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INTRODUCTION

Fewer than 20 lunar EVAs were performed
during the entire Apollo Program. Providing
the capability for humans to work productively
and safely while performing an EVA involves
many

important, medically related considerations.
Maintaining sufficient total pressure and
oxygen, other survival enmity is vital not only
to human health, but also to survival.

NASA report identifies and describes the
various risks and associated evidence as
follows:

*Risks to Crew Performance: EVA Suit
Design Parameters

*Risks to Crew Performance, Health, and
Safety: EVA Biomedical Monitoring and
Consumables

MANAGEMENT

*Risks to Crew Health: EVA Suit Design
Parameters

*Risks to Crew Health: Decompression
Sickness
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ABSTRACT
Group program missions to the moon and Mars will include as many as 24 hours of EVA per crew member

per week, which will involve the performance of exploration, science, construction, and maintenance tasks.
The effectiveness and success of these missions is dependent on designing EVA systems and protocols that
maximize human performance and efficiency while minimizing health and safety risks for crew members.It
is very importantl to understand the effects of EVA system design variables such as suit pressure, weight/
mass, joint ranges of motion, and biomedical monitoring on the ability of astronauts to perform safe, efficient,
and effective EVAs. This report describe the problems faced by MDRS health officer during two weeks MDRS
mission.

*Risk to Work Efficiency: EVA Suit Design
Parameters

GROUND-BASED EVIDENCE

Physiologists and physicians are using
various analog environments to study the
effects of suit weight, mass, CG, pressure,
biomechanics, and mobility on human
performance. Test activities are designed to
characterize performance during ambulation
and exploration-type tasks such as ambulation
on both level and inclined surfaces,
ambulation while carrying a load, rock
collecting, shoveling, and kneeling. Other
studies examine recovering from a fall and
simple exploration and construction tasks
using hand tools and power tools. Data
collected include metabolic rates, subject
anthropometrics, time series motion capture,
ground reaction forces (GRFs), subjective
ratings of perceived exertion (RPEs) (1), and
operator compensation using a relative
subjective scale. The operator compensation
scale, the gravity compensation and
performance scale (GCPS), is modeled after the
Cooper-Harper rating scale (2) and is
described.

It has been suggested that EVA performance
on the lunar surface may not provide sufficient
loading to protect against bone loss, thus
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indicating the continued need for exercise
countermeasures (3). Recognizing that not all
ambulation on the moon will be similar to that
on a level treadmill, EPSP personnel have
initiated studies to characterize the effects of
incline and terrain on metabolic rate. Inclined
walking trials have shown that the metabolic
cost of the suit that is due to factors other than
suit weight goes to almost zero, indicating an
energy recovery component of the suit that is
currently not well understood (4). The studies
assessed crew performance of representative
planetary exploration tasks using a single EVA
suit weight with six different CG locations. A
reconfigurable backpack that has
repositionable weight modules was used to
simulate perfect, low, forward, high, aft, and
NASA baseline CG locations under the
assumption of a 60-lb. suit, a 135-lb. Portable
Life Support System (PLSS), and a reference
6-ft, 180-lb subject. Subjects used the GCPS
rating tool to evaluate the CG locations.

Thermal homeostasis of the crew member
is crucial for safe and effective EVA
performance. Heat storage above 480 Btu/hr
leads to performance decrements, such as a
loss of tracking skills and increased errors in
judgment, and tissue damage begins at 800
Btu heat storage (1-3). The observations from
the Gemini experience led to the development
of a liquid cooling system that could
accommodate high heat production in the suit
from high EVA workloads. This liquid cooling
garment (LCG) consists of a system of plastic
cooling tubes that run along the inside of an
undergarment that is worn inside the suit. The
temperature of the coolant (water) running
through the tubes regulates the amount of heat
that is removed from the surface of the skin.
The Apollo LCG had three temperature
settings: minimum (69.8°F/21°C),
intermediate (59°F/15°C), and maximum
(44.6°F/7°C) (4). Astronaut energy
expenditure rates during Apollo lunar surface
EVAs ranged from 780 to 1,200 Btu/hr, as
determined by three independent methods (5).
The lowest metabolic rates occurred while the
astronauts drove and rode in the lunar rover
vehicle, while the highest metabolic rates were
observed during egress/ingress through the
tight-fitting hatch of the lunar module,

offloading and setup of equipment, drilling,
and stowage of lunar samples. It is estimated
that 60% to 80% of the heat that was generated
with these workloads was dissipated through
the LCG. The minimum and intermediate LCG
settings were most commonly used; however,
the maximum setting was frequently used
during the high workload periods that were
experienced during Apollo 15 and Apollo 17
EVAs .

NUTRITION, HYDRATION, AND
WASTE MANAGEMENT

The longer and work-intensive EVAs that
are planned for future Exploration missions
will also need to account for astronaut
nutrition, hydration, and waste management.
Specifically, dehydration is an issue that can
lead to poor crew performance.

BIOMEDICAL MONITORING

Flight surgeons and biomedical engineers
(BMEs) in the Mission Control Center monitor
astronaut physical parameters during EVAs
to assess workload and performance. Real-
time medical monitoring can provide
emergency medical assistance in response to
off-nominal situations. However,
bioinstrumentation systems that were used in
the Apollo Program and are being used in the
Space Shuttle Program have been problematic.

RISK IN CONTEXT OF EXPLORATION
MISSION OPERATIONAL SCENARIOS

IN MDRS

 Current plans call for each crew member
to perform up to 24 hours of EVA per week It
is evident ce section of this chapter, the risks
that are associated with any inadequacies that
exist in current EVA suit designs - particularly
with respect to suit-induced trauma - will be
greatly amplified by such frequent EVAs.

