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FOREWORD

‘I'mis 1s the Final Summary Report of the ""Advanced Extravehicular Protective System
(AEPS) Study'. This effort was conducted by Hamilton Standard under contract

NAS 2-6021 for the Ames Research Center of the National Aeronautics & Space
Administration from July 1, 1970 to November 30, 1971. The AEPS Study was di-
rected by Mr. James G. Sutton, and the principal investigators were Messers. Philip
F. Heimlich and Edward H. Tepper.

Special thanks are due to Dr. Alan B. Chambers, Environmental Control Research
Branch, Biotechnology Division of the NASA Ames Research Center, Mr, William L.
Smith, Chief of Crew Equipment Office for Manned Space Flight, Life Sciences Office
of NASA Headquarters, and Mr. Thomas W. Herrala, Space Systeme Department of
Hamilton Standard for their advice and guidance.

This total report is contained in two volumes as listed below:

Volume I Final Summary Report
Volume II Subsystem Studies
iti/iv
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The United States manned space effort planned for the late 1970's and the 1980's
consists of long duration missions with earth~to-orbit shuttles, orbiting space stations,
possibly lunar bases, and eventually Mars landings. Extravehicular activity (EVA)

is likely to take an increasingly important role in the completion of these future mis-
sions., However, with the potential of numerous EVA missions per man per week, the
usc of cxpendables in the portlable life support system may become prohibitively
expensive and burdensome. For future EVA missions to be effective in the total sys~
tems context, the portable life support system may need to have a regenerable capa-
bility.

The primary objective of the Advanced Extiavehicular Protective System (AEPS) study
is to provide a meaningful apprisal of various regenerable and partially regenerable
portable life support system concepts for EVA use in the late 1970's and the 1980's.

The first phase of the AEPS Study was eleven monthe in duration and was devoted to
an appraisal of portable life support system concepts for Space Station, Lunar Base
and Mars EVA missions. The second phase was six months in duration and was
devoted to an appraisal of portable life support system concepts for Shuttle EVA mis-
sions and emergency life support system concepts for Shuttle, Space Station, Lunar
Base and Mars EVA missions.

This volume presents the Final Summary Report. General conclusions and recom-
mendations emanating from this effort are presented in section 2. 0. The Space Station,
Lunar Base, Mars and Shuttle AEPS specifications and Emergency System specifica-
tions are contained in section 3,0. Detailed descriptions of the study methodology
utilized in the conduct of both phases one and two of the AEPS Study are found in section
4.0. A summary of the subsystem studies, including schematics and parametric data,
are presented in section 5.0. Section 6.0 discusses the systems integration effort and
contains schematics, flow chart and pictorial sketches of potential candidate system
configurations. New technology requirements and recommendations are discussed in
section 7.0, A complete bibliography of the texts and references utilized in the conduc-
tion of the AEPS Study is listed in section 8.0,
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2.1 Conclusions

General conclusions emanating from the AEPS study effort are:

A.

D

For long duration space missions such as Space Station, Lunar Base and Mars
missions, an AEPS configuration incorporating a regenerable CO2 control sub-
system and 2 thermal control subsystem utilizing a minimum of expendables
dramatically decreases the vehicle penalty associated with present configurations
(such as the Apollo EMU PLSS) and can be designed to be within an acceptable
AEPS volume and weight range.

For shorter duration space missions such as Shuttle missions, an AEPS config~
uration incorpnrating an expendable water thermal control subsystem is the
most competitive subsystem from both a present vehicle and AEP® basis. How-
ever, regenerable CO2 control subsystems, if properly developed, are com-
petitive with their nonregenerable counterparts (such as LiOH) which are being
utilized on presernt day EVA missions.

COg9 reduction and oxygen reclamation, within the parent vehicle, of the CO2
removed by the AEPS CO2 control subsystem is only competitive when there
are three or more parent vehicle resupply periods (See Section 5. 3).

For long duration emergency systems of one hour or more, inherent redundancy
within the primary AEPS configuration to provide emergency thermal control is
the most competitive approach. However, separate and independent equipment
are required to provide emergency CO2 control and Og supply, regardless of
emergency duration,

2.2 Recommendations

As a result of the AEPS Study Program, the following mzjor areas of new technology
were identified and are recommended for future research and development:

a.

Thermal Control

1. Thermal Stovage - Investigatc and deveiop a thermal storage materiai(s)
whose | ‘at of fusion exceeds 300 BTU/lb. One such candidate material,
PHy Cl, hus already been identified and analytically evaluated during
conduction of the AEPS study.

2-3
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{Continued)

2. Radiation - Investigate and develop radiator surface coatings and treatments
to eptimize performance and minimize potential surface degradation, In
addition, develop a lightweight, deployable radiator concept.

COg Control

Develop a solid regenerable CO2 sorbent that provides the pe:ormance, re-
generation and life characteristics required for AEPS type apj ‘!cations, Two
candidate families of solid regenerable sorbents —— metallic oxides and solid

amines -- have already been identified and evaluated during conduct of the
AEPS study.

O Supply

Develop a high cyclic life (1000 cycles)/high pressure (6000 psi nominal) O2
supply subsystem that minimizes EVA equipment volume and meets life
requirements for AEPS - type applications.

These major areas of new technology, together with other areas having lesser impact,
are discussed in Section 7.0.
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3.0 AEPS SPECIFICATIONS AND EMERGENCY SYSTEM SPECIFICATIONS REVIEW

‘This section presents the four (4) AEPS specifications and the four (4) Emergency
System specifications (Space Station, Lunar Base, Mars and Shuttle) that the study

and final system sclections were based on, Since any system result is quite dependent
upon the initial requirements established, a review of the specifications is advisable
to provide a common understanding of the study results.

The basic specification provided by NASA at the start of the program has been
expanded to provide the overall depth required for tinal systems integration and selec-
tion and continually updated to reflect the latest projecticns of requirem-=nts for EVA
missions in the 1980's. A series of reviews and discussions, both within Hamilton
Standard and with NASA personnel resulted in these final specifications.
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SPACE STATION AEPS SPECIFICATION

1.0 SCOPE

This specification defines the basic requirements to be considered for the Space
Station AEPS Design Analysis effort.

2.0 DESCRIPTICGN

The AEPS shall be a portabie system capable of supplying the functions of pressuriza-
tion, ventilation, breathing oxygen supply, contaminaunt control, humidity control,
thermal control and communi. ations. The AEPS shall be a mission regenerable/re-
chargeable system and/or shall be capable of operating from a vehicle umbilical.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 EVA Mission Duration - 4 hours rnominal

3.1.2 Thermal Control

The AEPS shall maintain crewman thermal equilibrium when subjected to the follow-
ing conditions,

3.1,2.1 Metabolic Profile

a. Average 1000 Btu/hr
b. Peak 2500 Btu/hr
¢. Minimum 400 Btu/hr

3.1.2.2 Thermal Loads

a, Maximum inward heat leak 300 Btu/hr
b. Maximum outward heat leak 350 Btu/hr
¢. Equipment thermal loads As required

3.1.2.3 Crewman Thermal Storage - None

3.1.3 Pressurization - 6,75 + 0,2 psia

3.1.,4 External Leakage -~ 200 scc/min (PLSS + suit)

3.1.5 Ventilation
a. Suit Inlet Flow Rate 6 acfm

3=7
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b. Suit Inlet Gas Temperature 50-80°F

3.1.6 Humidity Control

a. Nominal Suit Inlet Dewpoint 45°F
b. Maximum Suit Inlet Dewpoint 60 F

3.1.7 Contamination Control

3.1.7.1 002 Control

a. Nominal Suit Inlet COy Level 4 mm Hg
b. Maximum Suit Inlet CO9 Level 7.5 mm Hg

3.1,7.2 Particulate Contamination - The AEPS shall be capable of removing 100% of
all particles 28 microns or larger, 99% of all particles between 7 and 27 microns, and
85% of all particles under 7 microns from the ventilation loop.

3.1.7.3 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Teble 3-1.

3.1.7.4 Odors - The AEPS shall be capable of removing all unpleasant odors from
the ventilation loop.

3.1,8 Life Requirements

3.1.8.1 Useful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life and
the operational life,

3.1.8.2 Shelf Life ~ Defined as that period of time that the AEPS can be stored under
controlled conditions during which it can be removed and put intc service without re-
placement of parts. Routine servicing is allowable., Shelf life of the AEPS shall be

5 years.

3.1.8.3 Operational Life - Defined as that period of time for which the AEPS is
intended to be used, beginning with acceptance testing, preflight orerations and actual
usage. Operational life of the AEPS shall be 10 years consisting of 500 EVA missions.
Ground maintenance and refurbishment is allowable.

3.2 Design Requirements

3.2.1 Mobility

The AEPS shall not encumber the crewman in the performance of his mission tasks as
defined by the EVA/IVA tasks effort.
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3.2.2 Controls and Displays

AEPS controls and displays shall be located within tie sight of and normal reach of
the suited crewman,

3.2.3 Center of Gravity

The CG of the suit/AEPS and the man shall be as close as possible to the CG of the
nude crewraan, and shall not shift in excess of 3 inches during conduct of the mission,

3.2.4 Maintainability

a. The AEPS shall be capable of being regenerated/recharged prior to each EVA
mission.

b. The AEPS shall permit maximum ease of access to components requiring opera-
tional maintenance.

3.2.5 Safety

The AEPS shall minimize the possibility of injury to crewman, service personnel, etc.,
because of fire, explosion, toxicity, contamination, burns or shock.

3.2.6 Structural Requirements

a. Proof pressure 1.5 x nominal pressure

b. Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid

d. Cyclic Life 6000 cycles at nominal pressure

3.2.7 Natural Environment

The AEPS shall be compatible with an Earth ambient and Earth orbital environment.

3.2.83 Induced Environment

The AEPS shall be compatible with the vehicle environments and operating fluids and
shall be capable of meeting the structural requirements of launch, operational use and
re-entry.

3.2.9 Space Station Resupply Period - 90 days

; "{:z_,r.ﬁ' ;ﬁrgm i
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TRACE GAS CONTAMINATION MODEL

TABLE 3-1

Maximum Concentration and Biological Production Rate of Trace Contaminants

Contaminant

Acetaldehyde
Acetone
Ammonia
n-Butanol
Butyric Acid
Carbon Monoxide
Ethanol
Hydrogen

Hydrogen Sulfide

Indole

Pyruvic Acid

Biological Production
Rate, lb/hr

9.16 x 10-9
2.02 x 10-8
2,62 x 109
1.2x 107
6.92 x 107
1,43 x 10-6
3,68 x 10~7
8.08 x 1077
4,61 x 10710
9.18 x 1076
1.3 x 105
1.39 x 1077
3.46 x 1070

e

1.92 x 10~

3-10

Allowable
Concentration
mg/m3

360

2400

70
303
144
118
1880
(4.1%)
28
126
{5.3%)

262

9.2



3.2 LUNAR BASE AEPS SPECIFICATION

3-11/8-12

e



LUNAR BASE AEPS SPECIFICATION

1.0 SCOPE

The specification defines the basic requirements to be considered for the Lunar Base
AEPS Design Analysis effort.

2.0 DESCRIPTION

The AEPS shall be a portable system capable of supplying the functions of pressuriza~
tion, ventilation, breathing oxygen supply, contaminant control, humidity control,
thermal control and communications. The AEPS shall be a mission regencrable/re-
chargeable system and/or shall be capal'e of operating from a vehicle umbilical.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 EVA Mission Duration - 8 hours nominal

3.1.2 Thermal Contro!

The AEPS shall maintain crewman thermal equilibrium when subjected to the follow-
ing conditions,

3.1.2,1 Metabolic Profile

a. Average 1050 Btu/hr
b. Peak 2500 Btu/hr
c. Minimum 400 Btu/hr

3.1.2.2 Thermal Loads

a. Maximum inward heat leak 700 Btu/hr
b. Maximum outward heat leak 350 Btu/hr
c. Equipment thermal loads As required

3.1,2,3 Crewman Thermal Storage ~ None

3.1.3 Pressurization - 5.0 to 6,75 psia (dependent on Lunar Base pressure level)

3.1.4 External Leakage - 200 scc/min (PLSS + suit)

3.1.5 Ventilation

a, Suit Inlet Flow Rate 6 acfm

3-13
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b. Suit Inlet Gas Te.perature 50-80°F

3.1.6 Humidity Control

a. Nominal Suit Inlet Dewpoint 45°F
b. Maximum Suit Inlet Dewpoint 60°F

3.1.7 Contamination Control

3.1.7.1 C02 Control

a, Nominal Suit Inlet CO5 Level 4 mm Hg
b. Maximum Suit Inlet CO, Level 7.5 mm Hg

3.1.7.2 Particulate Contamination - The AEPS shall be capable of removing 100% of
all particles 28 microns or larger, 99% of all particles between 7 and 27 microns,
and 85% of all particles under 7 microns from the ventilation loop.

3.1.7.3 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Table 3-1,

3.1.7.4 QOdors - The AEPS shall be capable of removing all unpleasant cd«rs from the
ventilation loop.

3.1.8 Life Requirements

3.1.8.1 Uscful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life
and the operaticnal life.

3.1.8.2 Shelf Life - Defined as that period of time that the AEPS can be stored under
cor.trolled conditions during which it can be removed and put into service without re-

plicement of parts. Routine servicing is allowable, Shelf life of the AEPS shall be
5 yaars.,

3.1.8.3 Operational Lifc - Defined as that period of time for which the AEPS is
intended to be used, beginning with zcceptance testing, preflight operations and actual
usage. Operational life of the AEPS shali be 10 years consisting of 500 EVA missions.

3.2 Design Requirements

3.2.1 Mobility

The AEPS shall not encumber the crewman in the performance of his m:ssion tasks
as defined by the EVA/IVA tasks effort.

3-14
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3.2.2 Controls and Digplays

AEPS controls and displays shall be located within the sight of and normal reach of
the suited crewman.

3.2.3 Center of Gravity

The CG of the suit/AEPS and the man shall be as close as possikle to the CG of the
nude crewman, and shall not shift in excess of 3 inches during conduct of the
mission,

3.2.4 Maintainability

a. The AEPS shall be capable of being regenerated/recharged prior to each EVA
mission,

b. The AEPS shall permit maximum ease of access to components requiring opera-
tional maintcnance.

