rendezvous coelliptic maneu-
vers (NSR's)] will provide an acceptable backup for the ground
solution. The MCC will generate solutions for all maneuvers
through the rendezvous terminal-phase initiation maneuver
(TPI). The MCC will be prime for NC-1 and NC-2. However,
for launches at the opening of the window, the CSM VHE
ranging to the SWS should become usable just prior to NC-2
and may make the crew solution better than the MCC solution.
For all maneuvers, the crew will decide whether to use the
ground or the onboard solution.

B. Throughout the rendezvous, the following checks or procedures
are accomplished by the ground or crew as required:

Pulse integrating pendulous accelerometer (PIPA) bias check
Inertial measurement unit (IMU) realign and optics check
IMU drift check

Ignition attitude check

SCS drift check

Entry monitoring system checks

~N OO O Brw NN

SPS burn monitoring
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C. Target vector updates based on latest available SWS tracking
data will be computed by the ground and uplinked to the CSM
prior to the NC-1 maneuver and again prior to NC-2.

D. CSM state vectors will also be determined by the ground
and sent up prior to NC-1 and NC-2. After that, the on-
board relative-position information (VHF and sextant)
should be more accurate than that of the ground. However,
the MCC will continue to generate vectors and will be pre-

pared to uplink them in the event of an onboard problem.

E. To support the CSM-SWS VHF ranging antenna coverage, the SWS
will be maneuvered to the Z-LV(R) attitude via ground com-
mand and then back to the solar inertial mode prior to dock-
ing. As now planned, the command to do this will be sent
to the SWS over the Madrid site at an SL-1 GET of aboht»

27 hours. Reacquisition of the solar inertial mode will
be ground commanded after TPI at an SL-1 GET of about
30 hours over the stateside statjons.

F. The data storage equipment (DSE) will be used to record
high bit rate (HBR) data during each SPS burn, and will
be dumped after each burn where no real-time burn data is
available. Because of the relatively poor coverage, this
will generally be the case.

G. The ground will also be required to command the acquisition
lights and docking Tights on and off during rendezvous.

Activation

No unique MCC flight control functions are required during
manned activation of the SWS. Normal communications and data
management support will be provided. The MCC will monitor the
activation and be prepared to provide assistance as required.
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As indicated in Section 2, activation will be completed at
approximately 26:30 GET.

MANNED ORBITAL OPERATIONS
During the manned orbital phases, flight operations will be
active in several primary areas. Each of these areas is

discussed in the following paragraphs.

Systems Management

Although the onboard systems design for the orbital assembly
incorporates a caution and warning system in each vehicle,
ground controllers will remain responsible for detailed

systems analysis, trend projection, consumables management,

and definition of crew malfunction procedures when required.
For ground-rule purposes, Flight Control Division (FCD) has
stated that the CSM, ATM, and OWS systems coverage require-
ments are 2 minutes of good real-time coverage per 2 hours,
with no gap exceeding 2 hours. As an aid in systems and
experiments data analysis, onboard tape recorders are capable
of storing data for 2 hours (CSM), 90 minutes (ATM), or

4 hours (OWS), if necessary. These recorders will be used

for systems analysis during SWS activation and for later mis-
sion phases as required. The ATM and OWS recorders will be
used extensively for experiments data. Normal command activity
will include communications management functions, computer
updates, and backup to crew-initiated or automatically initiated
sequences. In addition, systems failure may require that com-
mands be sent to the SWS. Specific cluster systems management
areas are outlined in the following paragraphs.
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Special systems management.- Aside from the type of systems

monitoring and analysis presently required for Apollo (e.g.,

leak detection, temperature monitoring, electrical load

sharing, attitudes, and rates), design features unique to

the SWS necessitate additional tasks to be accomplished.

These special functions assigned to the systems flight

controllers include the following:

A.

CMG Momentum Management

The CMG's which are used for attitude control of the

Skylab cluster present a unique problem of managing the
momentum of a set of three very large gyros as opposed to
the management of propellants for the RCS systems of

Apollo. Momentum management involves the most optimum
utilization of the CMG's to maintain attitude and to

perform maneuvers while insuring that undesirable momentum
accumulation is minimized. The most important part of

this process is to minimize use of the TACS propellant.
Ground flight controllers will optimize required maneuvers
through the use of a dynamic model or application program

of the Mission Operations Planning System (MOPS) defined

in Appendix B. Flight controllers wil]l have the capability
to change the momentum control elements in the ATM digital
combuter (ATMDC) momentum management program, update the
TACS characteristics in the computer, cage the CMG's, use
gimbal control, et cetera. They will advise and assist
flight planners on possible ways to optimize planned maneu-
vers. Through the Flight Operations Management Room (FOMR)-
HOSC interface, flight controllers will also have access to
the MSFC Astrionics Simulation Laboratory to evaluate through
simulations; pointing angles, maneuver times, momentum control
elements, et cetera.

3-19




* SKYLAB BOP
BASIC

B. Electrical Power System (EPS) Management
The EPS for Skylab is an integrated system which involves

EPS sources and loads from three modules: the CSM, the

ATM, and the AM. For these modules, ground controllers
will be responsible for EPS management which includes the
following:

1. Evaluation and updating of EPS parameters such
as the EPS loads, load sharing, and power generation
changes.

2. Accounting for EPS operation and capability for
both Z-axis parallel to local vertical (Z-LV) and
solar inertial attitude modes.

3. Maintaining status on the orbital energy balance
(energy removed per orbit versus battery charging

energy for that orbit).

4. Checking for EPS constraints violation prior to
planned load changes. This includes battery
depth-of-discharge 1imit checks as well as fuel
cell and solar power generation capability tests.

Ground controllers will make use of a computer application
model in the MOPS for assistance in management of the EPS
for Skylab. This is discussed further in Appendix B. In
addition, an EPS breadboard at MSFC will be available for
use in supporting real-time operations for Skylab.

