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FOREWORD

This final technical report summarizes work accomplished in
an eight-month study to define the unique requirements
necessary to support and accomplish extravehicular activity

at Geosynchronous Earth Orbit.

The study was carried out under the technical direction of
Terry O. Tri and Susan Schentrup of Lyndon B. Johnson Space
Center, by Nicholas Shields, Jr. of Essex Corporation,
Arthur E. Schulze and Stephen Altobelli of Lovelace Medical
Foundation, and Gerald P. Carr and William Pogue of CAMUS,
Incorporated.

The technical contributors and study participants were:

Stephen A. Altobelli, Ph.D.
Daniel S. Berliner, M.D.
Gerald P. Carr

John W. Haslam, Jr.
Lawrence J. Jenkins
Carolyn E. Johnson, Ph.D.
John R. Letaw, Ph.D.
Ronald D. Ley, Ph.D.

Jack A. Loeppky, Ph.D.
Valerie S. Neal, Ph.D.
William Pogue

Harrison H. Schmitt, Ph.D.
Arthur E. Schulze
Nicholas Shields, Jr.
Margaret Shirley

H. James Wood

Stephen C. Wood, Ph.D.



CONTRACT OVERVIEW

The basic contract to define the system requirements to
support Advanced Extravehicular Activity has three phases,

each covering eight months as follows:

The three

Phase I - EVA in Géosynchronous Earth Orbit
(May 1987 - January 1988)
Phase II - EVA in Lunar Base Operations

(January 1988 - September 1988)
Phase III - EVA in Manned Mars Surface Exploration
(September 1988 - May 1989)

key areas to be addressed in each phase are:

Environmental /Biomedical Requirements -~ Lovelace
Medical Foundation

Crew and Mission Requirements - CAMUS,
Incorporated

Man/Machine Interface and Hardware Requirements -

Essex Corporation

The structure of the technical tasks closely follows the
structure of the Advanced EVA studies for Space Station
completed in 1986.
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APPROACH TO DERIVING REQUIREMENTS TO SUPPORT EVA AT GEO

Search of current literature which defines the GEO
environment, the role of humans at GEO, and the support

systems required to perform operations at GEO.
Interviews with, and questionnaires from, NASA and
industry technical experts involved in advanced mission

planning and advanced EVA requirements analyses.

Review of past EVA missions, interviews with crew-

members, and review of proposed EVA missions.

Review and incorporation of current man-systems

standards and EVA design guidelines.

Review of video and film records of EVA missions and

EVA training sessions.

Review of EVA equipment and tool catalogues.

Concept formulation of equipment and approaches to
support EVA-related activities at GEO.
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ACRONYMS AND ABBREVIATIONS

ACRONYM/ABBREVIATION DEFINITION

+ Gx Forward acceleration

+ Gy Right yaw acceleration

+ Gz Upward acceleration

+ Rx Left roll velocity

+ Ry Forward pitch down velocity

+ Rz Right yaw velocity

- Gx Backward acceleration

- Gy Left yaw acceleration

- Gz Downward acceleration

- Rx Right roll velocity

- Ry Backward pitch up velocity

- Rz Left yaw velocity

1/3 OB One-third octave band

ACGIH American Conference of Governmental Industrial
Hygienists

ADS Altitude decompression sickness

ADVEVA Advanced extravehicular activity

AGC Automatic gain control

Al Articulation index

ATAA American Institute of Aeronautics and Astronautics

Al Aluminum

AL(Event) Anomalistically large event

ALARA As low as reasonably achievable

ANSI American National Standards Institute

Ar Argon

A/R Automation/robotics

ARAMIS Automation, Robotics and Machine Intelligence
System

ASHRAE American Society of Heating, Refrigeration and Air

Conditioning Engineers
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ACRONYM/ABBREVIATION DEFINITION

ASME American Society of Mechanical Engineers
ATA Atmospheres, absolute

ATM Apollo Telescope Mount

ax X-axis acceleration

ay y-axis acceleration

az z-axis acceleration

BFO Blood forming organs

BHS Body heat storage

BIB Built-in breathing

BITE Built-in test equipment

BTPS Body temperature and pressure saturated with water
Btu British thermal unit

C Celsius

cal Calorie

cc Cubic centimeters

CCTV Closed circuit television

CDh Compact disk

CERV Crew emergency rescue vehicle

CFU Colony forming units

cm Centimeter, (also) Center of mass
CNS Central nervous system

CO2 Carbon dioxide

Com, Comm Commications

CRS Cosmic ray source

CRT Cathode ray tube

CUM Cumulative

CWs Caution and warning system

D Absorbed dose

DACT Disposable absorbent containment trunk
dB Decibels

DB Dry bulb temperature

DCS Decompression sickness



ACRONYM/ABBREVIATION DEFINITION
DE Dose equivalent
DEMUX Demultiplexer
DIA, dia Diameter
DIPS Dynamic isotope power system
DOD Department of Defense
DOF Degrees of freedom
e Electron
E Energy
ECG Electrocardiogram
ECLSS Environmental control and life support system
ED10 10% of population showing physiological response
to ionizing radiation
EDK Electric dynamic katathermometer
EEG Electroencephalograph
EEU Extravehicular Excursion Unit
EIRP Effective incident radiated power
EITP Extravehicular inflight training package
EKG Electrocardiogram
EL Exposure limits
ELF Extremely low frequency
EM Electromagnetic
EMI Electromagnetic interference
EOMV Enhanced orbital maneuvering vehicle
EMU Extravehicular mobility unit
E/R Extender/retractor
ESSA Environmental Sciences Services Administration
ET Effective temperature
eV Electron volts
EV Extravehicular
EVA Extravehicular activity
F Fahrenheit
FDA Food and Drug Administration
vi