3.2.5 Safety

The AEPS shall minimize the possibility of injury to crewman, service personnel,
etc., because of fire, explosion, toxicity, contamination, burns or shock.

3.2.6 Structura! Requirements

a. Proof pressure 1.5 x nominal pressure

b. Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid

d. Cyclic Life 6000 cycles at nominal pressure

3.2.7 Natural Environment

The AEDPS shall be compatible with an Earth ambient, Earth orbital, lunar oribit=l,
and a lunar surface environment.

3.2.8 Induced Environment

The AEPS shall be comptaible with the vehicle environments and operating fluids and
shall be capable of meeting the structural requirements of launch, lunar landing,
operational use and re-entry.

3.2.9 Lunar Base Resupply Period - 180 days

3-15



TABLE 3-1

TRACE GAS CONTAMINATION MODYL

Maximum Concentration and Biological Production Rate of Trace Contami .ants

&
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Contaminant Biological Production Allowabie
Rate, lb/hr Concentration
mg/m3
Acetaldehyde 9.16 x 10-9 360
Acetone 2.02 x 1078 2400
Ammonia 2.62 x 1079 70
n-Butanol 1.2 x10°7 303
Butyric Acid 6.92 x 107 144
Carbon Monoxide 1.43 x 106 115
Ethanol 3.68 x 1077 1880
Hydrogen 8.08 x 1077 4. 1%)
Hydrogen Sulfide 4,61 x 1010 28
Indole 9,18 x 10~6 126
Methane 1.3 x 1075 (5.3%)
Methanol 1.39 x 1077 262
Phenol 3.46 x 1075 10
Fyruvic Acid 1.92 x 109 9.2
5-16
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MARS AEPS SPECIFICATION
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MARS AEPS SPECIFICATION

1.0 SCOPE

This specification defines the basic requirements to be considered for the Mors
AEPS Design Analysis effort.

2.0 DESCRIPTIOIN

The AEPS shall be a portable system capable of supplying the functions of pressuriz-
ation, ventilation, breathing o<ygen supply. contaminan control, humidity control,
thermal control and communications. The AEPS shall be a mission regenerable/
rechargeable system and/or chall be capable of operating from a vehicle umbilical.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 EVA Mission Duration - 8 hours nominal

3.1.2 Thermal Control

The AEPS shall maintain crewman thermal equilibrium when subjected to the following
conditions.

3.1.2.1 Metabolic Profile

a. Average 1200 Btu/hr
b. Peak 3000 Btu/hr
c. Minimum 400 Btu/hr

3.1.2,2 Thermal Loads

a. Maximum inward heat leak 100 Btu/hr
b. Maximum outward heat leak 700 Btu/hr
2. Equipment thermal loads As required

3.1.2,3 Crewman Thermal Storage - None

3. 1.3 Pressurization - 5.0 to 6.75 psia (dependent on Mars Excursion Module (MEM)
pressure level)

3.1.4 External Leakage - 200 scc/min (PLSS + suit)

3.1.5 Ventilation

a. Suit Inlet Flow Rate 6 acfm
b. Suit Inlet Gas Temperature 50-80°F

3-19
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3.1,6 Humidity Control

a. Nominal Suit Inlet Dewpoint 45°F
b. Maximum Suit Inlet Dewpocint 60°F

3.1.7 Contamination Control

3.1.7.1 COy Control

2. Nominal Suit Inlet CO2 Level 4 mmHg
b. Maximum Suit Inlet COg Level 7.5 mmHg

3.1.7.2 Particulate Contamination - The AEPS shall be capable of removing 100%
of all particles 28 microns or larger, 99% of all particles betwcan 7 and 27 microns,
and 85% of all particles under 7 microns from the ventilation loop,

3.1.8.3 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Table 3-1,

3.1.7.4 Odors - The AEPS shall be capabie of removing all unpleasant odors from
the ventilation loop.

3.1.8 Life Requirements

3.1.8.1 Useful Life ~ Defined to be that period from the time of delivered until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life and
the operational life,

3.1.8.2 sShelf Life - Defined as that period of time that the AEPS can be stored under
controlled conditions during which it can be removed and put into service without

replacement of parts. Routine servicing is allowable, Shelf life of the AEPS shall
be 3 years.

3.1.8.3 Operational Life - Defined as that period of time for which the AEPS is
intended to be used, beginning with acceptance testing, preflight operations and actual
usage. Operational life of the AEPS shall be 3 years consisting of 22 EVA missions.

3.2 Design Requirements

3.2.1 Mobility

The AEPS shall not encutaber the crewman in the performance of his mission tasks
as defined by the EVA/IVA tasks effort.

3~-20
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3.2.2 Controls and Displays

AEPS controls and displays shall be lccated within the sight of and normal reach of the
suited crewman.

3.2.3 Center of Gravity

The CG of the suit/AEPS and the man shalil be as close ag possible to the CG of the
nude crewman, and shall not shif in excess of 3 inches during conduct of the mission,

3.2.4 Maintainability

a, The AEPS shall not require in~flight maintenance.

b. The AEPS shall be capable of being regenerated/recharged prior to each EVA
mission,

3.2,5 Safety

The AEPS shall minimize the possibility of injury to crewman, service peisonnel, etc.,
because of fire, explosion, toxicity, contamination, burns or shock.

3.2.6 Structural Requirements

a. Proof pressure 1.5 x nominal pressure

b. Burst pressure 2. 0 x nominal pressure

c. collapsing pressure 15 psid

d. Cyclic Life 6000 cycles at nominal pressure

3.2.7 Natural Environment

The AEPS shall be ~ompatible with an Earth ambient and Earth orbital, Mars orbital
and Mars surface environment,

3.2.8 Induced Environment

The AEPS shall be compatibie with the vehicle environments and operating fluids and

shall be capabie of meeting the structural requirements of launch, Mars landing,
operational use and re-entry,

L et
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TABLE 3-1

TRACYF. GAS CONTAMINATION MODEL

Maximum Concentration and Biological Production Rate of Trace Contaminants

L -

Contaminant Biological Production Allowable
Rate, Ib/hr Concentration
mg/m3
Acetaldehyde 9.16 x 109 360
Acetone 2.02 x 10~8 2400
Ammonia 2.62 x 1079 70
n-Butanol 1.2 x 1077 303
Butyric Acid 6.92 x 1075 144
Carbon Monoxide 1.43 x 10-6 115
Ethanol 3.68 x 10”7 1880
Hydrogen 8.08 x 10~7 (4.1%)
Hydrogen Sulfide 4,61 x 10-10 28
Indole 9.18 x 1076 126
Methane 1,3x 107 (5.3%)
Methanol 1.39 x 1077 262
Phenol 3.46 x 10~9 19
Pyruvic Acid 1.92 x 1079 9.2
3-22
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SHUTTLE AEPS SPECIFICATION

1.0 _S‘(_:_(‘)PE

This specification defines the basic requirements to be considered for the Shuttle
AEPS Design Analysis effort.

2.0 DESCRIPTION

The AEPS shall be a portable system capable of supplying the functions of pressuriza-
tion, ventilation, breathing oxygen supply, contaminant control, humidity control,
thermal control and communications. The AEPS shall be a mission regenerable/re-
chargeable system and/or shall be capable of operating from a vehicle umbilical,

3.0 REQUIREMEMENTS

3.1 Periormance Requirements

3.1.1 EVA Mission Duration - 4 hours nominal

3.1.2 Thermal Control

The AEPS shall maintain crewman thermal equilibrium when subjected to the follow-
ing conditions.

3.1.2.1 Metabolic Profile

a. Average 1000 Btu/hr
b. Peak 2500 Btu/hr
¢. Minimum 400 Btu/hr

3.1.2.2 Thermal Loads

a, Maximum inward heat leak 300 Btu/hr
b. Maximum outward heat leak 350 Btu/hr
c. Equipment thermal loads As required

3.1.2.3 Crewman Thermal Storage - None

3.1.3 Pressurization - 6,75 + 0,2 psia

3.1.4 External Leakage - 200 scc/min (AEPS + suit)

3.1.5 Ventilation

a. Suit Inlet Flow Rate 6 acfm
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b. Suit Inlet Gas Temperature 50-80°F

3.1.6 Humidity Control

a. Nominal Suit Inlet Dewpoint 45°F
b. Maximum Suit Inlet Dewpoint 60 F

3.1.7 Contamination Control

3.1.7.1 COg Contrel

a. Nominal Suit Inlet CO, Level 4 mm Hg
b. Maximum Suit Inlet COy Level 7.5 mm Hg

3.1,7.2 Particulate Contamination -~ The AEPS shall be capable of removing 100% of
all particles 28 microns or larger, 99% of all particles between 7 and 27 microns, and
85% of all particles under 7 microns from the ventilation loop.

3.1.7.3 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Table 3-1.

3.1.7,4 Odors - The AEPS shall be capable of removing all unpleasant cdors from the
vontilation loop.

3.1.8 Life Requirements

3.1.8,1 Useful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life
and the operational life.

3.1.8.2 shelf Life ~ Defined as that period of time that the AEPS c¢an be stored under
controlled conditions during which it can be remcved and put into service without re-
placement of parts. Routine servicing is allowable. Shelf life of the AEPS shall be

5 years.

3.1.8.3 Operational Life - Defined as that period of time for which the AEPS is
intended to be used, beginning with acceptance testing, preflight operations and

actual usage. Operational life of the AEPS shall be 10 years consisting of 100 Shuttle
missions requiring a total of 2400 hours of actual operation. Ground maintenance and
refurbishment between Shuttle missions is allowable.

3.2 Design Requirements

3.2.1 Mobility

The AEPS shall not encumber the crewman in the performance of his mission tasks
as defined by the EVA/IVA tasks effort.
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3.2.2 Controls and Displays

AEPS controls and displays shall be lorated within the sight of and normal reach of
the suited crewman.

3.2.3 Center of Gravity

The CG of the suit/AEPS and the man shall be as close as possible to the CG of the

nude crewman, and shall not shift in excess of 3 inches during conduct of the mission.

3.2.4 Maintainability

a, The AEPS shall not require in-flight maintenance.

b. The AEPS shall be capable of being regencrated/recharged prior to each EVA
mission,

c. The AEPS shall be capable of rapid refurbishment during on-the-ground turn-
around time.

3.2.5 Safety

The AEPS shall minimize the possibility of injury to ecrewman, service personnel,
ete., because of fire, explosion, toxicity, contamination, burns or shock.

3.2.6 Structural Requirements

a. Proof pressure 1.5 x nominal pressure
b, Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid
d. Cyeclic Life 6000 cycles at nominal pressure

3.2.7 Natural Environment

The AEPS shall be compatible with an Earth ambient and Earth orbital environment.

3.2.8 Induced Envircnment

The AEPS shall be compatible with the vehicle environments and operating fluids and

shall be capable of meeting the structural requirements of launch, operational use
and re-entry.
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TABLE 3-1

TRACE GAS CONTAMINATION MODEL

Maximum Concentration and Biological Production Rate of Trace Contaminants

Contaminant
Acetaldehyde
Acetone
Ammonia
n-Butanol
Butyric Acid
Carbon Monoxide
Ethanol
Hydrogen
Hydrogen Sulfide
Indole

Methane
Methanol

Phenol

Pyruvic Acid

Biological Production

Rate, Ib/hr

9,16 x 1079

2.02 x 1078

2,62 x10°°

1.2 x 10"

6.92 x 10~°

1.43 x 10°°

3.68 x 10"

8.08 x 10"

4.61x10 10

9.18 x 10~°
1.3 x107°
1.39 x 107
3.46 x 10”2

1.92x 107°

3-28

Allowable
Concentration

mg/m3
360
2400

70

144
115
1880

(4.1%)
28
126

(5.3%)
262
‘19

9.2
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SPACE STATION EMERGENCY SYSTEM SPECIFICATION

1.9 SCOPE

This specification defines the basic requirements to be considered for the Space
Station AEPS Emergency System (ES).

2.0 DESCRIPTION

'This 1S shall be a portable system capable of supplying ail the required life support
functions in the event of an AEPS failure.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 Emergency Mode Duration - 20 minutes minimum

3.1.2 Thermal Contrel

The ES shall maintain crewman thermal equilibrium when subjected to the following
conditions:

3.1.2.1 Metabolic Profile

a. Average 1500 BTU/hr.
b. Peak 3000 BTU/hr.
c. Minimum 400 BTU/hr.
3.1.2.2 Thermal Loads

a. Maximum inward heat leak 300 BTU/hr.
b. Maximum outward heat leak 350 BTU/hr.
¢. Equipment thermal loads As required

3.1.2,3 Crewman Thermal Storage - 20) BTU Maximum

3.1.3 Pressurization - 6.75 + 6.2 psia

w

.1,4 Contamination Control

3.1.4.1 COg Control - Maximum iniet COg level - 15 mm Hg.

3.1.4.2 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Table 3-1.

3-31

B b walier i e o T 0l



3.1.4.3 Odors - Odor level must not adversely affect crewman performance,

3.1.5 Visor Fogging - Visor defogging shall be provided by the ES to ensure crew-
man visibill’,,

3.1.6 Life Requirements

3.1.6.1 Useful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life
and the operational life,

3.1.6.2 Shelf Life - Defined as that period of time that the ES can be stored under
controlled conditions during which it can be removed and put into service without
replacement of parts. Routine servicing 18 allowable. Shelf life of the ES shall be
5 vears.

3.1.6.3 Operational Life - Defined as that period of time for which the =S is in-
tended to be used, beginnirg with acceptance testing, preflight operations and actual
usage. Operaticnal life of the ES shall be 10 years. Ground maintenance and re-
furbishment is allowabie.

3.2 Design Requirements

3.2.1 Mobility - ES shall provide minimum encumbrance to the crewman in per-
formance of his mission tasks,

3.2.2 Controls & Displays - All ES controls and displays shall be located within
the sight of and normal reach of the suited crewman.

3.2,3 Maintainability

-]

The ES shall not require in-flight maintenance.
b. The ES will not be capable of being regenerated/recharged in-ilight.

3.2.4 Safety - The ES shall minimize the possibility of injury to crewman, service
personnel, etc., because of fire, explosion, toxicity, contamination, burns or shock.