3.8.1.2 Extravehicular activity systems (EVA) management.- During EVA,

which will be required a total of six times during the three
manned missions, the monitoring of EVA systems data will require
additional flight controllers. Medical data monitoring during
EVA will also require a complete shift of medical personnel.
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Although EVA is considered a major mission activity requiring
full MCC support, the responsibilities of other flight control
positions should not be heavily impacted. As now planned, EVA
activity will be Timited to 3 hours. Also, EVA scheduling
while in the South Atlantic Anomaly will be held to a minimum.

Thermal management.- Thermal monitoring of the cluster vehicles

will continue to be, as in Apollo a prime concern of the flight
control team. The additional blanket heaters added to the

Skylab CSM (see Paragraph 2.2.1) are automatic but will require
monitoring similar to present Apollo thermal monitoring. For
nominal operations of both the CSM and OWS, this monitoring
primarily involves managing the thermal system during the mission
with parametric data (redlines, et cetera) developed premission
and reflected in the mission rules and mission procedures.

For off-nominal conditions the thermal performance of the OWS
will be analyzed through the use of a math model located at MSFC.
The computer program for this model will require telemetry
initialization data from the MCC. This will be furnished to
MSFC on an "as needed" basis.

Quiescent CSM systems management.- During the long duration

orbital phases of Skylab, many of the CSM systems will be
powered down. The general philosophy on quiescent systems
management is to accept most of the systems as normal without
testing or cycling. A system will be tested or cycled when a
failed test would result in a definite mission action, or when
cycling is required for routine maintenance. The periodic
testing activities that have been proposed in the Skylab
flight plan are listed on the following page:
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Daily Functions Weekly Functions
Battery voltage checks CMC time update (two site passes with
Fuel cell checks time between for clocks update
Cryo storage system monitor generation)
Battery manifold vent CMC EMOD dump
H20 condensate check CMC nav update
LiOH canisters check Alternate primary loop pump
02 regulator check Top off 02 supply
HZO tank pressure check Circulate secondary glycol loop and
Secondary loop check recheck in 1 hour
SPS check Circulate primary loop radiator 2
RCS check and recheck in 1 hour
Alternate inverters 1 and 2
Total time req - 20 minutes | Total time req - 25 minutes ‘
3.8.2 Flight Software Management
3.8.2.1 ATMDC flight software.- During the manned phases, the operafion

of the ATMDC flight software will be monitored in real time

much the same way as the Apollo flight software is currently
monitored (i.e., event lights and special computer displays).

Normal software management will consist of daily navigation

and timing updates. The memory will be dumped and verified

on a scheduled basis and when deemed necessary in anomaly

situations. If automatic switchover of computers occurs, a ‘
memory dump will be performed as part of the troubleshooting

process.

FCD has specifically requested support from MSFC for use of the
ATMDC Simulation Facilities at MSFC. The basic utilization
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of this capability will be in prelaunch or real time as the
need develops as follows:

A. To determine the need for updating ATMDC flight constants

B. To simulate ATMDC operational procedures for troubleshooting
and contingency planning

C. To verify operation of the ATMDC for proposed uplink loads

D. To assist in the area of prelaunch program verification for
the ATMDC programs

The time response for use of the MSFC flight software simulation
facility will vary from essentially online support (for SL-1
launch and activation) to a 2 to 4 hour notice for callup for
manual operation. For the unmanned periods, the time response
is generally on the order of 1 to 2 days.

Command Module Computer (CMC) flight software.- The operation
of the CMC flight software, while the CSM is active, will be
monitored in real time in the same way as the Apollo CMC flight

software is currently monitored. As indicated previously, a
CMC erasable memory octal dump (EMOD) and navigation and time
update is recommended in the flight plan on a weekly basis
while the CSM is in the quiescent state.

A G&N checkout will be done during the deorbit refresher
exercises now planned to be performed at deorbit minus 5 days
and minus 1 day.

The Skylab Program Office is presently considering an operational
test in which the CSM would be used to maneuver the OA to the
Z-LV attitude and back. If this proposal is baselined, the

G&N system will be powered up and checked out for this operation -
with ground support as required.
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Medical Operations Support

The Surgeon's basic responsibilities for crew health and life
systems remain unchanged. He and his team (MROD and FCD) will
keep up with the progress of the mission by reviewing updated
graphs of enviromental parameters, reviewing selected air-to-
ground (A/G) recorded voice transmissions, and analyzing data
from the operational biomedical system (0BS) and from the
medical experiments. Unlike Apollo, however, most of the crew

health information will be obtained from the biomedical experi-

ments and private voice communications with the crew, with the
OBS data used primarily for EVA and contingency situations.
Three contouroscopes and one vectorscope will be available in
the staff support room (SSR), and one contouroscope will be
available in the MOCR on the Surgeon's console. The Surgeon
will also be actively involved in the flight planning cycle.

Radiation Monitoring

Operational radiation monitoring will be required in much the
same manner as for present-day Apollo operations, except that
the response time for analyzing solar radiation can be relaxed.
Ground controllers will monitor operational radiation sensors
on the OA for periodic assessment of the crew dose. See Para-
graph 5.3.2.2.B for a more comprehensive discussion of this
function.

Radiation support will also be provided for ATM operations.
This support is discussed in Paragraph 5.3.2.2.C.

Experiments Support

The prime responsibilities of flight controllers involved in
experiments support will be the following:
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A. To ensure that the required amount of useful scientific
data is retrieved

B. To advise the crew in experiment operation and malfunction
analysis

C. To provide an operational interface between the Principal
Investigators and the flight control team

Because experiment operations are the mainstay of the Skylab

program, a separate section (Section 5) has been devoted to

the details of how this support will be provided. Also,

changes in the flight plan will be required based on the |
evaluation of experiment data. The mechanism for accomplish-
ing such changes is described in Section 7. Finally, the plans

for collecting, processing, and displaying the large amount

of experiments data expected during the manned phases are
defined in Section 6. |
|

Trajectory Determination and Entry Planning

During the manned orbital periods, this function should remain
at a Tow activity level. Routine ground tracking will be
performed using the CSM unified S-band (USB) Doppler data.
C-band skin tracking will be used for updating the ephemeris
information in the Real-Time Computer Complex (RTCC) each day.