ACRONYM/ABBREVIATION DEFINITION

FDP Fatigue decreased proficiency, (also) Flight
Planning Document

Fe Iron

FMEA Failure modes and effects analysis

FSS Flight support system

FSw Feet of seawater (33 FSW = 1 Atmosphere)

Ft Feet

G Gravitational acceleration

GC/MS Gas chromatograph/mass spectrometer

GCR Galactic cosmic radiation

GEO Geosynchronous Earth orbit

GeV Giga electron volt (billionmn)

GFK Generic fabrication kit

GIAG Government Industry Advisory Group

GT Global temperature

g gravity

gx Vibrational acceleration in the direction of the
x-axis

gy Vibrational acceleration in the direction of the
y-axis

Gy Gray (radiation dosage unit of measure)

gz Vibrational acceleration in the direction of the
z-axis

H Hydrogen

He Helium

Hg Mercury

HMD Helmet-mounted display

HPA Holding and positioning aid

hr Hour

HUD Heads-up display

HUT Hard upper torso

Hx Diatomic hydrogen

vii
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ACRONYM/ABBREVIATION DEFINITION

Hz Hertz (cycles per second)

HZE Ultra heavy nuclear particles

Icl Insulation value of clothing

IDB In-suit drink bag

IEEE International Electronics and Electrical Engineers

in Inch

INIRC International Non-ionizing Radiation Committee

IR Infrared, (also) Ionizing radiation

IRPA International Radiation Protection Association

ISO International Standards Organization

ISSS International Symbol/Signal System

Iv Intravenous

IVA Intravehicular Activity

JSC Johnson Space Center

K Kelvin

KA(Band) 26.5 to 40.0 Gigahertz (one billion Hertz)

KB Kilobit

kbps Kilobits per second

kcal Kilocalories (1000 calories)

KeV kilo electron volt (thousand)

kg Kilogram

km Kilometer

Kmh kilometer per hour

kPa Kilo pascal

Kr Krypton

KU(Band) 12.4 to 18.0 Gigahertz

kw Kilowatts

KSC Kennedy Space Center

Laser ~Light amplification by stimulated emission of
radiation

Lb Pound

LBNP Lower body negative pressure
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ACRONYM/ABBREVIATION DEFINITION

LCG Liquid Cooled Garment

LCVG Liquid cooling ventilation garment

LD50 Lethal dose of ionizing radiation for 50% of the
population

LED Light emitting diode

LEO Low Earth orbit

Leg* Equivalent continuous noise level (4db exchange
rate)

LET Lineaf energy transfer

LiOH Lithium hydroxide

LOS Line of sight

LP Load package

LTA Lower torso assembly

m Meter

Maser Microwave amplification by stimulated emission of
radiation '

Max Maximum

mb Millibar

MDAC McDonnell Douglas Astronautics Company

MeV Mega electron volts

MFR Manipulator foot restraint

mg Milligram

Mi Mile

MIL Military

Min Minimum, (also) Minute

MISTC Man inside the can - used for GEO EVA enclosure

MHz Mega hertz

MLI Multilayer insulation

mm Millimeter

mmHg Millimeters of mercury - used to indicate pressure
level

MOTV Manned orbital transfer vehicle

ix



€

ACRONYM/ABBREVIATION DEFINITION

MPAC Multipurpose applications computer
mph Miles per hour

MSC Manned Space Center (JSC)

MSFC Marshall Space Flight Center

MSIS Man-Systems Integration Standard
MTBF Mean time between failure

MU Millimicron

MUX Multiplexer

mw Milliwatts

MW Microwaves

N2 Nitrogen

NASA National Aeronautics and Space Administration
NAV Navigation

Nc Convective heat transfer coefficient

NC(Curve) Noise criteria curve

NCRP National Council on Radiation Protection and
Measurements

Ne Neon

NIOSH National Institute for Occupational Safety and
Health

NIR Non-ionizing radiation

nm Nanometer (10-9 meters); (also) nautical miles

NOAA National Oceanic and Atmospheric Administration

NORAD North American Air Defense

NTU Nephlometric turbidity units

02 Diatomic oxygen

o) Oxygen

OASPL Overall sound pressure level

OB Octave band

OBS Operational bioinstrumentation system

OMV ) Orbital Maneuvering Vehicle

OR(Event) Ordinary proton event



ACRONYM /ABBREVIATION DEFINITION

ORU Orbital replacement unit .