3.2.5 Structural Requirements

a. Proof pressure 1.5 X nominal pressure

b. Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid

d. Cyclic Life 2500 cycles at nominal presasure
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3.2.6 Natural Ervironmer.i - The ES shall be compatible with an Earth ambient and
Farth orbital environment.

3.2.7 Induced Enviroument - The ES shall be compatible with the vehicle environ-
meits and operating fluids and shall be capa.ile of meeting the structural require-
ments of launch, operational use and re-entry,

3.2.8 Space Station Resupply Period - 90 days,
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3.6 LUNAR BASE EMERGENCY SYSTEM SPECIFICATION
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LUNAR BASE EMERGENCY SYSTEM SPECIFICATION

1.0 SCOPE

This specification defines the basic requirements to be considered for the Lunar Base
AEPS Einergency Sysiem (ES).

2.0 DESCRIPTION

The ES shall be a portable system capable of supplying all the required life suppori
functions in the event of an AEPS faijlure.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 Emergencv Mode Duration - 2 hours minimum

3.1.,2 Thermal Control

The ES shzll maintain erewman thermal equilibrium when subjected to the following
conditlons:

2.1,2.1 Metabolic Profile

a. Average 1600 Btu/hr
b. Peak 3500 Btu/hr
¢. Minimum 400 Btu/hr

3.1.2.2 Thermal Loads

a. Maximum inward heat leak 700 Btu/hr
b. Maximum outward heat leak 350 Btu/hr
c. Equipment thermal loads As required

3.1.2.3 Crewman Thermal Storage - 200 Btv Maximum

3.1.3 Pressurization - 5.0 to 6,75 (dependent on lunar base pressure level)

3.1.4 Contamination Control

3.1.4.1 002 Control -~ Maximum inlet COg level - 15 mm Hg.

3.1.4.2 Trace Contaminants - The maximum allowable concentrations and biological
generation rates of trace contaminants are defined in Table 3-1.
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3.1.4.3 Odors - Odor level must not adversely affect crewman performance.

3.1.5 Visor Fogging - Visor defogging shall be provided by the ES to ensure crewman
visibiliiy. '

3.1.6 Life Requirements

3.1.6.1 Useful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelf life
and the operational life.

3.1,.6.2 Shelf Life - Defined as that period of time that the ES can be stored under
controlled conditions during which it can be removed and put into service without re-
placement of parts, Routine servicing is allowable. Shelf life of the ES shall be 5
yvears.

3.1.6.3 Operational Life - Defined as that period of time for which the ES is intended
to be used, beginning with acceptance testing, preflight operations and actual usage.
Operational life of the ELSS shall be 10 vears. Ground maintenance and refurbish-
ment is allowahle,

3.2 Design Requirements

3.2.1 Mobility - ES shall provide minimum encumbraace to the crewman in perfor-
mance of his mission tasks.

3.2.2 Controls & Displays - All ES controls and displays shall be located within the
gight of and normal reach of the suited crewman,

3.2.3 Maintainability

a, The ES shall not require in-flight maintenance.
b. The ES will not be capable of being regenerated/recharged in-flight.,

3.2.4 Safety - The ES shall minimize the possibility of injury to crewman, service
personnel, etc., because of fire, explosion, toxicity, contamination, burns or shock.

3.2.5 Structural Requirements

a, Proof pressure 1.5 x nominal pressure

b. Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psud

d. Cyclic Life 2500 cycles at nominal pressure

3.2.6 Natural Environment ~ The ES shall be compatible with an Earth ambient, Earth
orbital and a lunar surface environment.
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3.2.7 Induced Environment - The ES shall be compatible with the vehicle environ-
ments and operating fluids and shall be ¢ _pable of meeting the structural require~
ments of launch, lunar landing, operational nse and re-entry.
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MARS EMERGENCY SYSTEM SPECIFICATION

1.0 SCOPE

This specification defines the basic requirements to be considered for the Mars AEPS
Emergency System (ES),

2.0 DESCRIPTION

The ES shall be a portable system capable of supplying all the required life support
functions in the event of an AEPS failure.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 Emergency Mode Duration - 1 hour minimum

3.1.2 Thermal Control

The ES shall maintain crewman thermal equilibrium when subjected to the following
conditions:

3.1.2.1 Metabolic Profile

a. Average 2000 Btu/hr
». Peak 3500 Btu/hr
¢. Minimum N 400 Btu/hr

3.1.2,2 Thermal Loads

a. Maximum inward heat leak 100 Btu/hr
b. Maximum outward heat leak 700 Btu/hr
c. Equipment thermal loads As required

3.1.2.3 Crewman Thermal Storage - 200 Btu Maximum

3.1.3 Pressurization - 5.0 to 6,75 psia (dependent on MEM pressure level)

3.1.4 Contamination Control

3.1.4.1 COg Control - Maximum iniet COg level - 15 mm Hg.

3.1.4.2 Trace Contaminants - The maximum allowable concentrations and biological :
generation rates of trace contaminants are defined in Table 3-1, !
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3.1.4.3 Odors - Odor level must not adversely affect crewman performance.

3.1.5 Visor Fogging - Visor defogging shall be provided by the ES to ensure crew-
man vigibility,

3.1.6 Life Requirements

3.1.6.1 Useful Life - Defined to be that period from the {ime of delivery until it is
downgraded to an uncontrolled status. The useful life is eompnsed of the shelf life
and the operational life.

3.1.6.2 Shelf Life - Defined as that period ot time that the ES can be stored under
controlled conditions during which it can b¢ emoved and put into service without re-
placement of parts. Routine servicing is .. {>wable. Sholf life of the ES shall be 3
years,

3.1.6.3 Operational Life - Defined as thac per:od of tir » for which the ES is intend-
ed to be used, beginning with acceptarce testing, prci....i operations and actual us-
age. Operational life of the ES shall be 3 years.

3.2 Design Requirements

3.2.1 Mobility - ES shall provide minimum encumbrance to the crewman in perform-
ance of his mission tasks.

3.2.2 Controls & Displays - All ES controls and displays shall be located within the
sight of and normal reach of the suited crewman,

3.2.3 Maintainability

a. The ES shall not require in-flight maintenance.
b. The ES will not be capable of being regenerated/recharged in-flight.

3.2.4 Safety - The ES shall minimize the possibility of injury to crewman, service
personnel, etc., because of fire, explosion, toxicity, contamination, burns or shock.

3,2.5 Structural Requirements

a, Proof pressure 1.5 x nominal pressure

b. Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid

d. Cyclic Life 2500 cycles at nominal pressure

3.2.6 Natural Environmeni - The ES shall be compatible with an Earth ambient,
Earth orbital,Mars oribtal and Mars surface environment.
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3.2.7 Induced Environment - The ES shall be compatible with the vehicle environ-
ments and operating fluids and shall be capable of meeting the structural requirements
of launch, Mars landing, operational use and re-entry.
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3.8 SHUTTLE EMERGENCY SYSTEM SPECIFICATION
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SHUTTLE EMERGENCY SYSTEM SPECIFICATION

1.0 SCOPE

This specification defines the basic requirements to be considered for the Shuttle
AEPS Emergency System (ES)

2.0 DESCRIFTION

The ES sh~11 be a portable system capable of sunplying all the required life support
functicns in the event of failure.

3.0 REQUIREMENTS

3.1 Performance Requirements

3.1.1 Emergency Mode Duration - 30 minutes minimum

3.1.2 Thermal Control

The ES shall mainiain crewman thermal equilibriuin when subjected o the following
conditions:

3.1.2.1 Metabolic Profile

a. Average 1500 BTU/hr
b. Peak 3000 BTU/hr
¢. Minimum 400 BTU/hr

3.1.2,2 Thermal loads

a. Maximum inward heat leak 300 BTU/hr
b. Maximum outward heat leak 350 BTU/hr
¢. Equipment thermal loads As required

3.1.2.3 Crewman Thermal Storage - 200 BTU Maximum

3.1.3 Pressurization - 6.75 + 0,2 psia

3.1.4 Contamination Control
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3.1.4.1 CO9 Control- Maximum inlet CCGg level - 15 mmHg

3.1.4,x Trace Contaminants - The maximum allowable concen.rations and biological
gencration rates of trace contaminants are defined in Table 3-1.

3.1.4.3 Odors - Odor level must not adversely affect crewman performance.

3.1.5 Visor Fogging - Visor defogging shall be provided by the ES to ~“nsure crewman
visibility.

3.1.6 Life Requirements

3.1.6.1 Useful Life - Defined to be that period from the time of delivery until it is
downgraded to an uncontrolled status. The useful life is composed of the shelif life and
the operational life.

3.1.6,2 Shelf Life - Defined as that period of time that the ES can be stored under
controlied conditions during which it can be removed and put into service without
replacement of parts. Routine servicing is allowable. Shelf life of the ES shall be
5 years,

3.1.6.3 Operational Life ~ Defined as that period of time for which the ES is intended
to be used, beginning with acceptance testing, preflight operations and actual usage.
Operational life of the ES shall be 10 years consisting of 100 Shuttle missions, Ground
ma.menance and refurbishment between Shuttle missions is allowable,

3.2 Design Requirements

3.2.1 Mobility - ES shall provide minimum encumbrance to the crewman in performance
of his mission tasks.

3.2.2 Controls & Displays - All ES controls and displays shall be located within the
sight of and normal reach .’ the suited crewman,

3.2.3 Maintainability

a. The ES shall not require in-flight maintenance,

b. The £S shall be maintained after each S.iuttle mission.

c. The ES will not be capable of be...g regenerated/recharged in-flight.

3.2.4 Safety - The ES shall minimize the possibility of injury to crewman, service
personnel, etc., because of fire, explosion, toxicity, contamination, burns or shock,
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3.2.5 Structural Requirements

a, Proof pressure 1.5 x nominal pressure

b, Burst pressure 2.0 x nominal pressure

c. Collapsing pressure 15 psid

¢, Cyclic Life 2500 cycles at nominal pressure

3.2.6 Natural Environment - The ES shall be compatible with an Eartl. ambient and
Earth orbital environment.

3.2.7 Inducad Environment - The ES shall be compatible with the vehicle environments
and operating fluids and shall be capable of meeting the structural requirements o.
launch, operational use and re-entry.
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4.0 STUDY METHODOLOGY

‘This section describes Hamilton Standard's conduct of the AFPS study. Included in the
following discussion are a brief summary of the study approach, the study objectives,
guidelines and constraints, the study evaluation criteria, and a description of the study
flow.

4.1 Phase One Effort

4.1.1 Study Approach Summary

To ensure that the proper study perspective was established as early as possible in the
AEPS study, maximum use was made of prior pertinent studies and discussions with

the technical monitor and other NASA personnel to prepare and release a comprehensive
AEPS Study Plan and a set of AEPS specifications for the Space Station, Lunar Base,
and Mars missions.

The subsystem studies task was initiated by the identification of numei Jus subsystem
concepts in the area of thermal control, humidity control, COg control, Og supply,
trace coniaminant control and power, Utilizing the AEPS specification as a guide to
system requirements, these candidate subsystem concepts were analyzed and parametric
data generated. Subsystem comparative evaluations were then conducted in accordance
withthe study evaluation criteria defined in section 4, 1,4 of this volume. The subgystems
selected were then carried info the system studies task and integrated into several
baseline AEPS schematic concepts and, once again, evaluated in accordance with

ine study evaluation criteria. Based on the results of the systems evaluation, AEPS
concepts were selected for each of the three missions--Space Station, Lunar Base, and
Mars.

After establishment of the selected AEPS concepts, a prioritized listing of required
technology development activity to permit the recommendec AEPS concepts to be
developed was generated.

4.1,2 Objective

The objective of phase vne of the AEPS study was to svovide & meaningful appraisal of
various regenerable and partially regenerable portable life support system concepts
for EVA used in the 1980's.

4.1.3 Guidelines & Constraints

The above objective was accomplished within the following assumntions and guidelines
as agreed to with the NASA Ames Research Center:

1, The effort was not to be confined to the conventional techniques of system
portability- i.e., backpacks. Rather, in generating concepts for the AEPS,
consideration is also to be given to ideas such as:

4-3
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4, 1.3 (continued)

a. Total or partial subsystem integration into the protective suit.

b. Placing of the life support subsystems on a cart or vehicle with umbilical 1o
the suit,

c. Integration of the life support system into a pack or suit with subsystem

modules removable for regeneration on a cart or vehicle.

The degree of regenerability was an important consideration of this study. A
spectrum of system configuration was possible, ranging from totally expendable to
completely regenerable. Degrees of regenerability are defined as follows:

a. A completely regenerative life support system is defined in this study as
essentially a closed life support system, It removes exhaled COg for
reclamation of the oxygen, and it captures water lost {rom the astronaut
for collection and purification. Furthermore, no water or other material
is sublimated or evaporated to space as a mechanism of heat removal.
There is no loss of mass from the system as a result of its use except
possibly for trace contaminant disposal, or a small amount of external
leakage of fluids from the life support system and suit. Moreover, all
systems are reuseable and are not discarded after -se.

b. A partially regenerable iife support system is defined as a system which has
one or more, but not all, subsystems dependent on espendables. For
example, a portable life suppcrt system may use a space radiator to reject
heat rather than subliming water, but it may still use L.iOH to remove COg,
charcoal for adsorption of trace contaminants, etc.

c. A fully expendable life support system, such as the Apollo EMU Portable
Life Support System (PLSS), uses expendables for CO2 removal, heat
rejection, trace contamination control, and power.

There was no requirement that recharging or regeneration of the regenerable
portions of the sysiem occur specifically within the AEPS; the regeneration may
also occur within the parent vehicle, For example, oxygen need not be reclaimed
from the COg within the structure of the AEPS, but rather the COg may be
collected in the AEPS and returned to the vehicle for reduction, However, if
reclamation and recharge are to take place in the vehicle, the necessary vchicle
equipment must be considered as part of the AEPS design, and the nenslties
associated with this approach must be evaluated.