As indicated earlier, the onboard computers (ATMDC and CMC)
will be updated periodically using vectors derived from the
ground tracking information. In addition, current planning
now includes establishing daily landing area advisories and
block data updates for entry.' The teleprinter system will
be used for transmitting these updates to the crew.
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Contamination Monitoring

Operational contamination sensors will be carried on the
orbital assembly which will telemeter to ground controllers
information on contamination of the external surfaces of the

orbital assembly. These sensors, along with other sources of
information, will provide data to the ground during both manned
and unmanned phases with particular regard to the contamination-
sensitive experiments carried on the Skylab. See Paragraph
5.3.3.2 for a detailed discussion of how this flight control
function will be done.

Data Management

Communications and data management will continue to be a prime
flight control function for the Skylab missions. Ground
controllers will be responsible for maintaining optimum

communications and data flow between the spacecraft and the
ground. This will require frequent monitoring and control of

the onboard communications systems, the STDN, and the MCC.

Digital commands will be sent to the vehicle in real time for
control of the antennas, tape recorders, modulation sources,

and the transmitters and receivers. In addition, the ground

will be responsible for correlation of all onboard timers

with a common reference such as elapsed Greenwich mean time (EGMT)
and for updating all onboard timers. For a detailed breakdown

of the data management tasks, see Section 6.

Mission Management ‘

Although this task will necessarily resemble present-day

mission activity, a very large interface with the "outside

world" will exist. Representatives from the FOD, Flight
Crew Operations Directorate (FCOD), MSFC, MSC Skylab
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Program Office (SLPO), Apollo Spacecraft Program Office
(ASP0), Science and Applications Directorate (S&AD), Medical
Research and Operations Directorate (MROD), and NASA Headquarters
will all be involved in the decision-making process. The Flight

‘ Director/flight controller interface will be similar to the
present. The Flight Operations Management Support (formerly SPAN)
functions in mission management are described in detail in Section 4.

Due to the large number of experiments to be performed, the
mission management function of crew activity scheduling will
be more complicated than that for the mainline ApolTlo Program.
For this reason, computer assistance in the form of an Activity
Scheduling Program (ASP) will be provided to identify experiment
scheduling constraints and to aid in conflict resolution. The
scheduling effort will result in daily updates to the flight
plan. Section 7 describes in detail the interfaces and mecha-
‘ nisms for accomplishing this crew activity scheduling, and Appen-
dix B discusses the tool (ASP) for doing this scheduling.

The Flight Director will be responsible for providing daily
reports to NASA management on Skylab mission status. These
reports will be prepared for the Flight Director by the FOMR
personnel under the direction of the FOD FOMR manager (see
Section 4). Mission status inputs to the daily reports will be
provided as required by the Mission Operations Control Room
(MOCR) and SSR flight controllers, as well as the Manned Space-
craft Center (MSC) and MSFC Program Office representatives.
The status report will be reviewed and approved by the Flight
‘ Director prior to being given to management.

Depending on managements's preference, the daily status re-
ports can be given verbally by the Flight Director or sent

to management in written form.
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Any mission problem which occurs and requires management's
attention can best be handled by a direct call from the
Flight Director to the appropriate management personnel.
Individual flight controllers can be called upon if neces-

sary to brief management on specific problems.
3.9 DEACTIVATION AND ENTRY

Flight control functions and procedures during this phase will
include the fcllowing:

A. Assisting the crew in verifying that the detailed OWS,
MDA/AM, and ATM deactivation checklists are accomplished.
This includes verification that the ATM C&D console is
enabled for ground command and that S149 is properly
configured for unmanned operation.

—B. Uplinking the digital CMC updates to the spacecraft via the
command system. These include the navigation load or
state vector and a Refsmmat to setup the CSM flight director
attitude indicator (FDAI) for the proper roll, pitch, and
yaw attitude indication to facilitate attitude monitoring
by the crew during entry.

C. Providing a teleprinter uplink of the maneuver data (PAD)
to the crew which is recorded by the crew for future use.
If the command uplink is not available prior to the
deorbit maneuvers, the crew will manually enter these data
into the CMC. Voice uplink of this same data will be
available as a backup to the teleprinter.

D. Verifying that the flight crew has properly conducted the
retrofire checklist.

E. Confirming, via telemetry, that the CMC is executing the
entry program.
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F. Computing, with tracking (when available), the spacecraft
impact point.

G. Advising the flight crew of the recovery area conditions.

As indicated earlier, nominal deorbit will be performed using
two SPS maneuvers. Preparation for the second maneuver is
similar to the first. The ground will compute and uplink the
CMC navigation update for the second burn using tracking or
telemetry data or burn residuals from the first SPS maneuver.
If Spaceflight Tracking and Data Network (STDN) coverage is
available after the second SPS maneuver, an entry postburn
update will be voiced to the crew if the values are different
from the preburn values.

UNMANNED OPERATIONS

Post-Separation Support

After CSM separation, the SWS will continue to be supported for
a continuous period of up to one day, or until the systems

have stabilized. During this period the ground will command

and monitor a forced blowdown of the SWS from 5 psia to 2 psia.
The contamination effects of blowdown on the SWS will be closely
observed by the ground via the quartz crystal microbalance-
contamination sensors (QCM's). After systems stabilization,

the routine storage period will begin.

Daily Storage Operations

To minimize the risk of long-term deterioration of the SWS,
periodic monitoring of the SWS systems will be performed by
MCC personnel on a daily basis. The support will be divided
jnto an active monitoring period and a reduced monitoring
period. In addition to the systems support, Timited operation
of some Skylab experiments has been baselined for the unmanned
periods and will be supported by ground controllers. The
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active and reduced monitoring period activities are discussed

in the following paragraphs.