OSHA Occupational Safety and Health Administration

oTC Over the counter

oTvV Orbital transfer vehicle

oz Ounces

b Proton

PA Partial atmosphere

P4SR Predicted 4-hour sweat rate

PCM Pulse Code Modulation

PEO Polar Earth orbit

PFR Portable foot restraint

pH Measure of acidity

PLSS Primary life support system, (also) Portable life
support system

PNL Panel

psi Pound per square inch - static pressure

PSIA Pounds per square inch - absolute pressure

PSIL Preferred speech interference level

Pt/Co Platinum/cobalt color measurement

PTS Permanent threshold shift

PTZ Pan, tilt, zoom

Q Quality factor

gs Body heat storage index

T radius

Ra Radium

RAB Rigidizing attachment boom

rads Radiation dose absorbed by tissue

RBE Relative biological effectiveness

Rel Total heat transfer resistance

RDA Recommended dietary allowance

R Earth radii

e
REM, rem Roentgen equivalent man

xi



ACRONYM/ABBREVIATION DEFINITION

RF Radio frequency

RFI Radio frequency interference

RFPG Radio frequency protection guide
rms Root-mean-square

RMS Remote manipulator system

RTG Radioisotope thermoelectric generator
s Second

SAA South Atlantic anomaly

SAE Society of Automotive Engineers
SAFE Solar Array Flight Experiment

SAT Satellite

SAR Scientific absorption rate

SCR Solar cosmic radiation

SDMS Standards Database Management System
sec Second

SEP Solar energetic particles

SIL Speech interference level

SMF Space medical facility

SPE Solar particle event

SPF Specific pathogen free

SPL Sound pressure level

sq Square

Sr Strontium

SS Space Station

SSA Space suit assembly

Stbd Starboard

STD Standard

STL Suppressor T lymphocyte

STP Standard temperature and pressure
STS Space transportation system

Sv Sievert (radiation dose unit of measure)

SYS, Sys System

xii



ACRONYM/ABBREVIATION DEFINITION

tb Weighted mean body temperature

TBD To be determined

TBT Total body temperature

te Core temperature

TDRSS Tracking and Data Relay Satellite System

THURIS The Human Role in Space

TLV Threshold limit values

™ Telemetry

TMG Thermal micrometeoroid garment

Tmrt Mean radiant temperature

TOC Total organic carbon

TON Threshold odor number

torr A unit of pressure equal to 1.316 x 10”3
atmosphere (Torricelli)

TPAD Trunnion pin attachment device

Tr Skin temperature

TTN Threshold taste number

TTS Temporary threshold shift (hearing)

TTS2 Temporary threshold shift measured 2 minutes after
exposure

TV Television

U, u Micron

ucCb Urine collection device

USRA Universities Space Research Association

uv Ultraviolet

UVR Ultraviolet radiation

VCR Video cassette recorder

vDT Visual display terminal

VOX Voice-operated transmission

w West

WASK Work area safing kit

WB Wet bulb temperature

xiii



ACRONYM/ABBREVIATION DEFINITION
WBGT Wet bulb globe temperature
WD Wet/dry index
WFI Water for injection
W/S, W-S Workstation
Xe Xenon
Z Ultra heavy nuclei
Xiv
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1.0 INTRODUCTION TO EVA IN GEO - AN ENVIRONMENTAL
DESCRIPTION

The environmental variables at GEO are often influenced by

‘periodic changes in solar activity, meteor streams and

operational position within the GEO corridor. The following
description is for mean values of parameters unless
otherwise noted (Brown, 1973; Ford, 1986; Hord, 1985;
Lockheed, 1986; McCormack, 1987; Letaw, 1986; Chobotov,
1983; Stassinopoulos, 1980; Vernov, 1975; and Smith, 1983).

Distance from the Earth's Center:

42,400 km

26,347 statute mi
22,280 nautical mi
6.6 Re (Earth radii)

0O 0O O O

Distance above the Earth's Equator:

o 35,900 km
22,308 statute mi
o 19,393 nautical mi

Circumference of Orbit:

o 266,400 km
165,543 statute mi
o 193,759 nautical mi

Orbital Velocity of Geostationary Objects:
o 11,024 kmh

6,850 mph
o 5,949 knots



Earth Characteristics from GEO:

o Global Albedo: .39
o Earth Incident Radiation Heating: 4.73 watt/M/hr
(1.5 Btu/ft2/hr)
o Albedo Heating: O to 8.5 watt/M2/hr
(0 to 2.7 Btu/ft2/hr)

Solar Constant:

o 1.36 x 106 Erg/cmz/sec
o 1.95 cal/cmz/min

o 430 Btu/ft2/hr

o 1355.6 watt/m>/hr

Potential Exposed Surface Temperatures:

o 116° to 394° K
-157° to 121° C
o -250° to 250° F

Thermal Effects on Materials at GEO/Probable Exposed Surface

Temperatures, Al:

o} 140° to 335° K
o =-133° to 62° C
o -208° to 143° F

Gravity:

o 10_6 g (20 m sphere centered at center of mass)