The AEPS system(s) concepts selected for earth orbital missions need not
necessarily be the system selecied for lunar surface ..+ Martian surface
operations: howev.r, commonality of subsystems was to be strived for as a

design goal,

No consideration was to be given to management of the astronaut urine or fecal
material.
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4.1.3 (continued)

6. Emcrgency and backup systems were not to be considered as a part of Phase One
of this study.

4.1.4 Study Evaluation Criteria

Selection of the most favorable EVA subsystem and system equipment has always
posed a difficult problem., This was particularly true for the AEPS study as it deait
with long duration earth orbital, lunar surfuce, and Martian surface missions,
wherein the vehicle penalty for an AEPS configuration has now become increasingly
more important than it was for the shorter term Gemini and Apollo programs, This
reduces the validity of the traditional heavy emphzsis on AEPS equivalent volume
and weight within the evaluation criteria, Thus, to fulfill the objective of the AEPS
study within the assumptions and guidelines listed previously, it has been necessary
to establish criteria vreflecting an objective evaluation of not only the EVA crewman
and his equipment, but also of the parent vehicle or shelter, and the total mission.

The determination of the AEPS study selection criteria was based on a recognition that
some requirements are absolute, others are of primary importance, and still others
are secondary in that they represeat second order effects, The crileria used as a
basis for the AEPS subsystems and system selection are shown in Figure 4-1, The
criteria are applied sequentially in the groups shown to eliminate concepts that fail

on either an absolute (go/no go) or comparative basis and to provide the basis for
selection between surviving candidates. If an eliminated concept still has a potential
aprlication if adequately developed, it was identified as a possible candidate for
research and development in the pacing technology phase of the study program.,

Ro/No Go Criteria - Go/No Go criteria define the minimum acceptable requirements
for a concept. If a concept does not meet or cannot be m.uified or augmented to meet
all of the go/no go criteria, no further consideration was given in the study and that

particular concept was listed as unacceptable and eliminated. The go/no go criteria are

listed as follows:

Performance - All concepts must be capable of meeting the entire performance
specification to be considered as candidates. To provide a common basis,
conceptual designs were adjusted for each competing subsystem, system, or
method to meet the same performance requirements.

Safety - Safety of each concept was evaluated with respect to fire, contamination,
ex;losion hazards, hot spots, bacteriological problems, and crew hazards to
determine if any of these are present which cannot be eliminated by careful
design or inclusion of additional control equipment, different materials, etc.
Hazards are investigated during normal operation and off-design operation. I
any serious problems were discovered which could not be reasonably avoided, the
concept was eliminated.
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4,1.4 (continued)

Availability - Availability is a measure of the probability of a concepi being
fully operational within the required time peric i (following reasonable de-
velopment effort), Preliminary screening of concepts eliminates many ques-
tionable concepts where feasibility has not been convincingly established.
Availability is evaluated by an analysis of the subsystem approach, its inter-
faces and hardware rzquirements to define problem areas and design ''qualms’.

Crew Acceptability - This is a measure of the psychological acceptability of

the approach by the eventual user. The equipment must be designed to assure
that it inciudes neither physical nor mental stress on the crew. If a concept
was deemed to be unacceptable by the crew and could not be corrected, the con-
cept was eliminated. Examples of potential marginal areas where crew accept-
ability may be an overriding criteria are the use of a radioactive power source,
location of controls and displays, specific EVA operational procedures, etc.

If a "marginal" concept did pass the go/no go test, it was highlighted as "mar-
ginal" tc ensure further consideration of that criterion during later stages of
the evaluation,
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4.1.4 (continued)

Primary Criteria - These primary criteria are the principal evaluation criteria for all

concepts that passed the go/no go criteria requirements. The ratings applied to a candi-
date concept are Cependent upon the characteristics of the candidate relative to the

other candidates. Fach candidate concept received a rating of from 0 to 100 for each
primary criterion. Each rating was then multiplied by the weighting factors defined in
Table 4-1 and these added to obtain a total rating for each candidate concept. If

a clear-cut choice was not evident, the remaining competing concepts were reviewed
against the sccondary criteria. The primary criteria arc listed as follows:

Vehicle Equivalent Weight - The physical aspects of any given concept can be
converted to an equivalent vehicle launch weight penalty for purposes of com-
parison, Equivalent vehicle weight consists of subsystem or system fixed
weight, expendables, power requirements, heat rejection requirements,
recharge and/or regeneration equipment, spares, and special interface equip-
ment,

AEPS Equivalent Volume ~ AEPS equivalent volume consists of all EVA life
support equipment with which the erewman must egress from the vehicle and
is an indirect measurement of crewman encumbrance and mobility hindrance.
This criterion, as is equivalent vehicle weight, is a tool that provides an
objective quantitative basis for evaluation and represents the two most im-
portant evaluation criteria for use during the study.

Reiiability - Reiiability is 1 measure of the probability that a concept will
meet the total mission requirements with a minimum of spares, redundancy
acd maintenance time. In addition, single point failures and sequential fail-
ures are eliminated, Application of these criteria entail obje stive engineering
assessments and do not involve interpolation of numbers representing failure
probability estimates.

Operability - Operability is a measure of the concept's ability to be simply
used for the mission's various operating modes including: don/doff, startup,
checkout, egress/ingress, shutdown, recharge/regeneration, and operational
variations during the actual EVA. If the operability of a candidate concept is
considered unacceptable, it is eliminated.

Flexibility - Flexibility is a measure of the concept's ability to be used under
various conditions at minimum penalty:

a. Different types of EVA missions such as exploration, cargo transfer,
assembly operations, etc.

b. Different space programs involving varying gravity environments, thermal
environments, etc.

c. Acaptability of incorporating new technology, ¢hus preventing premature
technical obsolescence.
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PRIMARY CRITERIA WEIGHTING FACTORS

v EIGHTING FACTORS

CRITERIA

SPACE STATION] LUNAR BASE |  MARS
VEHICLE EQUIVALENT 0.30 035 | 0.3
ey UIVALENT 0.30 0.25 0.25
RELIABILITY 0.15 0.15 0.15
OPERABILITY 0.15 0.15 0.15
FLEXIBILITY 0.10 0.10 0.10

TABLE 4-1
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4.1.4 (continued)

Secondary Criteria - These secondary criteria represent a step in depth of competitive

evaluation which was taken if no clear-cut selection is available from the primary
criteria. Ratings of the candidate concepts against secondary characteristics are
relative assessments within cach area of consideration and, as in the implementation of
the primary criteria, cack candidate concept received a rating of from 0 to 100 for each
criterion. KEach rating was then multiplied by the weighting factors defined in Table 4-2
and these were added to obtain a total rating for each candidate concept.-A concurrent
review of both the primary and secondary evaluation results was then conducted. Those
concepts which scored relatively high in both evaluations were considered to have passed
the secondary evaluation; those that scored relatively low in both evaluations were
rejected and elminated from further consideration.

In any event, the secondary criteria were applied against all recommended concepts

to provide a systematic review of the overall acceptability of these selected concepts
and to ensure that these characteristics would not preclude their use., The secondary
criteria are listed as follows:

Vehicle Equivalent Volume - Equivalent vehicle volume is a volumetric measure
of the subsystem, expendables, recharge and/or regeneration equipment, power
penalty, heat rejection penalty, and special interface equipment, and is a ""second-
order" tool which provides an objective quantitative basis for evaluation,

AEPS Equivalent Weight - Since this criterion is directly considered in the
primary criteria of equivalent vehicle weight, the primary emphasis of weight
in the secondary criteria is the limiting factor of ability to handle, service,
move, replace, and/or install the equipment and the effect upon the total EVA
system (including AEPS, space suit, etc.) cenier of gravity.

Interface Compability - Thit is a measure of the ability of the concept ‘>
integrate with other subsystems or components, the crew, the space suit and
the vehicle without a severe penalty on the other areas. Because of the physical
and functional scope of an AEPS, an interface check is necessary to assure that
no unreasonable problems are encountered in eveniual integration of the AEPS
in the total mission/vehicle system.

Maintainability - Maintainability is a measure of the time required for checkout,
replacement ¢ expendables, regeneration of components or subsystems, cleaning,
and scheduled and unscheduled maintenance where such operations are required.
This assessment is made after a satisfactory design concept is evolved with
respect to performance, spares, redundancy, and modularity.

Cost - Cost is a secondary criterion since the mission must first be achicved.
If two or more competing concepts can achieve the mission, then cost differences
are considered as a significant basis for decision.

4-10
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SECONDARY CRITERIA WEIGHTING FACTORS

WEIGHTING FACTORS

CRITERIA
SPACE STATION | LUNAR BASE | MARS

VERICLE EQUIVALENT

VEHICLE 0.30 0.30 0.30

AEPS EQUIVALENT

INTERFAGE

COMPATIBILITY | 0.25 0.20 0.20

MAINTAINABILITY 0.20 020 |- 0.20
+— -

CoST o 0.1¢ 0.10

TABLE 4-2

4-11




4.1.5 Study Flow

The planned flow of the AEPS study is pertinent as an aid irn urderstanding the material
accumulated in this report and the discussion of the parameiric aata :a the subsequent
sections and volumes.

The AEPS study program consisted of the following four basic tr sks conducted in
accordance with the summary study logic diagram presented in r'igure 4-2.

a.

Study Plar and Specifications - The basic ingredients to a meaningful AEFS study
are the study plans and the AEPS specifications, The diverse nature of earth
orbital, lunar, and Martian applications required that seperate AEPS specifica -
tions be generated for each application. However, in the conduct of the study. a
greater emphasis was placed on the earth orbital and lunar base AEPS coafigura-
tions due to the higher probability of the occurrence of these missions and their
Yetter near-torm schedule prospects. In addition, the technology required for
development of a Mars AFPS could be a natural outgrowth of the Space Station

or Lunar Base AEPS,

Some of the obvious design parameters waich vary depending upon the type of
application and thus affect AEPS concept selection are:

Gravity environment

Ambient pressure

Epvironmental thermal model

Metabolic work rates

Life requirc nents

Resupply periods

Mating vehicle EC/LES configuration

Mating vehicle power source

9. Specific EVA mission work performance requirements
10, Nuinber of EVA hours per man per week

[ A

ax T

The goa. of these specifications was to be general guidelines representing the
probable trends for earth orbital, Lunar Base, and Mars landing missions in
the 1980's. Efforts were made fo remain flexible and to avod basing the
specification on one particular mission concept or one particular vehicle
configuration. This approach prevented an ultimate system that is too specific
to be used with more than one vehicle or for more than one type of EVA mission,
To support the specification generation effort, baseline EVA mission models were
established to define work performance tasks and required crew gkills; to
determine representative time allocations for these tasks; to define operational
procedures for donning/doffing, checkout, egress/ingress, rech..rge/regenera-
tion, etc.; and to define applicable interface areas. 1n addition, vehicle EC/1.8S
models were established to serve asguides to determine the AEPS recharge/

4-12
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regeneration capabilities of the vehicle. The vehicle mission models are based
upon Hamilton Standard's past contract efforts such as the Advanced Integrated
Life Support System {AILSS) program, and our present contract efforts on the
Space Station Prototype (SSP) program and with both of the Space Station Phase
B Prime Contractors., lhese EVA mission models and vehicle EC/LSS models
were continually recycled and revised during the study as the influence on the
AEPS concepts were determined.

Subsystem Studies - The first step in the subsystem definition study was the
preparation of suhsystem requirements for cach of thc major functional areas
of each configuration, Based upon these requirements, candidate concepts were
identified in each of the major subsystem areas (CO2 control/O2 supply, trace
contaminant control, thermal control/humidity control, and power). In areas
where in-house data was not complete, a literature survey was conducted and
industry contacts made, as required. Once all data was assembled and
candidate subsystem concepts identified, a preliminary evaluation was conducted
to screen out the candidates that are obviously noncompetitive. Performance
characteristics (such as flow rates, temperature levels and pregsure levels) of
the selected candidate subsystems were roughly determined and prelirainary
schematics and component lists generated. The candidate sthsystems were
then sized to mect the subsystem reguirements.

These subsystems were then compared against the go/no go evaluation criteria
(performance, safety,avaiiability and crew acceptability). U a concept was found
unacceptable, sufficient auxiliary equipment was added, if possible, to that
subsystem to meet the go/no go criteria. If a candidate concept could not be
made acceptable, it was removed from further consideration at that point.

A parametric analysis of the remaining candidate subsystem concepts was then
conducted. The following data was generated as required for comparison
purposes among the candidate subsystems:

1. Vehicle launch weight, including expendables, spares, recharge and/or
regeneration equipment, and checkout equipment, in addition to the basic
subsystem versus total mission duration.

EVA equipment volume versus EVA mission duration.

Vehicle launch volume versus total mission duration,

4, EVA equipment weight versus EVA mission duration.

[V
¢
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4.1.5 (continued)

The remaining candidate subsystems were then compared against the primary
criteria (equivalent vehicle weight, AEPS equivalent volume, reliability, opera-
bility and flexibility). Further equipment was added or the arrangements modified,
as required, to upgrade candidate subsystem concepts tnat were found to be un-
acceptable or inferior relative to the reliability and operability criteria. Of
course, the ussociated weight, volume, and power penalties were also reflected

in the parametric analyses. If a candidate concept could not be made acceptable,
or was still obviously grossly inferior to the other candidates, it was removed
from further consideration at that point.

If a clear cut choice still could not be made from the prima.'y criteria evaluation,
the remaining candidate subsystem concepts were compared against the secondary
criteria (equivalent vehicle volume, AEPS equivalent weight, interface compati-
bility, maintainability, and cost). As in the primary criteria evaluation, equip-
ment modifications were made to a candidate concept(s) to upgrade it relative to
the qualitative criteria (interface compatibility and maintainability) if it appeared
inferior to other competing concepts. Again, the associated penalties were re-
flected in the parametric analyses.

Based upon the results of the subsystem evaluations, a selection of the best
competing subsystems were made for each of the AEPS configurations, It is
significant to note that several subsystems that perform the same function were
recommended for further study on the system level.

In summary, the subsystem comparative evaluations continually attempted to
upgrad2 all candidate concepts to an equivalent level of acceptance as measured
by the qualitative criteria and thus permit final subsystem selections to be made
on a quantitative basis.