3.10.2.1 Active monitoring support.- Active monitoring will be provided
up to 8 hours per day by MCC personnel with a planned minimum
of two remote site contacts per revolution. During this period,

a team of ten to fifteen people will be required to do in-depth
SWS status analysis and to perform routine maintenance func-
tions and science support as defined below. A Flight Director
will lead this team and be responsible for updated support and
activity plans. Demands made on other organizations, such as
site scheduling, will be transmitted at regular intervals. The
unmanned period flight activity planning is described in more
detail in Section 7. Unmanned phase FOMR support is discussed
in Section 4. Nominal ground functions for the active period
will include the following:

A. Navigation and Timing Updates

The ATMDC will be updated by ground uplink of several
navigation and timing parameters. Updates will occur

once per day about 3 hours after the beginning of the
daily active support period. This 3-hour period allows
collection and processing of a reasonable amount of C-band
skin tracking information from the remote sites for
computation of the SWS state vector.

B. Systems Monitoring

At the beginning of the daily active support period, MDRS
systems data for the last 16 hours will first be reviewed.
Then the status of all SWS systems will be actively mon-
jtored including the following:

1. Checking the consumables quantities
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3. Evaluating the momentum management program operation
for the APCS

4. Providing systems support for operation of the ATM
experiments

5. Determining the spacecraft recorder requirements in
support of the systems

6. Forecasting systems status for the ensuing 24 hours

Throughout the unmanned phases, the determination of any
degradation in SWS systems will have to be taken into
consideration in the flight planning effort for the next
mission. An example of this would be loss of a CMG or
solar panel degradation.

C. Experiment Operations

1. ATM
As indicated in Section 2, three of the ATM experiments
(S052, S054, and S055) will be operated during the
active support period. Figure 3-3 shows a typical
daily timeline of unmanned activity, including ATM
operations, which addresses both the 8-hour active and
16-hour reduced monitoring periods. Ground tasks for
ATM operation during the active period include the
following:

a. Control of ATM experiment canister pointing
(offset or sun centered).

b. Control of ATM operating modes.

c. Control of experiment on-off function. (S054, for
example, will be turned off by the ground prior to
SAA passage.)

d. Control of filter sequences.
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e. Control of the aperture doors.

f. Verification of experiment status during operation
and at close out.

2. S149
The micrometeorite collection experiment, S149, will
be operated during the unmanned intervals in the follow-
ing manner:

a. First, the experiment extensijon mechanism will be
deployed approximately 3 feet out the antisolar
scientific airlock by the crew prior to their de-
parture. The cassette doors will remain closed
after an integrity check by ground command.

b. Next, after crew departure and cabin blowdown
(approximately 12 hours), the cassette doors will
be commanded open over a remote site by ground

controllers. The opening cycle takes about
5 minutes and will be monitored by the ground
in real time.

c. Thereafter, the cassette doors will nominally re-
main open until prior to the next manned docking.
The ground will command the cassette doors closed
over a remote site prior to docking in order to
avoid contamination of the experiment during
docking operations.

Communications, Tracking, and Data Management

Routine MCC communications management commands in support
of the unmanned SWS will follow essentially the same
pattern as the manned period commands. These commands,
which are largely repetitive in nature at each site
acquisition of signal (AOS) and loss of signal (LOS), .
are listed on the following page:
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a. Primary Tape Recorder - Playback

b. Primary Tape Recorder - Record

c. Antenna Switch Command (based on computed remote
site Took angles)

Data Dump Enable - On

Data Recorder Dump Execute - On

Data Recorder Dump Execute - Off

Data Dump Enable - Off

Antenna Switch Command (based on computed remote

T a o T 9o |>
P a0 T oz

site look angles)

To avoid loss of data due to the continuous loop design

of the ATM recorder, this recorder will be dumped at least
once per revolution, and shall not exceed 90 minutes of
recording time.

Since both the AM receiver/decoders will be active during
the unmanned period, time-to-go to command system transfer-
AM timer (TR) updates will not be made on a routine basis.
A TR update of the maximum value will probably be made
three or four times during each unmanned period to maintain
the TR register at a positive value.

Tracking support during the unmanned phases will be fur-
nished by skin tracking the SWS each time it comes over
Merritt Island launch area C-band site (MLA) and Carnarvon,
Australia-STDN station (CRO) above 3-degrees elevation.

MLA and CRO are present]yvthe only sites baselined for C-band
skin tracking support. These sites will be used on a 24-hour
basis during the unmanned phase.

Data management during the active support period will be
essentially the same as the manned period data management.
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See Section 6 for a detailed description of the Skylab
data management and its disposition.

Contamination Monitoring :
During the unmanned intervals the status of the cluster

contamination environment will be monitored in real time
via telemetry at each remote site pass. From this in-
formation, a contamination status report will be made
available (by display) for the Flight Director and ATM
controllers within the first 3 minutes of each remote
site pass during the active support period. The contami-
nation level will be used as a guide by the ATM personnel
in planning the operation of their experiments.

Support Scheduling

To avoid facilities conflicts on those days when PAD tests

and simulations are scheduled in the MCC, the active sup- ‘
port period will be scheduled around these activities. The

PAD tests and simulations will usually occur during normal

working hours. On those days when no PAD tests or simulations
are scheduled in the MCC, the active period may be scheduled
during normal office hours. In any case, in scheduling

the active support period adequate STDN coverage will be
considered as well as specific requirements for ATM
operations.

In recognition of the need for network support of NASA
programs other than Skylab, the approach to be taken in
scheduling. the remote sites for the unmanned periods is
to use the minimum number of sites required to satisfy the

systems requirements and experiment objectives. In line
with this, present plans call for two site contacts per
revolution during the active period, and one contact per
during the reduced monitoring period.
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3.10.2.2 Reduced monitoring support.- Reduced monitoring will be
provided during the 16-hour period following the active

support period. It will be provided through use of special
. programing that will provide a caution and warning Timit
sense operation. As now planned, this Timit sense capability
will reside in the MCC data retrieval system (MDRS) at the MCC.
A small team (perhaps 3 to 6 people) will be responsible for
collecting and monitoring the MDRS data. This team will imple-
ment a callup procedure to bring up the MCC and alert key personnel
if an out-of-1imits indication is received from MDRS data. If a
serious SWS problem is detected during the reduced monitoring
period, callup of the MCC and key personnel must occur within a
reasonable period of time. The Flight Support Division has
estimated a minimum of 1.5 hours for MCC callup. In case of
systems problems, the capability in terms of facilities and
‘ manpower must exist to extend unmanned period support to a full
24 hours per day.