Gas Pressure:

o 10°1° N/cm2
o 10713 mb



Gas Density:

o 10723 g/cm3

Vacuum:

o 10'12 torr

Kinetic Temperature:

o 2 x 105° K

o Ions: 104° K to 5 x 104° K

o Electrons: 10°° K to 5 x 10°° K
Solar Wind Flux (mean, quiet conditions):

o 108 cm™2 sfl

o 300-400 km/s (mean, quiet conditioms)
1600 km/s (with strong perturbations of the solar
plasma)
Sun Azimuth Angle, O:
o 0 to 360 degrees
Sun Angle:
o +15 to -15 degrees

Earth Eclipse:

o 0 to 72 minutes

l Solar Wind Velocity at GEO:



Defocusing Effect of Earth's Magnetic Influence at GEO:
0o .635 times flux
Space Debris/Probable Artifact Density (Mass Flux):

10~8 debris objects > Smr/km3 at * .2° latitude
o <102 debris objects > 3mr/km3 at + 5° latitude

Radiation Environment:

o Galactic Cosmic Radiation Ranges
85% protons - 90% protons
14% alpha particles - 9% alpha particles
1% heavy ions
Proton Flux at Sunspot Minimum
4.1 protons/sq cm/sec (E >100 MeV)
2.3 protons/sq cm/sec (E >1 GeV)
Proton Flux at Maximum Solar Activity
1.6 protons/sq cm/sec (E >100 MeV)
1.2 protons/sq cm/sec (E>1 GeV)

o Incident Electromagnetic Radiation
-9

Radio <3 x 10" Hz

Microwaves 3 x 109 to 3 x 1011 Hz
Infrared 3 x 1011 to 3.75 x 1014 Hz
Visible 3.75 x 1014 to 7.5 x 1014 Hz
Ultraviolet 7.5 % 1014 to 3 x 1016 Hz
Soft X-Rays 3 x 1016 to 2 x 1017 Hz

Hard X-Rays 2 x 1017 to3 x 1019 Hz

Gamma Rays >3 x 1019 Hz

o Electron Flux
5 x 104 electroﬁs/cmz/sec
(Maximum at 160° W longitude, minimum at 70° W
longitude. Maximum at noon, minimum at
midnight.)



Trapped Electrons (E >2 MeV)
3 x 109 electrons/sq cm near local noon
1 x 109 electrens/sq cm near local midnight
(Varying by several orders of magnitude over
several days)

Trapped Protons (E >1 MeV)
Negligible

Solar Particle Events
Protons and Alpha Particles from KeV to > 100's
MeV

Bremsstrahlung - Energetic electrons that emit
"braking radiation" as they move through matter,
such as shielding material

Free Radicals - Negligible at GEO

Orbit Types:

Geosynchronous - Revolves about the Earth at the
same rate the Earth rotates

Geostationary - Revolves about the Earth over the
same Earth position

Geosynchronous Geostationary - The rate and the
position of the orbit are both matched to an Earth

reference.



2.0 GEO EVA MISSION REQUIREMENTS SURVEY/DEFINITION

From current mission descriptions (Lockheed, 1986, Ford),
there appears to be an underlying assumption that EVA
support will be available at GEO. The most frequently cited
EVAs are servicing, repair, and maintenance of orbital
equipment and satellites. It is generally recognized that
significant changes in the ways in which EVA is conducted
and modifications to EVA support systems will have to be
realized before EVA at GEO becomes a reality. Indeed, the
expense of conducting EVA at GEO - the expense of new
techniques and equipment - is frequently given as a reason
to consider EVA only as a last resort in GEO environment

operations.

The following sections of this technical report describe the
conditions of EVA at GEO, a set of tasks in a probable

mission, and mission constraints.
2.1 Unique GEO EVA Environmental Considerations

The principal environmental consideration that is unique to
conducting EVA at GEO is radiation. Discussed in detail in
Sections 3.2.15 and 4.5, radiation poses the most serious
threat to manned missions into GEO, and the most severe
design constraints on EVA support equipment.

Using the Naval Research Laboratory's galactic cosmic
radiation model, a JSC analysis of the protection afforded
by the current Shuttle EMUs indicates that some radiation
exposure limits are exceeded in a single 8-hour EVA at GEO
(see item number 3, page 15 for the details of this

analysis).

Another characteristic is the absence of the Schumann
resonance electromagnetic field. Since this field is



present at the surface of the Earth and perturbations of
this normal field have been shown to cause changes in
physiological performance, the absence of the Schumann field
in space is hypothesized by some researchers to cause a
change in the nature of neurocelectric information processing
in the brain. This is particularly true of timing phenomena,
and thereby contributes to, complicates, and enhances the
possibility of neurophysiological maladaptation for long-

term, deep space activities.

Humans normally function in a terrestrial electromagnetic
(EM) environment comprised of three components: an
extremely low frequency (ELF) resonant cavity field, an
electrostatic field, and a magnetostatic field. 1In GEO,
personnel will be removed from the Earth-ionosphere resonant
cavity environment (predicted by Schumann in 1952) which is
responsible for the terrestrial electrostatic field and the
ELF frequencies. The existence of this low level, global,
uniform, continuous cavity resonance EM field was
experimentally verified in 1960 (Galejs, Baker and Wagner).
The third field, the magnetostatic field, is negligible
beyond 10 Earth radii.