A

c. System Studies - After completion of the subsystem studies, a systems integra-
tion effort was conducted wherein the selected candidate subsystem concepts were
combined into several candidate baseline Space Station, Lunar Base, and Mars
Base AEPS systems. The systems integration effort evaluated and defined the
following elements that could not be fully evaluated on the subsystem level:

1, Subsystem interfaces (both functional and physical)

2. Instrumentation and controls

3. Thermal balance

4, Equipment power requirements

5. Humidity control

6. Method of heat transport to heat rejection system and associated coolant
flows

7. Trace contamination requirements

8. Suit and vehicle interfaces

4-16
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5 (continued}

The candidate baseline systems were then subjected to a comparative evaluation
utilizing the criteria defined in Paragraph 4, 1. 4 and the parametric results of the
subsystem studies. Results of the systems evaluation led to the selection of the
Space Station, Lunar Base and Mars Base AEPS baseline concepts. A baseline
concept is defined as a competitive AEPS concept for a given set of EVA mission
requirements and Mission/Vehicle constraints.

Prior to a final review and iteration of the AEPS baseline concepts, Hamilton
Standard reviewed with NASA the general specification and the evaluation criteria
to assure that both were still consistent with the objectives of the study and the

recults to date. Upon satisfactory completion of this task, a detailed performance

review and evaluation of the AEPS baseline concepts was performed, as required,
tc optimize system performance, Components and subsystems were resized,
as required, and system arrangements modified, if required.

The operational modes of each baseline concept were reviewed in detail to
simplify operational procedures. Specific emphasis was placed on:

1, Startnp, checkout, and shutdown procedures
2. Recharge and/or regeneration procedures
3. Maintenance procedures

A safety/reliability evaluation of each baseline concept was conducted and all
single point and sequential failures were eliminated. This analysis also formed
the basis for the selection of the AEPS instrumentation.

The interface compatibility of eacnh AEPS baseline concept was evaluated with
respect to the crew, the space suit, the vehicle and other EVA equipment,
Specific emphasis was placed on location of AEPS controls and displays, use of
mobile carts, use of the Time Independent Module/Time Dependent Module
(TIM/TDM) concept, partial and full integration of the AEPS into the space suit
and compatibility of the AEPS subsystems with vehicle EC/LSS subsystems.

The final AEPS system recommendations resuited from this total effort.

New Technology - After establishment of the AEPS baseline concepts, a portion

of the study effort was directed toward generation of a priortized listing of required

technology development activity to permit the AEPS recommendations to be
implemented.

4-17
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4.1.5 (continued)

The principal objectives of this effort were:

1. To provide confirmaticn of attractive concepts where, although feasibility

may have been demonstrated, development status and confidence is mar-
ginal.

2, To define problems and recommend approaches to solve these problems.

4.2 Phase Two Effort

4.2.1 General

The proposed study methodology for phase two was similar to the study methodology
used during the initial phase of the AEPS study. The general approach followed con-
sisted of:

a"

e,

Establishing the requirements of the systems and the criteris to be utilized in
making selections.

Conducting subsystem studies to screen, evaluate and select subsystem concepts.

Conducting system integration studies and formulating recommendations for
Shuttle AEPS configurations.

Conducting system integration studies and formulating recommendations for
Emergency Systems for:

Space Station AEPS
Lunar Base AEPS
Mars AEPS

Shuttle AEPS

Defining pacing technology areas and recommending approaches to solve prob-
lems within these areas,

A detatled summary of each step in the phuse two study flow is presented in Figure
4-3,

4~18
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4,2,2 Shuttle AEPS Systems

A major portion of the phase two AEPS study effort consisted of an ev.iluation of the
AEPS for EVA operations from Shuttle vehicles. This effort included (a) establish-
ment of specification requirements; (b) subsystem studies; and {c) system studies re-
sulting in Shuttle AEPS technology recormmendations.

4.2.2.1 Specification - Hamilton Standard initially prepared a Shuttle AEDS specifi-
cation. This specification served as general guidelines representing the probable
trends for earth orbital shuttle missions in the late 1970's and the 1980's. Efforts
were made to remain flexible and to avoid basing the specification on one pariicular
migsion concept or one particular vehlcle configuration, This approach prevents an
ultimate system that is too specific to L.e used with more than one type of vehicle or
for more than one type of EVA mission.

As a basis for this effort, Hamilton Standard used NASA's objectives, pertinent
publiched literature, and our EVA equipment and vehicle EC/LSS experierce as a
guide. Baseline EVA mission models were established to define work performance
tasks; to define operational procedures for donning/doffing, checkout, egress/in-
gress, recharge/regeneration, etc.; and to define applicable interface areas. In
addition, vehicle EC/LSS models were established to serve as gunides to determine
the AEPS recharge/regeneration capabilities of the Shuttle vehicle. The vehicle
mission models were based upon Hamilton Standard's Shuttle EC/LSS contract efforts
for the NASA Langley Research Center and with both of the Shuttle Phase B Prime
Contractors. These EVA mission models and vehicle EC/LSS models were recycled
and revised during the study as their influence on the AEPS concepts were determined.

4.2.2.2 Subsystem Studies - The first step in the subsystem definition study was the
preparation ol subsystem requirements for each of the major functional areas of the
Shuttle AEPS, Based upon these requirements, candidate subsystem concepts were
identified. In areas where in-house data was nct complete, an extensive literature
survey was conducted. QOnce all data was assembled and candidate subsystem con-
cepts identified, a preliminary evaluatior was conducted to screen out and reject

the candidstes that were obviously non-competitive. Performance characteristics
(such as flow rates, temperature levels and pressure levels) of the selected candidate
subsystems were then roughly determined and preliminary schematics and component
lists generated. The candidate subsystems were then sized to meet the subsystem
requirements,

These subsystems were compared against the go/no go evaluation criteria (performance,
safety, availability and crew acceptubilily). If a concept was found unacceptable,
sufficient auxiliary equipment was added, if possible, to that subsystem to meet the
go/no go criteria. If a candidate concept could not be made acceptable, it was re-
moved from further consideration at this point.

4-19
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4,2,2,2 (continued)

A parametric analysis of the remaining candidate subsystem concepts was then con-
ducted. The following data was generated as required for comparison purposes
among the candidate subsystems:

a. Vehicle launch weight (including expendables, spares, recharge and/or regen-
eration equipment, and checkout equipment, in addition to the basic subsystem)
versus total mission duration.

b. EVA equipment volume versas EVA mission duration.
¢. Vehicle launch volume versus total mission duration.
d. EVA equipment weight versus EVA mission duration.

The remaining candidate subsystems were compared against the primary criteria
(equivalent vehicle weight, EVA equipment volume, reliability, operability and flex~
ibility). Further equipment was added or the arrangement modified, as required,
to upgrade candidate subsystem concepts that were found to be unacceptable or in~
ferior relative to the qualitative criteria. Of course, the associated weight, volume
‘and power penalties were reflected in the paru.metric analyses, If a candidate con~
cept could not be made acceptable, or was still obviously grossly inferior to the
other candidates, it was removed from further consideration at this point,

If a clear cut choice could not be made from the primary criteria evaluation, the re-
maining candidate subsystem concepts were compared against the secondary criteria
(equivalent vehicle volume, EVA requipment weight, interface compatibility, main-
tainability, and cost). As in the primary criteria evaluation, equipment modifications
were made to candidate concept(s) to upgrade it relative to the qualitative criteria

if it appeared inferior to other competing concepts. Again, the associated penalties
were reflected in the parametric analyses.

Note that the primary and secondary evaluation criteria refer~nced above are the
same criteria developed during the phase one of the AEPS st 4.

Based on the results of the primary and secondary evaluations, a selection of the best
competing subsystems was made for the Shuttle ARPS, It is significant to note that

several subsystems that perform the same function were recommerded for further study
on the system level.
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4,2,2,2 (Continued)

In summary, the subsystem studies continually attempted to upgrade all candidate
concepts to an equivalent level of acreptance ag measured by the qualitative criteria.
Thus, final subsystem selections were made on a quantiative basis.

4.2,2,3 System Studies - After completion of the subsystem studies, a systems in-
tegraticn effort was conducted wherein the selected candidate subsystem concepts
were combined into several preliminary baseline Shuttle AEPS systems. The sys-
tems integration effort evaluated and defined the f¢llowing elements that could not be
fully evaluated on the subsystem level:

a. AEPS operating preasure level
b. Og supply subsystem pressure level

Contaminant control

€©

d. Humidity control

e. Equipment power requirements

f. Instrumentation

g. Controls and displays

h. Suit and vehicle interfaces

The candidate baseline systems were subjected to a comparative evaluation
utilizing the primary and szcondary evaluation criteria and the parametric results

of the subsystem studies, Results of this evaluation led to the firal baseline sche-~
matics.

The operational modes of each baseline concept were reviewed to simplify opera-
tional procedures. A safety/reliability evaluation of each baseline concept was con-
ducted to eliminate all single point and sequential failures. The interface com-
patibility of each baseline concept was evaluated with respect to the crew, the vehicle
and other EVA equipment.

The final Shuttle AEPS system recommendations resulted from this total effort.

4.2.3 AEPS Emergency Systems

S’ MR Bt

The remainder of the AEPS study phase two effort consisted of an evaluation of separate
emergency backup and/or redundant systems for the AEPS configurations selected
for Space Station, Lunar Base, Mars, and the Shuttle missions. This effort included

=

s o g
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4,2.,3 (Continued)

(a) establishment of the AEPS Emergency System requirements; (b) definiticn of
candidate AEPS Emergency Systems; and {c) determination of the effect of emer-
gency capability on the original AEPS selections and recommendations,

4.2,3.1 Emergency Sycrtem Requirements - Emergency system requirements were
established separately for each of the following AEPS configurations:

Space Station AEES
Iunar Base AEPS
Mars AEPS

Shuttle AEPS

As a basis for this effort, Hamilton Standard used the results of the phase ore AEPS
study effort, NASA's emergency philosophy for Apollo EVA missions and our oper-
ational EVA experience as a guide, Fstablishment of the emergency requirements
took into consideratior the issue of redundancy versus a scparate independent back-
up system,

4,2.3.2 Subsystem/System Studies - The methodology utilized ii the subsystem/
system studiee resulting in AEPS emergency system recommendations is similar to
that used for the Shuttle AEPS Sysiems. However, a re-evaluation o’ selection
criteria was required at thic onset of this cffort due to the nature and manner of use
of emergency systems (versus a primary life support system), The evalu-

ation criteria are presented in Figure 4-4 and the weighting of the comparative
criteria are presented in Table 4~3. The results of this tut. effort were emergency
system recommendations for each of the AEPS configurations referenced in Section
4.2.3.1,

4.2.4 Pacing Technology

After establishment of the Shuttle AEPS and AEPS emergency system recommenda-
tions, the study effort was directed toward generation of a priority listing of re-
quired technology development activity to permit **ese recommendatiors to be imple-
mented,

The principal objectives of this effort were:

a. To provide confirmation of attractive concepts where, although feasibility may
have boen demonstrated, development status and confidence is :narginal,

b, To define problems and recommend approaches to soive these problems.
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5.0 SUBSYSTEM STUDIES SUMMARY

5.1 Phase One Effort

5.1.1 General

To ensure that the results of this study were both meaningfui and useful for future
related efforts, Hamilton Standard adopted a broad-based approach to candidate
subsystem concept identification. The whole gamut of concept approaches was investi-
gated with a specific effort on our part to preclude any pre~judgement of concept value
prior to concept identification. Specific emphasis was placed in the areas of thermal
control and CO2 control/Og supply, as they represented the areas where the greatest
benefits could be derived through reduction of vehicle penalties and A EPS volume ard
weight.

Initial effort resulted in the identification of 55 candidate thermal control concepts
(Table 5-1), 21 candidate COg control concepts (Table 5-2), 14 candidate O2 supply
concepts (Table 5-3), and 3 candidate O2 generation concepts (Table 5~4). All of
these concepts were evaluated on a cursory bhasis and those that were deemed to be
"obviougly noncompetitive" were climinated. Of these original candidate concepts
identified and analyzed on a preliminary basis, 25 thermal control concepts and 19
combined COg control/Og supply concepts were carried into the go/no go evaluation.
These candidate concepts were subjected to the go/no go, primary and secondary
evaluations in consecutive order and in accordance with the procedure described in
Section 4,1. As a result of these evaluations, the three general thermal control
categories selected for further evaluation during the system studies are:

a. Expendable concepts utilizing water
b. Radiation
c. Thermal storage

One general COg control/Og supply category was selected for further evalu- ‘
ation during the system studies - a soliu regenerable sorbent combined

with a high pressure gaseous oxygea supply system. Two families of

solid regenerable sorbents were identified as candidate materials:

a. Metallic oxides
b. Solid amines

This section describes each of the subsystems recommended to be carried into
the systems studies and presents comparative parametric data.

5.1.2 Subsystem Descriptions

5.1.2.1 Thermal Control - The thermal control subsystem concepts recommended
to be carried into the systems integration phase of the AEPS study aia:

6-3/5-4




EQLDOUT FiRAME |

TABLE 5-1
THERMAL CONTROL COM

I. EXPENDABLES

-Water

[

Water Boiler

2. Super-Cooled Water Boiler
3. Super-Cooled Water Boiler with Vapor Regenerative Cooling
4. Water Sublimator
- 5. Super-Cooled Water Sublimator
6. Super-Cooled Water Sublimater with Vapor Regenerative Cooling
7. Plate Fin Flash Evaporator
8. Nonsteady State Pulse Feed Flash Evapnrator
9. Static Vortex Flash Evaporator ,
10. Turbine-Rotary Vortex Flash Evaporator
11. Motor-Rotary Vortex Flash Evaporator
12, Multi-Stage Flash Evaporator
13. Vapor Diffusion Through Suit Pressure Valves
14, Vapor Diffusion Through Water Permeable Membrarne

Hydrogen Peroxide (H202)

15.

H202 Dissociation into H20 & O2

Ammonia (NH3)

16,
17.

ﬁs Boller
NH3 Sublimator

Carbon Dioxide (CO2)

18,
19.