Current CxAT-Lunar mission architectures
include small pressurized rovers (SPRs) as a
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core element of the surface mobility system.
The implications of SPRs on crew health,
safety, productivity, and efficiency are
potentially enormous. The availability of a
pressurized safe-haven within 20 minutes at
all times to provide DCS. Human Health and
Performance Risks of Space Exploration
Missions Chapter 14. Risk of Compromised
EVA Performance and Crew Health. Due to
Inadequate EVA Suit Systems 353 treatment,
SPE protection, and on-site treatment of or
medication for an injured crew member would
significantly reduce many of the risks
associated with planetary exploration.
Furthermore, because crew members would
be inside the SPRs during most surface
translations, the overall number of in-suit EVA
hours to achieve the same (or greater) science/
exploration return would be reduced. The
possibility of performing single-person EVAs
with a second crew member inside the SPR
would further reduce total EVA hours during
the lunar architecture to the same order of
magnitude as during ISS construction. As a
result, the number of cycles on the EVA suits
would be decreased, thereby increasing the life
of each EVA suit and reducing EVA risk for
crew members.

CONCLUSION

The CxP will be more dependent on EVA
excursions away from a pressurized habitat
or vehicle than any program in the history of
NASA. EVAs will be required to conduct
planned scientific expeditions, assemble
structures, perform nominal maintenance, and
intervene and solve problems outside of the
vehicle that cannot be solved either robotically
or remotely. The ultimate success of future
Exploration missions is dependent on the ability
to perform EVA tasks efficiently and safely in
these challenging environments.

With lunar missions planned for up to 30
times more EVA hours than during the Apollo
era, exploration missions to the moon and
Mars will present many new challenges with
regard to crew health, safety, and
performance. To date, our understanding of
human health and performance parameters

in partial-gravity environments is limited to
observations of, and lessons learned from,
Apollo-era astronauts who performed EV.

As on the lunar surface. Since the Apollo
Program, and using lessons learned from
microgravity EVAs aboard the space shuttle
and ISS, new prototype suits have been in
development for future space exploration
activities. However, to date there has been
limited quantification of the physiological and
biomechanical variables associated with suited
activities in unit and partial gravity. The
integrated human testing program that is
under way at NASA will help to better
characterize the impacts to crew health and
performance of the various parameters that
are involved in EVA suit design.

Collaborative work is also under way to
enable the development of suit technologies
that enhance crew comfort and efficiency;
provide for optimal nutrition, hydration, and
waste management; and reduce suit-induced
trauma and fatigue. These efforts will provide
objective data to enable informed
requirements and the design of Constellati on
suit systems that will provide sufficient
protection and life support for nominal zero-
G and surface activities, as well as survival
for contingency operations.
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APPENDIX A: GRAVITY
COMPENSATION AND PERFORMANCE

SCALE 24

The Cooper-Harper scale, which has been
in wide use since the late 1960s, permits
quantification of pilot perceptions of aircraft
handling characteristics. Most of the
participants in EPSP studies are astronauts,
many of whom are pilots and familiar with
the use of this scale; however, the scale itself
assumes a certain level of consistency in both
pilot skills and specifications of the desired
aircraft performance. In the development of
next-generation EVA suits for Exploration
missions, NASA requires controlled
evaluations of varied suit concepts across an
ambitious range of activities. These evaluations
must be performed by astronauts or test
subjects whose skills are limited to microgravity
and/or simulated partial-gravity
environments - far from equivalent to the
skilled pilot population for whom the Cooper-
Harper scale was originally designed.

EVA suit development for lunar and martian
surface operations will require a wide range
of evaluationsencompassing tasks as varied as
habitat building, traversing rocky terrain, core
sampling, shoveling, and, potentially, rescuing
an incapacitated crew member. In addition,
suit concepts vary widely in mass, weight, CG,
and pressure, and each must be evaluated
across this range of tasks. NASA does not
currently have rigorous performance measures
for such tasks, and the EPSP Project personnel
have begun the process of characterizing

human-suit system performance under a
variety of conditions and suit concepts using
available analog facilities.

Due to the many limitations of using the
Cooper-Harper scale under these
circumstances, scientists in the EPSP Project
adapted the Cooper-Harper scale to reflect
handling/controllability characteristics of task
performance in reduced-gravity environments
when compared relative to one's own shirt-
sleeved performance of the same task in 1g.
This modified scale, the GCPS, is shown on
the following page. Using this scale, a rating
of 2 during a suited experimental trial is
perceived by the subject to be equivalent to
his/her unsuited performance of the same task
in 1g, thereby providing a quantitative rating
of desired task performance in the suit.

As an example, a subject who is performing
a shoveling task while wearing a suit that has
a high-and-aft CG may rate the task
performance as a 5 because the selected CG
setting requires considerable effort/
compensation compared to performing the
same task unsuited with nominal CG. This new
tool is useful for comparing multiple subjects'
ratings of operator compensation that is
required to perform a variety of simulated
surface exploration tasks across a wide range
of suit concepts, configurations, and gravity
levels. 24 Modified from the Cooper-Harper
scale.

Chapter 14 Human Health and
Performance Risks of Space Exploration
Missions 358 Risk of Compromised EVA
Performance and Crew Health due to
Inadequate EVA Suit Systems.

GRAVITY COMPENSATION AND
PERFORMANCE SCALE (GCPS)

CONTROL
Risk of Operational Impact of Prolonged Daily

Required Exercise 359.

CHAPTER 15
135. Risk of Operational Impact of Prolonged
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