The third factor to be considered is a function of the
stationary characteristic of the GEO orbit. GEO missions
will be capable of maintaining constant communication with
fixed Earth stations once the MOTV reaches geostationary

position.

The fourth consideration, solar illumination will also be
different from the phases experienced in LEO, with longer
periods of solar illumination available for working. The
additional 1lighting will also influence EVA design
requirements in forms of visor assemblies, portable

lighting, and day and night cycles of work and rest.



to

GEO EVA Task Definition

The NASA Advisory Council's Task Force on the Role of
Man in Geosynchronous Earth Orbit identifies no nominal
GEO/EVA requirements in the near term (1987).

The advanced automata programs being pursued by NASA
are envisioned to be applied eventually to routine GEO
operations such as servicing, resupply, and repair as

an alternative to EVA,

The historical precedents for employing EVA in
recovering from system failure and executing
contingency operations, coupled with the potential for
automated system failure or functional mission
inadequacy, suggest that for critical missions EVA will
be the only available method of mission recovery.

The mission model of EVA at GEO developed for this
study is based on an automated servicing spacecraft
which has become physically entangled with the
satellite it was servicing. The resultant mass, under
limited attitude control, poses a threat to other

satellite traffic in the geosynchronous plane.

The model assumes the development of some major
technology to support both the teleoperated and manned
servicing of GEO missions, namely an automated or
teleoperated servicing spacecraft capable of performing
dexterous manipulation during servicing, and a manned
orbital transfer vehicle (MOTV) capable of GEO
insertion and supporting a crew of three for up to 15
days. A concept sketch for an MOTV is included for
discussion in Figures 2.2-1 and 2.2-2,
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2.3 GEO EVA Mission Scenario Development

The following reference mission description for
extravehicular activity in geosynchronous Earth orbit (GEO)
was developed to support the requirements of the following
sections from the contract statement of work:

3.1.1 - EVA Task Definition

3.1.2 - EVA Mission Scenario Development

3.1.3 - Unique EVA Environmental Considerations
3.2.1 - Mission Operations Requirements

3.2.1.1 - EVA Scenario Definition

Based upon immediate GEO mission requirements and the

ongoing development of teleoperated servicers, there are no
explicit requirements to send EVA crewmembers on a scheduled
basis to the GEO environment. Therefore, the GEO reference
mission is based upon the failure of an automated servicing
mission and the required intervention of human capabilities

on-site to recover from the failure.

Two assumptions of technology development which underlie the
reference mission: first, that the OMV can be equipped with
a teleoperated servicing front end - automated orbital
servicer, smart front end, or flight telerobotic servicer -
for capture and manipulation of orbital articles; and
second, that extra fuel kits will be developed to permit the
OMV to execute GEO missions. These two developments are
under study and could lead to an enhanced OMV, herein called
the Enhanced Orbital Maneuvering Vehicle (EOMV) for the
purposes'of developing this GEO reference mission.

The capability to transfer humans from LEO to other orbits -
specifically GEO - will be developed using a Manned Orbital
Transfer Vehicle (MOTV). The particular design of this

vehicle may be a man-rated OMV kit, a derivation of the crew

11



emergency rescue vehicle (CERV), or some specific vehicle
designed to transfer and support humans in GEO. The crew
support components of the system would have to be
specifically designed to meet all of the requirements of
human operations at GEO regardless of the propulsion
approach developed. For the purpose of the design reference
mission, this vehicle - propulsion and crew accommodations -
will be referred to as the MOTV.

GEO REFERENCE MISSION SCENARIO
Initial GEO Reference Mission

One of the several dozen satellites parked in geosynchronous
Earth orbit has failed in such a way that its attitude and
orbit are threatening other satellites in the GEO plane.
The satellite is drifting, and due either to communication
or controller failures, the space operations group is not
able to correct the situation through ground or Space
Station control commands. Over a period of months the
satellite will become a physical hazard to other satellites
in GEO so the space operations managers elect to mount a
retrieval or repair mission using an EOMV equipped with a
propulsion kit to enable it to go to, and return from, GEO.
The EOMV is also outfitted with multiple manipulators,
video, lighting and other subsystems which will be capable
of supporting teleoperated rendezvous, docking, repair, and
servicing, or retrieval and return to Space Station.

The preparation of the EOMV at Space Station for this
initial mission may well require EVA as described in the
three final reports defining Advanced EVA requirements for
Space Station. Such LEO EVA is not within the mission
description required for this GEO EVA study.

12



The EOMV is deployed from Space Station and its control is
passed off to ground control for its flight to GEO. At GEO,
the EOMV rendezvous and docks with the failed satellite.
The EOMV mission controllers initiate diagnostics on the
satellite systems and conclude that on-orbit repair can be
accomplished through replacement of a single ORU controller
based in the flight control unit. The automatic sequence to
effect this is transmitted- to the EOMV which in turn

commences the removal-replacement task.