CO2 Boiler
CO2 Sublimator

Methane (CHy)

20,

CH4 Sublimator

nggenics

21,
22,

Cryogenic O2
Cryogenic H2

Feces/Urine Sludge

23. Evaporation of H20 From Feces/Urine Sludge
II. CONDUCTION ) '

24, Conduction Via the Lunar or Martian Surface
M. CONVECTION (MARS ONLY)

25. Free Convection

26. Forced Convection

217,

Hilsch Tube
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TABLE 5~1
AL CONTROL CONCEPTS

IV. RADIATION

Direct Cooling
28. LCG
29, Heat Pipe
30. Water Adsorption Utilizing —--
31, LiC1. 3H20
32, CaC1. 6H20
33. Molecular Sieve
34, Silica Gel
35, LiBr . 3H20
36, NagSe . 16H20

Indirect Cooiing

37. Vapor Compression Refrigeration Cycle Usmg Freon
38. Water Adsorption Cycle Using NH3

39, Water Adsorption Cycle Using LiBr

40. Brayton Cycle Using Air

V. THERMAL STORAGE

41, Ice

42, Subcooled Ice

43. Thermal Wax - Transit 86

44, Eutectic Salt - Sodium Sulphate (Na2SO4 . 10 H20)
45, Phosphonium Chloride (PH4Cl)

46. Hydrogen (H2) :

47. Lunar or Martian Rock

V. ENERGY CONVERSION

48, Thermoelectric
49, Thermionic
50. Thermodielectric

VII. HYBRIDS

51. Expendable/Radiati~n - Direct Cooling
52. Expendable/Radiation ~ Indirect Cooling
53. Expendable/Thermal Storage

54, Radiation/Thermal Storage

55. Thermal Storage/Water Adsorption
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TABLE 5-2
CO2 CONTROL CONCEPTS

EXPENDABLES

Solid Sorbents

1.

2.
3.
4.

Hydroxides
Superoxides
Peroxides
Ozonides

Liquid Sorbent

5.

Hydroxide Solutions

Open _Loop

6.

Purge Flow

REGENERABLES

Solid Sorbents

7.
8.
9.

10.

Activated Charcoal
Molecular Sieve
Metallic Oxides
Solid Amines

Liquid Sorbents

11, Carbonate Solutions
12, Liguid Amines
ELECTROCHEMICAL
13. Hydrogen Depolarized Cell
14. Two-Stage Carbonation Ceil
15. One-Stage Carbonation Cell
16.  Electrodialysis
17. Fused Salt
MECHANICAL
18, Simple Membrane Diffusion
19. Immobilized Liquid Membrane Diffusion
20, Mechanical Freezeout
21. Cryogenic Freezeout
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II.

II1.

Iv

TABLE 5-3
OXYGEN SUPPLY CONCEPTS

O9 STORAGE

-

[ I VL

Gaseous

Supercritical Utilizing Thermal Pressurization
Subcritical Utilizing Thermal Pressurization
Subcritical Utilizing Positive Expulsion

Solid

SOLID DECOMPOSITION

oo:‘la:

90
10.

Superoxides

Peroxides

Ozonides

Sodium Chlorate Candles (NaClOg)
Lithium Perchlorate Candles (1iClOy4)

LIQUID DECOMPOSITION -

11. Hydrogen Peroxide (H202)
12. Reactant Storage (N2 Hg4/N20y)
13. Reactant Storage (N2H4/H202)
ELECTROLYSIS
14, Water Electrolysis
TABLE 5-4
OXYGEN GENERA TION CONCEPTS
1. Solid Electrolyte
2.  Bosch Reactor/Water Electrolysis
3.  Sabatier Reactor/Water Electrolysis
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5.1.2.1 (continued)

a,

Water Boiler (Figure 5-1) -~ The water boiler was selected as repre-

sentative of expendable concepts utilizing the heat of vaporization or
heat of sublimation of water to provide tharmal control. The water
bniler utilizes the heat of vaporization of water to provide direct cooling
of the Liquid Cooling Garment (LCG) loop and vent loop. The wick-fed
boiler also acts as the storage vessel for the expendable water. The
expendable water boiling temperature is controlled by a back pressure
valve, which is either a temperature sensing or pressure sensing flow
control valve. Crewman comfort is achieved automatically by the
temperature control valve which controls LCG loop flow through the
water boiler. Water vapor in the vent loop is condensed in the water
boiler and removed by the water separator. This separated water is
then fed into the water boiler as expendable water, thus providing addi-
tional cooling capacity. A relief valve furtishes protection against
overpressurization due to storage temperature fluctuations, Recharge
is simply accomplished in the vehicle/base utilizing the water fill valve,

Although the water boiler is the lightest and most compact of the
recommended thermal control subsystems, its vehicle weizht and volume
penalties are two to three times that of any of the other recommended
thermal control subsystems.

Thermal Storage - Phosphonium Chloride (PH4Cl) ~ Thermal storage
utilizing PH4Cl is a self-regenerable thermal control concept and is
schematically depicted in Figure 5-2. PH4CI has the following known
properties:

Heat of Fusion - 324 BTU/Lb at 82°F

Specific Gravity - 1,7t0 2.0

Triple Point of 48 atmospheres at 82°F - See Figure 5-3.
Readily decomposes below 20 atmospheres at room tempera-
ture to phosphine (PH3) gas and hydrogen chloride (HCI) gas.
Since PHg is highly toxic, the thermal storage unit has been
concepted to minimize the probability of any failure resulting
in external leakage.

pae o

PH4Cl melts at 82°F. Since it is desirable to reject heat from the

oxygen ventilation loop and the liquid heat transport loop at approxi-

mately 50°F, a heat pump loop is required. The heat pump loop is a

vapor compression cycle using Freon as the coolant. Heat from the

oxygen ventilation loop and the liquid transport loop is added to the

Freon loop at the heat exchanger. The compressor pumps the A
evaporated Freon up to the saturation pressure equivalent to 82°F.
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5.1.2.1 (continued)

b.

A 150°F superheat temperature is actually achieved downstream of the
compressor due to compressor efficiency, which for the purposes of this
study has been assumed to be constant and equal to 36 percent. A

variable speed compressor is utilized to conserve battery power at low

load conditions and Freon flow is controlled electronically by feedback

from the pressure sensoi at the Freon heat exchanger outlet. The Freon

is cooled and condensed across the PH4Cl thermal storage unit by melting of
the PH4Cl. The Freon is then expanded across the variable orifice back to the
Freon heat exchanger inlet conditions., The variable orifice back pressures
fiow as a function of Freon heat exchanger outlet pressure and is electroni-
cally controlled by the pressure sensor located at the Freon heat exchanger
outlet. TL : Freon cycle is completed as the Freon passes through the heat
exchanger to be re-evaporated.

For the purposes of the AEPS study, two candidate PH4Cl thermal storage
configurations were concepted. A "tube bundle' configuration is shown in
Figure 5-4. The brazed tube bundle assembly consists of a fixed head, a
floating head, a tube bundle brazed to both heads, and three headers welded
to each head to form a closed pressure vessel. A fill port is provided on one
of the headers to permit initial PH4Cl charging. The exterior of the unit
consists of a curved rectangular shell with stiffening ribs (not shown), inlet
and outlet Freon ports, and a bolt flange and end cap. The fixed head of the .
tube bundle is clamped te the shell at the bolt flange. e

Freon gas enters the thermal storage uiit ot the inlet and then passes over the

tube bundle giving up the AEPS heat load by the heat of condensation and trang- oy
ferring it to the PH4Cl which in turn melts. Volumetric changes in PH4Cl are
accomrodated by the flcating feature of the tube bundle which eliminates any

damaging stresses due to expansion and contraction.

If leakage of PH4CI should onccur, it will only leak into the Freon loop. This
would create a change in the Freon design point which would be quickly noticed
due to a change in performance of the AEPS ¢thermal control subsystem. Cor-
rective action would then be taken immediately .

This configuration has a high packaging efficiency because of its dense tube
bundle arrangement and could be utilized for structural integ.ztion into the
AEPS forming a monocoque construction,

The second concept is pictured in Figure 5-5 and is essentially threz (3)
"tnermos" bottles connected in parallel with helical tubes containing Freon
running through the center. The internal pressure vessel contains the PH4CI.
Not shown, but probably required, are internal fins to maintain uniform heat
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5.1.2,1 (continued)

transfer within the melt. A vacuum is maintained between the internal and
external vessel. A pressure gage monitors vacuum pressure and would,

therefore, sense any leak of PHyCl. Expansion clearance at the two end cap

mounting bosses permits expansion and contraction of the internal vessel.

Hamilton Standard conducted an extensive literature and industry survey
in an attempt to find materials with a heat of fusion graater than that of
water and with a melting point between 50 to 150°F. PH4Cl was the
only candidate material identified, After reviewirg the pertinent litera-
ture and the properties of PH4Cl specifically, it was concluded that
there might be a farmn.ly of high pressure/high heat of fusion materials,
According to the Clapeyron Relatior, Johnston's Empirical Rule (JACS,
Volume 34, Page 788, 1912), and Othmer's Method (Ind. and Eng.
Chem., Volume 32, Page 841, 1240), the heat of fusion of a materiai

is a function of:

a. Op _ of the solid/liquid line on the triple point curve
ot
b. 2 v (change in specific volume from solid to liquid)

T, Melting Point Temperature

Utilizing these relationships as a base, synthesis of materials with a
high heat of fusion and a melting point within a given temperature range
is a distinct possibility. Applied research and development toward this
goal is required.

Expendable/Thermal Storage ~ PH4Cl (Figure 5-6) - This hybrid concept
is a combination of the water boiler and the PH4Cl thermal stcrage
concepts. Hybrid concepts are utilized in an attempt to get the best of
two worlds ~-- the low AEPS volume and weight associated with the
expendable water boiler concept and the minimum vehicle penalty associ-
ated with the PH4Cl thermal storage concept. The water boiler is
connected in parallel with the thermal storage unit via a temperature
control valve, The temperature control valve selects what percentage
of the heat load from the liquid heat transport loop is shared by each
subaystem, the intention being that the PH4Cl thermal storage unit

can handle the average AEPS heat load and the water boiler handle

peak loads. By doing this, compressor power and expendable water

are minimized.
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5.1.2.1 (continued)

The water boiler provides humidity control by cooling the oxygen vent
lonp and condensing the entrained moisture. The condensate is then
separated from the oxygen vent loop by the water separator and fed
back into the water boiler to provide additional cooling capacity. This
system is flexible in that it can be sized for a multitude of thermal
load sharing combinations.

d. Expendable/Direct Radiative Cooling (Figure 5-7) - This hybrid con-
cept consists of a water boiler and a low temperature radiator
connected in parallel through the temperature control valve, The
liquid heat transport loop is directly cooled in the radiator. The
temperature control valve selects the percentage of the AEPS heat
load shared by each subsystem, The radiator is a rate limited
thermal control device and is sized to handle the total AEPS thermal
load for a "dark side' mission, thus radiatcr size and water expended
in the boiler are minimized, The water boiler handles all excess
thermal loads.

Humidity control is provided by a condensing heat exchanger and a

water separator which feeds the separated water to the water boiler

to provide additional cooling capacity. For low load conditions, a

variable area device is utilized to prevent overcooling of the liquid

heat transport loop. Since this concept is a low temperature radia-

tion concept, it is more applicable to a Mars application than a Lunar

Base application because of the smaller solar constant of Mars -~ 192

versus 442 BTU/Hr-Ft2, Due to the radiator size and configuration,
a deployable concept may be required to permit the crewman to egress ‘
and ingress from his vehicle or base. To prevent surface degradation

of the radiator due to dust, meteorites, and/or operational wear,

planned maintenance may be required. This concept is not competitive - -

for Space Station.

e. Expendable/Radiator (Figure 5-8) - This hybrid concept consists of a
water boiler and a high temperature radiator connected in parallel
through the temperature control valve. The liquid heat transport loop
is cooled indirectly by an intermediate vapor compression loop utilizing
Freon as a working fluid. ‘The radiator is sized to handle the total
AEPS load for a "dark side" mission and the water boiler handles all
excess thermal loads. Radiator area {s minimized by rejecting heat
at 180°F at the erpense of compressor power.
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5. 1,201 (continued)

Since it is desived to operate the radiator at an oullet temperature of

18307 1 to minimize radiator grea, the vapor compression loop is required to
pump the Freon up to the saturaiion pressure cquivalent to 180°F from a
Freon evaporator temperature of 50°F,  Heat is added to the evaporator by the
heat of vaporization of I'reon, The compressor then pumps the Freon up to
a saturation pressure equivient of 180°F and a super heat temperature of
350°F, This temperature rasults from an assumed compressor efficicnoy
of 36%. A variable speed cc,apressor is utilized to conserve baltery power
at Iow load conditions and is controlled electronical!r by feedback from the
pressure sensor at the Freon evaporator outlet. The Freon is cooled and
condensed across the radiator by radiation Lo space. The Freon is then ex-
panded across the variable orifice back to the Freon evaporator inlet condi-
tions. The variable orifice back pressures flow as a function of Freon heat
exchanger outlet pressure and is electronically controlled by the pressure
sensor localed at the Freon gvaporator outlet. The cyele is completled as
the Ireon passes through the heat exchanger to be re-evaporated.

Because of its higher radiatipn temperature and small radiator size, this
coneept is applicable to Space Station as well as Lunar Base and Mars. How-
ever, a deployable radiator configuration may still be required to permit the
crewman to egress and ingress from his vehicle or base. Similar to the
Expendable/Direct Radiative Cooling concepl, planned maintenance may be
required to prevent radiator surfaze degradation due te dust, meteorites and/
or operational wear.

In summary, the expendable water bojler aoncept does not meet the intent ¢f the AEPS
studv -- to develop regenerab!c or partially regenerable subsystems to minimize
vehicle impact. However, the remaining four concepts discussed in this section are
all viable candidate concepts for utilization in an AFPS-type system. To achicve the
performance projected in this report, state-of-the-art advancemenrts are required Lo
develop thermal storage materials whose heat of fusion exceeds 300 BTU/Lb and melts
between 50 and 150°F, In addition, design/development improvements are required
10 obtain a lightweight, deployvable radiatoy configuration with optimized surface
coatings/treatments to enable it to meet the AEPS requirements,

5.1,2.2 COg Control/Og Supply - The COg control/O3 supply subsystem concepts
Trécoinmended to be carried Into the systems integration phase of the AEPS study are
described below, All of the concepts utilize a high pressure gaseous O2 supply system.
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5.1.2,2 (continued)

a.

Zinc Oxide - Vehjcle Regencrable (Figure 5-9) - Metallic oxides such
as zinc oxide (ZnO) react with CO, according to the following reversible
reactions:

a. MO+CO, === MCO;+Q

b. MO+ H,0 IZ====—== M(CH),

€. M(OH), +CO, ————>=— MCOg + H,0

Although the adsorption of equation (a) is known to eccur, sorbent
capacitizs and rates of reaction are significantlysimproved in the pre-
sence of water vapor thus leading te the possibility cf the combined
reactions described in equations (b) and (c).