The ground functions and support operations presently planned
during the reduced monitoring period are outlined below.

A. Basic Assumptions

1. Both the SWS systems and S055 will be supported via the
MDRS. Real-time telemetry display will not be available
during this period.

2. S055 is the only ATM experiment to be supported during
the reduced monitoring period (although there is now a
‘ proposal to extend S052 operation into this period).

3. The MDRS will be used to provide near-real-time access
to the vehicle telemetry data which will be played

back postpass to the MCC via the all-data digital tape
(ADDT).
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4. Sixteen-hour support of S055 (beyond the baseline
8-hour support), is desired but not mandatory. Support
may be terminated in case of facilities utilization
conflicts. For S055, the support will be limited to
communications and data systems operation necessary
for data acquisition only. This means the following:

a. No quicklook data.

b. No experiment-pointing or mode-change commands
(retargeting commands).

c. Data received is non-operational. No changes to
experiment operation will be made because of the
data received.

5. The MOPS, or equivalent, will be available to allow |
trajectory and vehicle attitude predictions accurate
enough to provide block antenna selection and site
support planning for a 24-hour increment.

6. As indicated earlier, one remote site contact per
revolution will nominally be used for both vehicle
systems and S055 support. S055 will not require
supplemental coverage.

B. Support Operations

During the active support period, the vehicle and experiment
systems will be closely monitored and evaluated each day by
MCC personnel. During this active period, the MCC flight
control personnel will prepare for the following 16-hour
period of reduced monitoring by accomplishing the follow-
ing tasks:

1. Preparing a STDN support schedule for the 16-hour
operations period.
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2. Generating a Command Plan which includes all configura-
tion commands, recorder management commands, and antenna
commands (the antenna commands will be based on predicted
remote site Took angles).

Prior to entering the 16-hour period of reduced monitoring,
the vehicle will be placed in the desired configuration
(ATM canister offset as required for S055). MCC personnel
will verify that only the necessary vehicle commands are
enabled in the remote site command computer. The operation
will then be handed over to the reduced monitoring team
stationed in the MCC who will monitor the MDRS data and

be responsible for implementing contingency plans in the
event of anomalies.

Commands will normally be initiated from the remote sites

by maintenance and operations (M&0) personnel under MCC
supervision. However, command initiation from the MCC is
not precluded. In any event, only the necessary commands
will be enabled in the Remote Site Computer Complex (RSCC),
and the ATM onboard command system may be disabled as a
further precaution. (The AM DCS will be used for ATM control
which includes ATM antenna selection, transmitter modulation,
and auxiliary storage and playback assembly (ASAP) recorder
management.) Voice lines between the MCC and the remote sites
will be required during this period for command coordination.

Command verification in real time will be required whether
commands are initiated at the MCC or remote sites. If
commands are initiated from the remote sites, the pri-
mary means of command verification will be by remote site
computer detection of a DCS message acceptance pulse on
the real-time telemetry bit stream, a change in received
signal Tevel, and the presence of modulation. Secondary

3-41




3.10.3

SKYLAB BOP
BASIC

confirmation may be provided by remote site pulse-code
modulation (PCM) ground station readout of selected param-
eters, primarily events. In any event, remote site command
histories will be required to provide a record of systems
operation and to assist in the analysis of anomaljes.

The basic data status information requirements will be
the same as for active support periods, except for that
data normally transmitted in real-time to the MCC for
display. The retrieval of S055 experiment data will be
on a noninterference basis with the retrieval of data
required for the MCC monitoring system. Data processing
and distribution will be dependent on pre-established
priorities and the efficient use of available facilities.

Pre-Docking Support

Throughout the unmanned period, a day-by-day assessment will be
made of the SWS to assure its suitability for the next mission.

Several items will be checked periodically including the
following:

A.

Remaining consumables (TACS propellant, oxygen, nitrogen,
and water) within limits required for manned habitation

Adequate thermal control

Adequate electrical power (OWS and ATM solar arrays
operating)

APCS operating and solar inertial attitude maintained
Adequate communications and instrumentation

Orbital parameters such that the next manned mission
can be satisfactorily completed
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Starting at about 24 to 36 hours prior to the launch of the
next CSM, the above items will be checked once again. The SWS
will then be pressurized via DCS command and monitored by
ground controllers for several hours to verify pressure inte-
grity. Any Timits associated with these conditions will be
determined in conjunction with the development of the Flight
Mission Rules.

Several SWS events will be supported or controlled by the
ground during the pre-docking period. Some of these are the
following:

A. Turn-on and control of OWS heaters (initiated by ground
command) required for thermal conditioning of the SWS
before habitation

B. Activating the VHF ranging system on the OWS

C. Acquiring the Z-LV attitude mode for rendezvous and
reacquiring solar inertial mode prior to docking

D.  Turn-on and control of the SWS activation (tracking)
lights and running lights
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MCC SUPPORT PLAN

GENERAL

MCC operations will be conducted from a central MOCR and

assisted by several SSR's, Science Rooms, and other supporting
areas similar to those in Apollo operations. These other support
areas include the Communications, Command, and Terminal Systems
(CCATS) area, the RTCC, the Recovery Operations Control Room
(ROCR), the Spaceflight Meteorology Room, a modified Spacecraft
Analysis (SPAN) function, and a Data Room function. The follow-
ing paragraphs discuss the MOCR, the SSR's, and the other
supporting areas.

MOCR AND SSR

MOCR and SSR Layout

Figurés 4-1 and 4-2 illustrate the MOCR console layout and
SSR room Tlayout respectively. '

MOCR and SSR Positions/Functions

Figures 4-3 through 4-6 illustrate the MOCR and SSR organiza-
tional structure. The following paragraphs contain lists of
the MOCR and SSR position functions. The nomenclature used
herein is preliminary.