During the EOMV tasks, an electrical brake fails on one of
the manipulator arms and efforts to retract the arm from the
satellite are unsuccessful. This failuré results in an
entanglement of the EOMV and the satellite. However,
through use of the EOMV thrusters, the mission controllers
are able to keep the two entangled vehicles stabilized in
GEO.

The risks of returning the EOMV to the Space Station with
its failed satellite are assessed and, due to the risks
associated with deorbit, this option is eliminated.
Mechanical forces on the manipulator arm, open access doors
and the loose equipment would pose too great a physical
hazard to execute a safe return to Station. The EOMV
mission is declared failed and the Mission Director selects
a manned GEO mission using EVA as the best approach to
safely disentangle the two vehicles and repair the failed
satellite and the EOMV manipulator brake. EVA tasks are
planned and the crew undergoes training at Space Station for
the mission. Appropriate simulations are conducted on Earth
to validate the approach and operations. The options that
involve Advanced EVA technologies, such as a new class of
EMU crew enclosure and a hybrid IVA/EVA workstation, are
compared to a more conventional approach in Figure 2.3-1.

13
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GEO EVA Repair and Recovery Mission

Assumptions

The MOTV/EVA mission to GEO is activated. The assumptions
made for this mission are as follows:

1)

2)

3)

MOTV is outfitted with a habitability module with
living and working provisions for a minimum of three

crewmembers.

Mission duration is limited to four days (100 hours)
and provisions are omboard the MOTV to support 15 days
of activity and life support.

EVA is accomplished using enclosures with operating

pressures which are greater than 8 psia and require no
pre-breathing in preparation for EVA. The enclosures
also provide adequate radiation protection for the GEO

environment.

The nominal radiation environment at GEO is more
intense than at LEO and, as a consequence, .additional
provisions to protect the EVA crewmembers must be made.
Protection from nominal radiation can be accomplished
by reducing exposure time, increasing the protective
shielding, or a combination of the two. While the
details of GEO radiation are dealt with in Sections 3.0
and 4.0 of this report, the radiation protection
afforded by current EVA enclosures is briefly discussed

here.

The JSC Radiation Analys;s of Candidate EVA Space Suit
Material Layups Memorandum (May, 1987) provides
millirem dose percentile limits for particular portions
of several space suit assemblies. The computed GEO

15



figures, based on the Naval Research Laboratory's
galactic cosmic radiation model, show that for the
Space Shuttle suit (EMU) and the AX5 SSA, the highest
radiation exposure occurs at the arms and 1eg§.
Indeed, for the current EMU, exposure at GEO to the
arms and legs is approximately 120% of the dose limit
for one 8-hour EVA. The AX5 SSA, without radiation
protection, keeps exposure to about 10% of the
permissable limit for a single 8-hour EVA. On the
other hand, the exposure limits for the torso section
of the Shuttle EMU were just over 9% and for the AX5
SSA, they were .24% for an 8-hour EVA.

Hands in the arms and gloves of an EVA enclosure is an
essential capability of EVA crewmembers. Manipulation,
stabilization, and translation are a few of the
functions effectively performed by using the hands and
arms. Portions of time spent in resting, lengthy
communications, propelled translation, and data
analysis do not require that the hands be used,
however. Greater radiation protection could be
afforded the EVA crewmembers if they were able to
withdraw their arms within the torso area of the EVA
enclosure. Additionally, if both 1legs could be
surrounded by unitary enclosure protection, and the
positioning and stabilizing capability of the feet and
legs replaced with manipulators, even less exposure
would be realized. .

With the ability to withdraw the hands and arms into
the torso area, other benefits, such as ease of eating,
drinking, and personal care, and the ability to operate
secondary controls inside the enclosure, occur. A
concept sketch of an EVA enclosure that provides for
the removal of the hands to the torso section and

16



4)

enclosure of the lower body in a unitary shell is

discussed below.

At least two types of EVA enclosures are envisioned.
The first is an integral part of the MOTV and is
essentially an anthropomorphic suit from the waist ring
up while attached to the MOTV at the waist ring, as
shown in Figure 2.,2-2. The second is a detachable EVA
enclosure which could either be of an anthropomorphic
design or could be a lower body canister and an upper
body anthropomorphic design. The detachable,
deployable EVA enclosures would have integrated
attitude control and translation capabilities. The
"Man-Inside-the-Can" (MISTC) is a strawman concept of
an EVA enclosure and is shown in Figures 2.3-2 and
2.3-3.

17



Figure 2.3-2
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MISTC Strawman Concept
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Figure 2.3-3
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"Man-Inside-the-Can" (MISTC) Strawman Concept
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5)

6)

7)

8)

9)

10)

11)

There will be sufficient room inside both types of EVA
enclosures for a crewmember to rest, eat, drink, handle
body waste management, and extract his or her arms for

operational and personal requirements.

There will be a wide range of vision through the EVA
enclosure canopy or helmet, and provisions for vision
enhancement such as magnifiers, binoculars, and

displays.