The equilibrium pressure cur~es shown in Figure5-10indicate that the
carbonate readily decomposes with increasing temperature and, in some
cases, may be solely vacuum regenerzhl<, The reported deta in the
literatu—e for pure compounds indicate that an activatjon energy of 39
to 400°F super aeat may be reguired to promote rapid desorption,
However, initial work with silver oxide indicates that catalysts are
effective in reducing this requirement,

EQUILIBRIUM PRESSURE COy (MM Hp)

& Q™
A o
7 /
n' T LA l T R T T
0 % 0 "w 0 1900 1.200 14

TEMFERATURE (%F)

FIGURE 5- 10. EQUILIBRIUM PRESSURES — REGENERABI.E CO2 SORBENTS
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5.1.2.2 (continued)

a.

Excessive volume change during the adsorb/desorb cycle affects the chemi-
cal's physical stability and is a prime consideration in any future design and
development effort. For the purposes of the AEPS study, twe candidate
vehicle regenerable ZnC caaister/cartridge configurations were concepted.
One concept shown in figure 5-11 is a ""screen pack'' configuration and it
consists of a rectangular canister into which are inserted four metal oxide
screen packs containing the ZnO. The canister has inlet and outlet water
headers, an inlet oxygen header, an outlet oxygen header, parallel flow
water coolant coils supported by perforated sheets, and ZnO screen pack
supports brazed in place. In addition, an access cover for the ZnO screen
packs is clamped and hinged to the open side of the canister and is sealed
with a "face'' seal. The oxygen inlet header is mounted on the access cover,
Preload rubber padding holds the screen packs firmly in place.

Tre screen packs are consiructed of a sandwich construction consist-
ing of fine mesh screen, felt padding to prevent dusting, and a channel
enclosure to hold the assembly together. A handle is provided to
facilitate insertion and removal, Fairly large changes in bed v ilume
can be accommodated with this approach,

The gas flow is both through and around the screen packs. For flow
arouvnd the screen packs, COg i8 removed by diffusion into the ZnO
bed; for flow ‘hrough the s¢reen packs, COg is removed by direct con-
tact with the ZnO bed. In this vehicle regenerable configuration, the
Zn0 is packaged in a screen pack which is replaced and regenerated
after each EVA mission. An overn/vacuum chainber is provided within
the vehicle/base for regeneration. An advantage of the vehicle regen-
erable configuration is that it prov.des the option for either venting the
desorbed COg to the ambieat cavironment or collecting the desorbed
COy and feeding it into the vehicle/base Environmental Control/Life
Support System (EC/LSS) for COg reduction ard Oy reclamation.

Other advantages of this concepi include visual inspection of the packed
bed before and after each use and simple replacement should it be
required; and a long available regeneration period which minimizes

the requirement ror a desorption catalyst(s) wiich may be required for
the cyclic AEPS regenerable concept.

Although cooling coils are included in this configuration, the require-

ment may be minimal because of low heat generation rates. Following
are typical heat generation rates. Lithium hydroxide (LiOH) has been

included for purposes of comparison.
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.1.2.2 (continued)

],

Zn0 + COg ———3= ZnCO5 *+ 696 BTU/Lb of COp
MgO + COg ——a= MgCO3 + 1153 BTU/Lb of COy
2 LiOH + CQOg ——a= LigCOg + Hg0 (g) + 827 BTU/Lb of COy

The increased temperatures that would result by nct cooling may
actually raise the scrbent capacity by promoting chemisorption. How-
ever, the final dztermination of the interacting eff>cts of bed tem-~
perature and water vapor upon sorbent capagity must be determined
by test.

Another vek:cle regeneiable ZnO concept shown in figure 5-12 utilizes a
radial flow canister. The canister is a cylindrical assembly consisting of a
shell, a bolt flange for mounting the cartridge end cap, and a manifold of
water and oxygen inlets and outlets. Flow enters the cartridge through the
center perforated tube and flows radially outward through the perforated tube,
a particulate filter, the ZnO bed, another particuiate filter, a mesh screen
and out the canister outlet. The particulate filters provide an even flow dis-
tribution as well as preventing dusting. COo is removed in the ZnO bed.
Coolant tubes are brazed to the cartridge coolant manifold and bed cooling

is providad by a combination of conductior through the bed and gas convection,

Vehicle regeneration of this concept is achieved by exposing the gas pas-
sages of the canister to vacuum and flowing superheated steam through the
coolant tubes as shown in figure 5-13, This is accomplished without remov-
ing the canister or the cartridge from the AEPS by first isolating the gas
passages of the canister by closing the isolation valves and exposing these
gas passages to vacuum; then a vehicle steam source is connected to the
coolant line and steam is circulated throughout the canister. Steam does

not flow through the remeinder of the liquid heat transport loop because the
positive digplacement water pump in the liquid heat transport loop dead heads
this loop when it is not operating.

For purposes of the AEPS si.dy, both vehicle regenerable metallic
oxide concepts were sized based upon a bed loading of 50% of the
theoretical capacity.

Zinc Oxide ~ AEPS Regenerable (Figure 5~14) - A variation of the
vehicle regenerable metallic axide concept considers a cyclic or
AEPS regenerablc configuration, Two beds, similar in design to
that described for the vehicle reger.erable system, are provided,
each containing electrical elements for regeneration and a cooling
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5.1.2.2 (continued)

bh.

loop to cool the regenerated bed and maintain temperature control
during EVA operation. A timer is provided to sequence the vent loop
and coolant loop valves to allow the vent loop and coolant loop to flow
to the on stream bed and to heat and expose the regenerating bed to
space vacuum, This concept operates on a thirty (30) minute half-
cycle,

Since the desorbed C0Og is vented to ambient, this AEPS regenerable
concept requires no functionzl interface with the vehicle/base EC/LSS
for regeneration. However, it also does not allow for collection and
reduction of the desorbed COy for eventual O, reclamation.

For purposes of the AEPS study, each of the AEPS regenerable ZnO
beds are sized based upon a bed loading of 25% of the theoretical
capacity.

Solid Amine - AEPS Regenerable (Figuie 5-15) - A thin coating

of an amino compound is deposited on an inert carrier to form the
stable adsorbent bed used in this concept. Three (3) sets of reactions
occur in the adsorbed film:

® Primary Amino Groupeg

(1) RNHy + HyO ———>= RNHg OH
(2) RNH3OH + COg ===z RNHgz* HCO3

® Secondary Amino Groups

(3) RgNH + Hp0 Z—— RgNHp0H
(4) RaNHy OH + CO2 == RpNH°HCOg

® Tertiary Amino Groups X

(5) R3N + HgO ——== R3NHOH

(6) RgNHOH + COy —>= R3NH*HCOz
3 —~— B3

L

Experimental effort has shown that equation (1) is not reversed during
regeneration and equation (6) does not proceed to any substantial degree,

PO
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5.1.2.2 {(continued)

The current available solid amine COg sorbents possess an affinity for water
vapor which is compatible with vehicle or base EC/LSS requirements of one
(1) pound of water per pound of COg produced. This level of removal would
exceasively dehumidify the AEPS ventilation loop since the water generation
rate {(from exhalation and perspiration) of a suited crewman utilizing a Liquid
Cooling Garment (LCG) is approximately one~half (1/2) pond of water per
pound of CO2 prodiuced. Excessive dehumidification could not only cause
crewinan discomfort, it will also reduce the sorbent's capacity for CO2 re-
moval.

This problem has been recognized and solutions have been proposed oa the
Regenerable COg and Humidity Control System Program being conducied by
Hamilton Standard for the NASA Manned Spacecraft Center wherein the pro-
per balance and quantity of each of the three (3) aminc groups can be deter-
mined to obtain the desired ratio of COg and water vapor adsorpiion as well
as total bed capacity.

For the purposes of the AEPS study, two candidate AEPS regenerable solid
amine canisters were concepted. One concept in which the solid amine is
packaged within the flow passages of a plate-fin matrix (similar in design to
an extended surface compact heat exchanger) is pictured i: figure 5-16. The
brazed plate-fin matrix consists of four alternating flow passages (twn adsorb-
ing and two desorbing) separated by closure channels and parting sheets. Heat
is transferred from the adsorbing passages to the desorbing nassages via
sheared rcctanz-iar fins which are configured to prevent gas flow channeling.
Each header is equ:pped with a mesh screen and preload padding to facilitate
bed charging and to provide a positive preload on the bed.

Utilization of alternate flow nassages containing adsorbing and desorbing
material results in an isothermal adsorb/desorb process. Energy released
from the adsorting passages is transferred by conduction through the metal
matrix to the desorbing material to supply the requirements of the _ndother-
mic desorption. This concept neither imposes a thermal load on the AEPS
thermal controi subsystem nor requires additional energy for regeneration.
In addition, it also provides humidity control,

The second concept is the same as the plate-fin matrix concept except the
sheared fins are replaced with pins (bent wire) and is pictured in figure 5-17.
This pin-fin arrangement improves prevention of gas flow channeling but may
be more difficult to charge.
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5.1.2.2 (continued)

c. For the purposes of the AEPS study, each =- the AEPS regenerable
solid amine beds are sized based upon a 2% COg removal capacity
by weight (weight of CO2 removed/weight of amine plus carrior).
A timer and valving is provided to cycle the packed beds from the
on-line adsorb to the space vacuum desorb cycle. This concept
operates on a fifteen (15) minute half-cycle.

As 18 the case with the AEPS regenerable ZnO concept, this concepy
requires no functional interface with the vehicle/base EC/LSS for
regeneration, However, it also does not allow for collection and
reduction of the desorbed COg for eventual Op reclamation.

In summary, the three COy control concepts discussed in this section are all viable
candidate concepts for utilization in an AEPS-type system. However, to achieve
the performance projected in this report, state~of-the-art improvements through
applied research and development are required.

5.1.3 Subsystem Parametric Data

After completion of the primary and secondary evaluations, the AEPS specification
requirements for each of the three missions - Space Station, Lunar Base and Mars
were reviewed and updated to reflect the latesi mission projections. Based upon
these updated specification requirements, the original parametric analyses of the
recommended subsystem concepts were reviewed and updated, ¢s required. The
following parametric data is presented for each of the three missions for all of the
recommended thermal control and COg control/Oy supply subsystems:

a. Vehicle equivalent weight versus total mission duration.

b. Vehicle equivalent volume versus total mission duration,

c. AEPS equivalen! volume versus EVA mission duration.

d., AEPS equivclent weight versus EVA i ‘ssion duration,

e. Accumulated resupply launch weight versus number of resupplies
(Space Station and Lunar Base only).

The updated parametric analyses are presented in the following figures,
® Thermal Control for Space Station AEPS - Figures 5-18 through 5-22.

® Thermal Control for Lunar Base AEPS - Figures 5-23 through 5-27,
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5.1.3 (continued)
®  Thermal Control for Mars AEPS - Figures 5-28 through 5-31.

® CO2 Control/Og Supply for Space Station AEPS - Figures 5.32 through
5-36.

® COg Control/Og Supply for Lunar Base AEPS - Figures 5-37 through
5"410

® COg Control/Og Supply for Mars AEPS - Figures 5-42 through 5-45.
Note that the accumulated resupply laun~h weight versus number of resupplies para-

metric data indicates that COg reduction only trades off favnrably when there are
three or more resupplies,
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5.2 Phase Two Effort

5.2.1 General

The subsystem studies effort conducted during phase two utilized the results of the
phase one effort as a baseline. OQur experience during phase one permitted us to be
more discriminating in the selection of candidate subsystem concepts to be carried
into the shuttle AXPS and the emergancy system go/no go evaluations. This section
describes each of the shuitle AEPS subaystems and emergency system subsystems
to be carried into the system studies and presents comparative parametric data.

5.2.2 Shuttle AEPS

5.2.2.1 Oy Supply - The Og supply subsystem concept recommended to be carried
into the systems integration phase of the shuttle AEPS study effort is a 6000 psi
gaseous O storage concept. This concept requires shuttle storage of precharged O2
supply subsystems. Each subsystem contains a charged 6000 psi O3 bottle, pres-
sure regulator, pressure gage, fill fitting, shutoff valve: and low pressure disconn-ct,
After each AEPS EVA, the expended or partially expencied Og storage subsystem is
removed and replaced with a fresh unit, However, this recommendation wili be
examined on the systems level and, in the event that Og supply subsystem replacement
is not acceptable, vehicle rechargeable 900 psi gaseous storage will be considered.
Both of these concepts are pictured in Figure 5-46. Other O2 supply concepts con-
sidered include NaC103 candles (described in section 4.2, 1,1 of Volume II) and

flush flow and O2 makeup umbilicals.

5.2.2,2 Thermal Control - The thermal control subsystem concepts recommended to
be carcied into the systems integration phase of the shuttle AEPS study efiort are:

a. Water Boiler -~ This concept is described in section 5.1.2.1 (a)
of this volume.

b. Water Sublimator (Figure 5-47) - The water sublimator is an
expzndable thermal control concept that utilizes the heat of sub-
limation to provide direct cooling of the Liquid Cooling Garment
(LCG) and ventiiation loops. The sublimator is a porous media
heat exchanger wherein the downstream side of the porous media
is subjected to a hard vacumm and the upstream side is supplied
with expendable water, Upor startup, the sudden drop in pressure
across the porous media ireezes the expendable water within the
vorous medla., The addiilion of heat from the LCG and vent loops
sublimes the ice on the vacuum end of the porous media and thus
the thermal load is rejected to space. The sublimator is supplied
expendable water from a pressure-fed biadder tank which is pres-
surized by the vent loop.
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5.2.2,2 (Continued)

Although recommendation of both the expendable water boiler and water sublimator
concepts does not meet the intent of the AEPS study (. ..to develop regenerable or
partially regenerable subsystem to minimize vehicle impact), those candidate sub-
systems which are regenerable or partially regenerable are uncompetitive due to the
short duration of the projected shuttle missions together with the relatively small
number of planned EVA excursions.