MOCR position functions.- The following is a 1list of the MOCR
positions, their functions, and call signs:

A. NASA Headquarters

A console will be provided in the MOCR for a NASA Headquarters
Representative.
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Flight Operations Director ("FOD")
Responsible to the Director, Manned Spacecraft Center, for

all operational aspects of the Skylab spaceflight missions;
provides the management interface between the Flight
Director and the MSFC and MSC Program Managers.

Department of Defense Representative ("DOD")

Responsible for coordination and direction of all DOD
mission support.

Public Affairs Officer ("PAQ")
Responsible for keeping the public informed on the progress

of the mission.

Flight Director ("FLIGHT")
Responsible for MOCR decisions and actions concerning

vehicle systems, vehicle dynamics, experiment operations,
and MCC/STDN operations.

Spacecraft Communicator ("CAPCOM")

Responsible to the Flight Director (FD) for all voice
communications with the flight crew.

Flight Activities Officer ("FAQ")
Responsible for developing and coordinating the flight plan

and for coordinating all changes to the onboard flight data
file. He will also be responsible for coordinating experi-
ment PAD data.

Network Controller ("NETWORK")
Responsible to FD for the detailed operational control and

failure analysis of the ground system.

Interface Controller ("IC")

Directs the maintenance and operation effort of the MCC

and provides a point of contact within the MCC for system
interface problems.
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Medical Team Leader ("SURGEON")
Responsible to the FD for the analysis and evaluation of

all medical activities, operational and experimental, con-
cerned with the flight.

Communications Systems Engineer ("SKYCOM")
Responsible to the FD for management and troubleshooting

the Orbital Assembly audio, communications, and data stor-
age systems.

Operations and Procedures Officer ("0&P")
Responsible to the FD for detailed implementation of the
MCC/STDN mission control procedures. He is also respon-

sible for the monitoring and operational management of real-
time mission data acquisition, retrieval, and processing.

F1ight Dynamics Officer ("FIDO")
Responsible to the FD for computing and monitoring re-

quired maneuver activities, maintenance of the orbital
ephemeris, and reentry planning. During routine manned
orbital periods FIDO also serves as the Retrofire Officer
(RETRO).

Guidance Officer ("GUIDANCE")
Responsible to the FD for monitoring performance of the IU,

CMC, and ATMDC guidance and control functions and for pro-
viding updated computer information to the CMC and ATMDC
as required.

Retrofire Officer ("RETR0")
Responsible to the FD for computing and monitoring the CSM
deorbit maneuvers.
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SWS Electrical, General Instrumentation, and Life Support

Systems Engineer ("EGIL")

Responsible to the FD for monitoring and troubleshooting
the orbital assembly environmental, electrical, and instru-

mentation systems. This includes the related CSM systems
when the CSM EECOM position is not manned.

SWS_Guidance, Navigation, and Control Systems Engineer ("GNS")
Responsible to the FD for monitoring and troubleshooting the
orbital assembly guidance, control, and propulsion systems.
This includes the related CSM systems when the CSM GNC posi-
tion is not manned.

CSM Environmental and Electrical Systems Engineer ("EECOM")

Responsible to the FD for monitoring and troubleshooting

the CSM environmental, electrical, instrumentation, and

sequential systems. ‘

CSM Guidance, Navigation, and Control Systems Engineer ("GNC")

Responsible to the FD for monitoring and troubleshooting the
CSM guidance, navigation, control, and propulsion systems.

Experiments Officer ("E0")

Responsible to the FD for monitoring operation of the on-
board experiment equipment for all corollary experiments
and for assessing the validity of the scientific data for
these experiments.

Biomedical Experiments Officer ("BIOMED")
Responsible to the Flight Director for monitoring the

status of the medical experiments and maintaining status
of the medical experiments hardware.
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ATM Experiments Officer ("ATM")

Responsible to the FD for monitoring operation of the ATM
experiment equipment, canister thermal control, and television
(TV) systems and for assessing the validity of the ATM scien-
tific data.

EREP Officer ("EREP")
Responsible to the FD for monitoring operation of the EREP

experiments and for assessing the validity of the EREP
scientific operation.

EVA Systems Engineer ("EVA")
Responsible to the FD during EVA activities and certain IVA

activities for monitoring and troubleshooting the EVA Tife
support equipment. An EVA assistant who will support the

EVA Systems Engineer will also be situated at the EVA con-
sole and there will be no SSR support.

Booster Systems Engineer No. 1 ("BSE 1")

Responsible to the FD for integrating all SLV activities,
executing command action as required, and monitoring
S-1C, S-1I, and S-IB stage functions and propulsion
performance.

Booster Systems Engineer No. 2 ("BSE 2")

Responsible for integrating all S-IC and S-II systems and
for SWS deployment and activation systems monitoring and
troubleshooting for SL-1. For SL-2/3/4, responsible for
S-1B and S-1VB stages.

Booster Systems Engineer No. 3 ("BSE 3")
Responsible for integrating all IU, electrical, and instru-

mentation systems monitoring and troubleshooting.
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Staff Support Rooms and Science Rooms.- The following is a 1ist

of the SSR's and Science Rooms, their flight controller posi-

tions/functions:

A.

Operations SSR

I«

Flight Dynamics Support ("FIDO SUPPORT")
Responsible to FIDO for providing detailed analysis

and trajectory support during prelaunch, launch, ren-
dezvous, and entry and for mass properties coordination
during all phases.

ATMDC Software Control Officer ("ASC0")
Responsible to Guidance, ATM, FAO, and GNS for provid-
ing detailed support for the ATMDC software functions.

CMC Specialist ("AGC")

Responsible to Guidance, FAO, and GNC for providing
detajled support for the CMC software functions.

Data Manager ("DMAN")
Responsible to the 0&P for the monitoring and operational

management of all non-real-time data retrieval, process-
ing, and distribution activities. This includes TV, ADDT,
voice, photography and recovered data.