The EVA enclosures will have multiple external
manipulation modes including gloved hand and arm, and
mechanical manipulators with a selection of prehensors

and tools.

Sizing and preoperational activities are accomplished
pre-mission, but the EVA enclosure permits quick

servicing or maintenance on site.

The EVA enclosures are capable of supporting a total
of 10 hours of EVA work. This recommendation by the
technical team assumes some capabilities beyond the
Space Station EMU life support system. The 10-hour
support does not include an additional 30-60 minutes of

contingency reserves.

The attachment and berthing mechanisms for the EVA
enclosures permit rapid docking and don/doff
(ingress/egress) in the event of environmental
anomalies such as solar flare or event caution and

warning.

The MOTV provides protection and safehaven in the event
of fast radiation from a solar event, including hard
and soft x-rays, ultraviolet, and gamma radiation

equivalent to 20 g/cm2 Al.

20



12) Hyperbaric capabilities can be provided by a stowable
device(s) on the MOTV.

13) Emergency return to LEO from GEO should be considered
to protect from hazards associated with electron and
proton arrival. Currently this is not feasible during
SPE where the maximum or peak flux arrives at two
hours, so on-orbit protection must be provided by the
MOTV.

The following mission timeline was developed from existing
servicing timelines and anticipated activities associated
with the MOTV and MISTC.

21



Reference Mission Timeline

Time

o Fully equipped MOTV undocks and separates T = 00:00:00

from Space Station

o Phasing maneuvers for GEO transfer burn
and preparation for transfer burn T = 06:00:00

o MOTV at GEO Rendezvous T = 12:00:00

o Crew configures Spacecraft and equipment

for GEO operations. Unstow, prepare,

assemble and check-out T = 15:00:00
o Crew eats and sleeps T = 24:00:00
o Crew eats and prepares for first EVA T = 27:00:00

o Perform first EVA - detailed steps 1-76a

o Eat, clean EVA enclosures T 34:00:00

At the conclusion of the EVA Day 1, EOMV remains at station
keeping 1 Km from MOTV. Satellite remains attached to MOTV
by HPA.

o Sleep, eat T = 46:00:00
o Prepare for second EVA T = 48:00:00
o Perform second EVA - detailed Steps 77-101
o OMV remotely reactivated, commanded to
stand-off and station keep T = 51:00:00
22



GEO/EVA REFERENCE MISSION SCENARIO USING
MODIFICATIONS TO EXISTING SYSTEMS

(Scenario assumes the EVA crew with EEU capabilities, port
and starboard EVA docking ports on the MOTV, and an IVA
commander who controls the MOTV and MOTV manipulators and

holding and positioning aids.)

TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

1. Preparation of EMUs
and Onboard
Equipment 00:45 00:45
o Don EMUs 00:10 00:10
la. System Check-out of 00:30
RMS /HPA-
Uncradle, Deploy 00:15
2. Leave Airlock 00:01 00:01 00:01
3. Translate to Tool '
Storage 00:01 00:01 00:02
4, Obtain Basic Tool
Kits 00:05 00:05 00:07
5. Translate to
EEU/FSS 00:01 00:01 00:08
6. Lock into EEU 00:02 00:02 00:10
7. Translate to
Workstation _
(MFR) 00:01 : 00:11
8. Lock onto EV
Workstation 00:02 ' 00:13
9. Tfanslate to
SAT/EOMV
Vicinity
(.50 M) 00:03 00:03 00:16
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TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

10. Visually Inspect

SAT /EOMV 00:05 00:05 00:21
11. Voice Com Verify

Systems State 00:01 00:22
11a.P/S Standoff (25 m)
12. Maneuver MOTV in

Range 00:05 00:27
13. Grapple EOMV with

MOTV RMS 00:02 00:29
14. Verify Dock '

(SYS/Visual) 00:01 00:30
15. Translate to Work-

site 00:01 00:01 00:31
16. Attach Workstation

to Worksite

(EOMV/SAT/RMS-2) 00:08 00:08 00:39
17. Ingress Workstation 00:01 00:40
18. "S" Crew Station Keep
19. "P" Access MI Cutter 00:01 00:41
20. Cut Access to SAT