AM/OWS Communications ("AMCO")
Responsible to SKYCOM for monitoring detailed status and

trends and for providing malfunction analysis for the
AM Communications System.

CSM and ATM Communications ("CATC0")
Responsible to SKYCOM for monitoring detailed status and

trends for malfunction analysis for the ATM and CSM
communications systems.
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Crew Activities Scheduler ("TIMELINE")

Responsible to the FAQ for detailed real-time flight
planning and the preparation of flight plan updates.
Also responsible for monitoring crew activities.

Flight Plan Support ("FLASP")

Responsible to the FAO for recording DTO status, up-
keep of the ASP data base, and coordinating with the
long range flight planning team.

Experiment Procedures ("EXPRO")
Responsible to the FAO for monitoring experiment crew
procedures other than ATM and coordinating any changes

to these procedures.

OWS Procedures Support ("WORKSHOP")
Responsible to the FAO for monitoring OWS crew proced-
ures and coordinating all changes to the procedures.

ATM Procedures Support ("SOLPRO")
Responsible to the FAO for ATM crew procedurés.

Flight Data File Support ("CHECKLIST")
Responsible to the FAO for maintaining, updating, and
validating the Flight Data Files.

B. Booster/ATM Experiments SSR

1.

Cluster Activation Systems Specialist ("CAS")
Responsible for providing in-depth evaluation of the
SWS deployment and activation systems functionally
sequenced by the IU (SL-1, only).

Propulsion and Stage Systems Specialist ("PSS")

Responsible for providing in-depth evaluation of the
S-1VB engine, hydraulic, propellant, and APS systems
(SL-2/3/4, only).
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Sequencing and Command Systems Specialist ("SCS")

Responsible for providing in-depth evaluation of the
Taunch vehicle sequencing and command systems and of
the AM command system.

Electrical, Environmental Control, and Instrumentation
Systems Specialist ("EECIS")
Responsible for providing in-depth evaluation of the

Taunch vehicle electrical, instrumentation, and en-
vironmental control systems, and the SWS electrical
and instrumentation systems.

Guidance, Navigation, and Control Systems Specialist

("GNCS")

Responsible for providing in-depth evaluation of the
Taunch vehicle guidance, navigation, and control

systems.

ATM Data Engineer ("ATM DATA")
Responsible to the ATM Experiments Officer for the
spectrometers, ATM thermal and TV systems, transmitting

ATM commands, and radiation support.

H-Alpha/Coronagraph/Scanning Spectrometer ("COR SPEC")
Responsible to the ATM Experiments Officer for detailed
monitoring and troubleshooting of S054 and S056 and for
assuring scientific data validity.

X-Ray Systems ("X-RAY")

Responsible to the ATM Experiments Officer for detailed
monitoring and troubleshooting of S052, S055, H-Alpha 1
and H-Alpha 2 and for assuring scientific data validity.

XUV Spectrometer ("SPECS")

Responsible to the ATM Experiments Officer for detailed
monitoring and troubleshooting of S082A, S082B, and
5020 and for assuring scientific data validity.
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ATM Science Room

The ATM Science Room is a room for the ATM Principal
Investigators (PI's) and the NOAA Representative to
monitor the mission activities and make inputs (see
Paragraph 5.3.2). The room will operate in the same
manner as the Apollo Lunar Surface Science Room with

a flight controller in charge who interfaces with the
BSE/ATM experiment (EXP) SSR and the ATM Experiments
Officer. This flight controller position is called ATM
Planning Support ("ATM PLANS") and will be responsible
to the ATM Experiments Officer for interface with the
ATM PI's, and the National Oceanic and Atmospheric
Administration (NOAA) for ATM operations. He will

also be responsible for coordinating with the FAO

and providing assistance to the PI's on the development
of the detailed ATM flight plan.

SWS/CSM Vehicle Systems SSR

1. SWS Attitude and Pointing Control Systems Engineer

("APS™")

Responsible to GNS for monitoring detailed status and

trends and for providing malfunction analysis for the
ATM attitude control system and the OWS TACS system.

2. SWS Control Moment Gyro Systems Engineer ("H-BAR")

Responsible to GNS for monitoring detailed status and
trends and for providing malfunction analysis for the
ATM control moment gyro system.

3. ATM Power and Instrumentation Systems Engineer
("ATM POWER")
Responsible to EGIL for monitoring detailed status

and trends and for providing malfunction analysis for
the ATM electrical and instrumentation systems.
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Airlock Module Power and Instrumentation Systems
Engineer ("AIRLOCK POWER")
Responsible to EGIL for monitoring detailed status

and trends and for providing malfunction analysis for
the MDA/AM/OWS electrical and instrumentation systems.
This will also include the related CSM systems when
the CSM EPS position is not manned.

SWS Life Support and Thermal Systems Engineer ("LST")
Responsible to EGIL for monitoring detailed status
and trends and for proViding malfunction analysis for
the MDA/AM/OWS environmental control system. This
will also include the related CSM systems when the

CSM ECS position is not manned.

CSM Propulsion Systems ("PROP")

Responsible to GNS or GNC for monitoring detailed
status and trends gnd for providing malfunction anal-
ysis for the CSM propulsion systéms. V

CSM Guidance and Navigation Systems ("G&N")
Responsible to GNS or GNC for monitoring detailed
status and trends and for providing malfunction anal-
ysis for the CSM G&N SCS systems.

CSM Electrical Power and Instrumentation Systems
Engineer ("EPS") ;

Responsible to EGIL or EECOM for monitoring detailed
status and trends and for providing malfunction anal-

ysis for the CSM electrical, sequential, and instru-
mentation systems.

CSM Environmental Control Systems ("ECS")
Responsible to EGIL or EECOM for monitoring detailed
status and trends and for providing malfunction anal-

ysis for the CSM environmental control system.

4-16




SKYLAB BOP
BASIC

Aeromedical/Medical Experiments SSR

This SSR will be supported by MROD and FCD personnel. Nor-
mally the MROD personnel will have one leader in the MOCR
and the rest will be "on call." These positions and their
functions are listed below. !