PWR PNL 00:04 00:45
21, Secure MLI 00:02 00:47
22, Stow MI Cutter/

Access Screw

Remover Pwr Tool 00:01 00:48
23. Remove and Stow

Screws 1 N=30 00:15 01:03
24. Remove Panel and

Stow 00:04 01:07
25. Visually Inspect

Power Subsystem 00:02 01:09
26. Safe Attitude

Control 00:05 01:14

24



TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

27. SAFE COM/NAV 00:05 01:19
28. SAFE Internal

Power 00:05 01:24
29. Verify All Systems

Safe and Power

Disconnected 00:10 00:10 01:34
30. "P" Voice Command

to Reconfigure 00:01 01:35
30a.RMS at EOMV/

Translate 00:05 00:05 01:40
31. "S" Crew Trans to

EOMV/Station Keep 00:02 01:40
32. "P" Positioned at

EOMV 00:02 00:02 01:42
33. Access Tools 00:01 01:43
34. Unscrew/Open Access

Panel at EOMV 00:03 01:46
35. Inspect Power

Control 00:02 01:48
36. Disconnect Power

Subsystems 00:03 01:51
37. Safe Manipulator

Arms 00:05 01:56
38. Safe Attitude

Control 00:05 02:01
39. Safe Power

Distribution 00:05 02:06
40. Verify All Systems

Safe and Power

Disconnected 00:10 00:10 02:16

25



TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

41. "P" Voice Command

IVA to Move MFR

to SAT/EOMV

Entanglement/

Translate 00:05 02:21
42, "S" Translates to

SAT /EOMV 00:02
43. "S" Establishes

Restrained W/S 00:05
44. "P" Sets Worksite

Lighting
45, "P" Access Tool

Kit/Power Tool 00:03
46. "P" Remove Cover

Panel From

Manipulator

Braking Motors 00:30 02:56
47. "S" Receive/Restrain

Cover Panel and

Power Tool 00:01 02:57
48. "P" Manually

Releases Braking

Motor 00:10 03:07
49, "P" Access Tool

Kit/Extraction

Tool 00:01 03:08

50. "P" Applies

Extraction Tool

to Manipulator 00:05 03:13
51. "P" Unlocks Failed

Manipulator and

Extracts It

from Satellite 00:30 03:43



TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

"p" Accesses Tool

I BN IBE IR I B B B N el =

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kit/Stow Tools 00:02 03:45

"S" Transfers Cover
Panel and Power
Tool to "P"

"P'" Reinstalls
Braking Motor
Cover Panel

"P" Retracts
Manipulator Arm
and Locks in Safe
Position
IVA Deploys HPA
and Grapples
Satellite

"S" Verifies
Grapple (EOMV
Now on RMS, SAT
on HPA)

"P" Manually
Disengages EOMV
Docking Device

"S" Releases
Restrained
Workstation

"S" Translates 5M
Away from
EOMV

"P" Manually
Separates
EOMV /SAT

S/P Observe
Separation

00:30

00:30

00:30

00:10

00:02

27

00:02

00:15

00:01

00:03

00:01

00:02

03:

04:

04:

05

05

05:

05:

05

05:

47

17

47

:02

:03

: 33

36

37

147

49



P

TASK

EVA CREW
Stbd Commander

Port

Iva

CUM TIME
EVA (by day)

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

"S" Translates to
Area of EOMV

IVA Observes HPA
and SAT During
Separation

S/P Visually
Verify Separation
and Report Such
to IVA 4

Translate to EOMV,
Set Up Worksite

"P" at EOMV Power
Reactivate Power
Control Panel,
Distribution and
Attitude Control

"P" Replace Power
Access Panel

at EOMV

"P" Replace Tools/
Stow Tool Kit

"S" Translates to
MOTV EEU

"pP'" Egress
Workstation/
Translate to EEU/
FSS/DOFF EEU

IVA Extends EOMV
with RMS

IVA Verifies System
Check-out of EOMV
(with Ground)

00:

00:
00:

00:

00:

00:

00:

01

05
03

03

03

05

15

00:02

00:01

00:03

00:01

00:10

05:
05:

06

06:

06:

06:

06:

06:

55
58

01

04

09

24

25

35

05:50



TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

74. IVA Releases EOMV
(EOMV Command to
1 km Standoff Via

EOMV Controllers) 00:01 06:36
75. "P" Ingresses Port

Airlock 00:10 06:46
75a."S" Ingresses Stbd

Airlock 00:10
76. "P" DOFFs EMU 00:10 06:56
"76a."S" DOFFs EMU 00:10

77. Preparation of EMU
and Onboard
Equipment 00:45 00:45
o Don EMU 00:10 00:10
78. IVA Prepare/
Checkout Forward

Workstation

Lighting 00:15
79. S/P Leave Airlock 00:01 00:01 00:01
80. Translate Tool

Stores 00:01 00:02
81, Obtain Servicing

Tool Kit 00:10 00:12
82. Translate to EEU/

FSS 00:01 00:13
83. Lock into EEU 00:02 00:15
84. Translate to EVA

Worksites 00:01 00:16
85. IVA Orient Satellite

using HPA 00:10 00:26
86. IVA Deploy RMS with

EVA Workstation 00:20 00:36
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TASK EVA CREW IVA CUM TIME
Port Stbd Commander EVA (by day)

87. Lock into EV

Workstation 00:02 : 00:38
88. IVA Orients EVA

Crewmember

At Satellite 00:05 00:05 00:43

89. "P" Removes Tools

from Servicing

Kit 00:02 00:45
90. "P" Removes Failed

Control System 01:00 01:45
91. Hands Control

System to "S" 00:01 01:46
92, "S" Stows Failed

System 00:02 01:48
93. "S" Removes New

Control System 00:01 01:49
94. "S" Hands Control

System to "P" 00:01 01:50
95. "P" Installs New

Control System 01:30 03:20
96. '"P" Verifies

Installation/

Connection 00:20 03:40
97. "P" Reactivates

Attitude v

Control . 00:03 03:43
98. "