1. Medical Officer for Crew Health - L
Responsible to the Medical Team Leader in the MOCR
for detailed analysis and evaluation of all activities

concerned with crew health. He prepares a daily re-
port on crew health for the Medical Team Conference
(see Paragraph 5.3.4.2). ’

2. Medical Officer for Experiments

This physician is responsible to the Medical Team
Leader for the evaluation of the $¢ientif1c yield

from the medical experiments. He provides the inter-
face with the PI/Principal Coordination Scientist (PCS)
and Biomedical Engineering Support.

3. Medical Officer for Systems

This MROD physician is responsible to the Medical Team
Leader for the medical aspects of the Skylab systems
operation. - He prepares environmental summaries to sup-
port the experiments and prepares a report for the
daily Medical Team Conference. | |

4. Medical Data Engineer ("MED DATA")
This is an FCD position responsible to the Medical Team

Leader for obtaining processed data for medical analysis.
He is also responsible to the Biomed EQ for systems
analysis, data, routing status, and data evaluation/
validity. He prepares hardware summaries for the FD to
support the experiments.
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Medical Systems Engineer ("MED SYSTEMS")
This is an FCD position responsible to the Medical
Data Engineer for analyzing biomedical data to determine

hardware anomalies. He assists in all functions per-
formed by the Medical Data Engineer.

EREP Experiments SSR

1

EREP Planning Operations Engineer ("PLAN-0OPS")
Responsible to the EREP Officer for performing all
tasks associated with EREP pass planning.

EREP Data Engineer ("EREP DATA")
Responsible to the EREP Officer for data operations,
evaluation and status.

EREP Truth Data Acquisition Operations Engineer

("TRU-0PS")

Responsible for interfacing with those elements external

to flight control which are required to support each
data take. These include those elements which acquire
the sea, land, or atmosphere based data for correlation
with the'Skylab EREP data.

EREP Optical Systems Engineer ("OPTICS")

Responsible to the EREP Officer for the systems opera-
tion and monitoring of S190A, S190B, S191, the View-
finder Tracking System (VTS), and S192 experiments.

EREP RF Systems Engineer ("RF")

Responsible to the EREP Officer for the systems opera-
tion and monitoring of the S193 and S194 experiments,
the EREP control and display panel, and the tape
recorder.
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G. EREP Science Room
An EREP Science Room will be available for EREP operations

support. Unlike the ATM and Corollary Science Rooms, which

‘ are basically rooms for the PI's, the EREP Science Room
will be a room for a multidiscipline support team for the
EREP operation. The location, size, room equipment, and
data facility for the EREP Science Room have not yet been
determined.

H. Corollary Experiments SSR

1. Corollary Experiments Systems Engineer ("EXPERIMENT
SYSTEMS")
Responsible to the EO for corollary experiment systems

analysis and status, scientific objective assessment,
and priority change recommendations.

' 2. Corollary Experiments Data Engineer ("EXPERIMENT DATA")
Responsible to the EO for corollary experiment sched-
uling, coordinating data requirements, record keeping,
and performing contamination assessment.

I. Corollary Science Room

Similar to the ATM Science Room, the Corollary Science
Room is a room for the Corollary PI's. The flight con-
troller in charge is called the Corollary PI Coordinator.
He will be responsible to the EO for providing the PI/
flight controller interface. Except during high activity
periods, this function will be performed by the Corollary
Experiment Systems Engineer or the Corollary Experiments
‘ Data Engineer.

4.2.2.3 Recovery Operations Control Room (ROCR).- The ROCR will be

manned around the clock during the manned portion of the mission
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in support of the recovery operations discussed in Paragraph
4.3.4. ROCR positions and functions are defined below.

A. Recovery Officer ("RECOVERY")
The Recovery Officer is a NASA representative responsible
to the FD for providing the NASA/DOD interface required
for any DOD mission support. He is responsible for direct-

ing the overall activities of all personnel in the ROCR

and the activities of NASA personnel deployed to Recovery
Control Centers (RCC's), ships, and Air Rescue and Recovery
Squadron (ARRS) bases.

B. Recovery Evaluator ("RECOVERY")
The Recovery Evaluator is a NASA representative responsible

for making all the evaluations necessary in selecting the
most desirable target points for any situation. He is also
responsible for determining the actual splash point for any

landing. Also, during peak periods of ROCR activity (Tlaunch
and recovery), he is to help the Recovery Officer in his
duties. And during certain periods he will perform the
duties of the "Recovery Display" and "Recovery Data"
officers.

C. Recovery Display ("RECOVERY")
Recovery Display is a NASA representative responsible for

controlling all ROCR group display equipment and for re-
cording all pertinent information concerning crew and

DOD related mission activities and displaying this infor-
mation on these group displays. He is also responsible
for communicating with deployed NASA representatives.

D. Recovery Data ("RECOVERY")
Recovery Data is a NASA representative responsible for
using the ROCR MOPS, Control Data Corporation (CDC) terminals,
and the mission operations computer (MOC) system to
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obtain any required data. Additionally, he is responsible
for directing any activities necessary in obtaining data
from any offline source.

DOD Manager ("DOD MANAGER")

The DOD Manager for Manned Spaceflight Support is the DOD
point of contact for DOD/NASA related activities. He is
responsible for directing the activities of all DOD ele-

ments supporting NASA activities.

DOD Executive Offjcer ("DOD")
The DOD Manned Space Flight Support Office (DDMS) repre-
sentative is responsible to the DOD Manager for directing

the activities of DOD personnel and forces assigned to
NASA's efforts.

DOD ARIA Coordinator ("DOD ARIA")
A DDMS representative responsible for keeping Apollo range

instrumentation aircraft (ARIA) personnel advised of mission
activities, and for keeping the DOD Executive Officer advised
of ARIA activities.

DOD Coordinator ("COORDINATOR")
A DDMS representative responsible for helping and backing

up the DOD Primary Ops and DOD Recorder.

DOD PRIMARY OPS ("PRIME OPS")
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