5.2.2.3 COg Control/Og Supply - The COg control/Og supply subsystem concepts
recommended to be carried into the systems integration phase of the shuttle AEPS
study effort are listed below, All of the concepts utilize a 6000 psi Og s:1pply sub-

gystem,

Lithium Hydroxide - LiOH (Figure 5-48) - Lith.um hydroxide, a non-
regenerable soild absorbent, is packaged in replaceablz cartridges
which also may contain a particalate filter and activated charcoal for
trace contaminant control. The LiOH contains 4 to 8% water and must
be stored in protective containers in a temperature controlled enviror-~
ment to ensure maximum performance.

After each use, the cartridge is replaced in the canister regard'ess
of the total time or use rate accumulated on the unit. This procedure
ensures a fully operational charge for each missicn buc has a built-in
unrecoverable waste whict. is the unused portion of tk> absorbent plus
the cartridge (unless the used cartridge is then utilized in the vehicle
ECS). In use the vent loop returning from: the astronaut is directed
to the LiOH where the following reacticns occur:

LiOH + Hy0(g) —- - LIOH-Hg0
2 LiCH Hg0 + COy ——a Li2COy + SH20(g)
2 LiOH + COg o LiCOg + H20(g)

As a result of these reactions, ensr 2y and water vapor are added to the
gas stream and are, in turn, reraoved by the thermal/humidity control
subsystem. Outlet CO2 concentration remains near zero for almost
80% of the useful life, thus p:oviding the astronaut an extremely low
time-averaged CO2 atmosphere. The curves gepicted in Figures 5-61
through 5-64 are based on a LiOH utilization efficiency of 53% at an
average metabolic load of 1050 BTU/hr.

111 -V ! - This concept is described in
section 5.1.2,2(a) of this volume.
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5.2,2.3 (Continued)

¢. Metallic Oxide - AEPS Regenerable - This concept is described in
section 5, 1.2, 2(b) of this volume.

d. Solid Amine - AEPS Regenerable - This concept is described in
section 5. 1.2, 2(c) of this volume.

5.2,2,4 Shuttle AEPS Subsystems Parametric Data - After completion of the primary
and secondary evaluations, the shuttle AEPS specification requirements were reviewed
and updated to reflect the latest mission projections. Based upon these updated speci-
fication requirements, the parametric analyses were reviewed and updated, as re-
quired. The following parametric data is presented for the shuttle mission and con-
tains the recommended Og supply, thermal control and combined COgy control/Og
supply subsystems:

a, Vehicle equivalent weight versus total mission duration.

b. Vehicle equivalent volume versus total mission duration.

¢. AEPS equivalent volume versus EVA mission duration.

d. AEPS equivalent weight versus EVA mission duration.

The shuttle AEPS subsystems parametric analyses are presented in the following
Figures.

® 09 Supply - Figures 5-49 through 5-52
e Thermal Control - Figures 5-53 through 5-60

® COg Control/Og Supply ~ Figures 5-61 through 5-84
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5.2.3 Emergency Systems

5.2.3.1 Thermal Control - The thermal control subsystem concepts recommended
to be carried into the systems integration phase are:

Shuttle/Space Station

a. Water Boiler

b. Water Sublimator
Lunar base/Mars
a. Water Boiler
b. Water Suhlimator
c. Expendable/Thermal Storage-PH4CI*
d. Expendable/Radiation~-Heat Pump*

*Denotes a redundant primary system concept

A parametric analyses containing the above recommended subsystems together with
all other candidate concepts considered are presented in the following Figures.

e Thermal control for Space Station/Shuttle Emergency Systems - Figures
5-85 and 5-86

e Thermal Control for Lunar Base Emergency Systems - Figures 5-87 and
5-88

e Thermal Control for Mars Emergency Systems - Figures 5-89 and 5-90
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5.2.3.2 COsg Control/Og Supply - Due to the overall systems implications of some
of the candidate COq control/Oz Oply concepts (specifically the open loop and semi-
oven loop concepts), final subsystem recommendations were postponed until the sys-
tems studies. However, a parametric analyses of the candidate concepts are pre~
sented in the following Figures for informational purposes. Those COy control and
Og supply subsystem which appear in the parametric analyses but are not discussed
elsewhere in this volume ma; be found in Volume 1I - Subsystem Studies.

® COg Control/Og Supply for Space Station/Shuttle Emergency Systems -
Figures 5-91 and 5-92

e COg Control/Og Supply for Lunar Base Emergency Systems - Figures 5-53
and 5-94

e COy Control/Og Supply for Mars Emergency Systems - Figures 5-95 and
5-06
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6.0 SYSTEM ST1UDIES

6,1 General

After completion of the phase one subsystem studies, a syatems integration effort was
conducted wherein the recommended subsystem concepts were combined into several
candidate baseline Space Station, Lunar Base and Mars AEPS configurations. The
systems integration effort evaluated the following el2ments that cnuld not be fully
evaluated on tie subsystem level:

AEPS Operating Pressure
Oxygen Storage Pressure Level
Contaminant Control

Humidity Control

Power Supply

Instrumentation

Controls and displays

Suit and vehicle interfaces

.

gm0 oW

In addition, the Lystems integration effort evaluated th.- runcdonal and plyssical inter-
faces of the recommended thermal control and COg control /Oy supply sunsystems.
The candidate A EPS baseline configurations were then subjected to a comparative
evaluation utilizing the primary and seconda.yv evaluation criteria definec in Section
4.0, Results of this evaluation led to the selection of the Space Station, Lunar Base
and Mars AEPS baseline concepts. A baseline concept is Jdefined as a competitive
AEPS concept for a given set of EVA mission requirements and Mission/Vehicle
constraints.

The phase two system studies utilized the systems integration eifort conducted dur-
ing phase one as a basis for the determination of a shuttle AEPS beseline concept and
the Space Station, Lunar Base, Mars and Shuttle Emergency System baselines.

This section discusses each of the task: investigaied and eviluated in the conduct of
the systems integration effort and presents the AEPS baseline concepts and the
emergency system ba aline concepts,

6.2 Systems Integraticn

6.2.1 AEPS QOperating Pressure

Selection of a suit pressure level is dependent upon the physiological and operational
constraints imposed on the crewman and his equipnient by:

a. Denitrogenation requirements prior to decompression.

b, Cxygen toxicity.
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6.2, (Continued)

The objeciive of this task is to establish an acceptable suit operating pressure level
and an EVA mission pressure timeline for the use of a one-gas (pure oxygen) EVA
Life Support System operating in conjunction with a two-gas (oxygen: nitrogen) Space
System, Lunar Base, Mars Excursion Module or Shuttle vehicle. To be considered
wcceptahle, the selected pressure level should eliminate or require a minimum of
prebreathing, yet not adversely affect the crewman or his performance., This section
presents a summary discussion of decompression sickness and oxygen toxicity and
their poteuntial effect upon EVA. A more detailed discussic of AEPS operating press -
ure level is found in Volume II.

6.2.1.1 Decompression Sickness - The problems associated with safely transporting
man from 2n area of high ambient pressure {o an area of lower ambient pressure
have had a significant effect upon both system desizgn and mission performance for
caisson workers, divers and aviators for many years. The origin of the problem is
tow-fold: (1) trapped gas in body cavities, i.e., middle ear, sinus, intestines, etc.;
(2) dissolved gases in "“ody tissues, i.e., fat, muscle, etc. The probleras resulting
from trapved gases can be minimized vie controlled diet; good health, specifically

of the ear, nr..e¢ and throat; and adecuate venting of body cavities during the decom-
yression. 1., ppeu gas i€ not considered of any significance with regard to the AEPS
desig tud . "The dissolved gases, however, represent a far moie serious problem
vith re gard to the design of the AEPS.

During normal activities, the body becomes saturated with nitrogen (and/or other
inert gases), so that in each tissue and fluid of the body sufficient nitrogen is dissolved
to produce a partial pressure of gas equal to that in the surrounding atmosphere. If
the pressure of the environment is reduced, there will be a nitrogen tension gradient

i .cween the body tissues and the pulmonary alveolar (i.e., lung) air and, as a result,
£ .rplus nitrogen will be exhalt 1. However, with a sufficient reduction in environ-
mential pressure, tissues which were saturated at a sea level equivalent pressure and
thus are in a state ¢. supersaturation will release these gases to farm hukbles. This
supersaturation will, for any given rate and magnitud= of pressure change, be great-
est in those tissues with the least blood supply and with the greatest dissolved nitrogen
content. These bubbles, by either direct pressure or indirect action, give rise to the
signs and symptoms of decompression sickness. The effects of decompiession sick-
ness range from mild discomfort to incapacitation and death.

The various factore which can affect the occurance of nitrogen sickness are age, body
type, 1r«te cf pressure change, initial pressure level, iinal pressure level, exercise
and 2qualiy important, the susceptibility of the particular individual {o decompression
sickness (bends).

6-4
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6.2.1.1 (Continued)

Protection from decompression sickness is altzcted by controlled nitrogen elimination
from the body. This can be accomplished in wwo ways: (1) staged or uniform decom-
pression, which is a very time consuming procediire allowing the body to wash out

the nitrogen at a rate which is consistent with the capacities of both the lungs and the
blood; (2) accelerating the washout by pre-breathing oxygen at the initial equilibration
pressure for a specified time. Of the two choices, only pre-breathing oxygen prior to
the decompression is feasible for aerospace missions due fo the time involved. One
of the most recent approaches to predicting required pre-breathing times is based
upon a theoretical correlation with representative physiological test data and is sum-
marized graphically in Figure 6-1. This analyisis is based upon equations derived

to explain a theory of the time dependency of the body's nitrogen elimination mechan-
isms and exhibits a close correlation with actual experience in both military and
civilian aviation (i.e. . flight and altitude chamber testing).

The application of this pre-breathing data in light of the various physioligical contrib-
ution factors mentioned above, and the limitations of the final AEPS working pressure
to an equivalent pressure altitude below the "bends-level' (approximately 20, 000 feet
or 6. 75 psia) should minimize the occurrence of décompression sickness during AEPS
operations. A reduction in the total base operating pressure from the current 14,7
psia Space Station level to the 10. 0 psia level will provide higher confidence and poss-
ibly reduce the pre-breathing requirements.

6.2.1.2 Oxygen Toxicity - The problems associated with maintaining man in an envir-
onment which includes a higher than normal P02, i.e., greater than 3. 074 psia (159. 0
mm-Hg) are considerably more complex and less quantitative in terms of definite
limits than the problem of nitrogen sickness. In general, oxygen toxicity in man has
been characterized by various types of symptoms, primarily involving either the cen-
tral nerveus system response, a cardiopulmonary response, or a hematological res-
ponse (i.e., changes in blood properties), or various combinations of the three.
Present information availakble on the specific signs and symptoms of oxygen toxicity,
their relative time of onset, and the net long term effects, is primarily based upon
military air crev experience, midical applications, limited space flight data, and

a very limite d number of controlled manned tzsts, This data is best summarized
graphically in Figure 6-2.

The data shown clearly indicates that symptoms similar to those used clinically to
describe oxygen toxicity are observ:d at partial pressures of oxygen well below the
generally accepted toxic level of 425 mm~Hg previously established. This graphic
presentation of the data does not (ruly quantify man's tolerance to the indicated levels,
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6.2.1.2 (Continued)

nor does it indicate the impact that repetitive exposure to such pressure levels vould
have on man. Although this data shows o..y a physiological trend, it does represent
the present "state-of-knowledge' oa the subject, and, therefore, should not be
exceeded. Based upon military aviation experience, the intermittent exposures of the
AEPS crewmen to oxygen pressures below the values shown on the curve should pro-
vide a margin of safety, particularly if they are returned to the space station/planetary
hase atmosphere and allowed to equilibrate fur 2 minimum of 24 hours.

6.2.1.3 Effect on EVA

The present Apollo A-7L-B suit operates at 4. 0 psia maximum and would requrie
from 3 to 4 hours of oxygen prebreathing if utilized for any future planned EVA
missions. This prebrcathing requirement is costly both in time and supporting equip-
ment. Tf suit pressure is increased to approximately 8 to 14.7 psia, the following
advantages occur:

a. No prebreathing required.
o. No O9 purge required for transfer from cabin to EVA equipment.

c. Other crewman may remain in cabin until needed for EVA emergency or
rescue.

The disadvantages associated with a higher pressure suit are:
a. Slight weight increase.
b. Some advanced technology required.

Ideally, the optimum suit pressure level is that level which eliminates prebreathing,
does not adversely affect the crewman or his performance, and h2s a minimum im-
pact cn the mission vehicle. However, to eliminate prebreathing requirements we
must elevate the operating pressure level of the suit to a level (approximately 8 psia)
that may or may not adversely affect the crewman due to Og toxicity. Therefore, be-
fore suit pressire level can be selected, the physiological impact of the following
factors must be determined:

6-8
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6.2.1.3 (Continued)
a, Required versus tolerable Og prebreathing time,

b. O partial pressur. exposure limitations including frequency and duration.
c. Safe decompression/recompression levels, rates and frequency.

However, for routine exposures over an extended period of lime, it appears there is
insufficient data available to establish a physiologically safe profile from either a de-
compression sickness or an oxygen toxicity standpoint. Too little is known about the
cumulative effects of frequent exposures to oxygen tension greater than normal sea
level values, and even less is known about the effect s of frequent exposures to decom
pression/recompression cycles. Just the daily decompression cycles of crewmen
based upon experience with altitude chamber crews may be excessive because of the
fatigue resulting from the procedure, compounded by the physical exertion of the

planned EVA.

The additive effects of these stresses have never been assessed theoretically or em-
pirically. Therefore, it appears that without a comprehensive test program specifi-
cally oriented to the application in question (either Space Station, Lunar Base, Mars
or Shuttle), establishment of an acceptable and safe physiological baseline is not pos-

sible.

6.2.1.4 Summary

For the purpose of the remainder of the AEPS system studies effort, the following
EVA mission baseline requirements are recommended for use with a one-gas (pure
oxygen) AEPS in conjunction with a two-gas (oxygen:nitrogen) Space Station, Lunar
Base, Mars Excursion Module (MEM) or Shuttle:

. a, Space Station - Lunar Base - MEM -shuttle Atmosphere

- Pr = 10.0 -~ 14,7 psia
- P02 = 3.3 psia
- Diluent = Nitrogen

b. Minimum pre-breathing period at total base pressure (10.0-14.7 psia), 100%
Og is 42 minutes.

¢. Decompression rate shall not exceed 1.0 psi per second.

d. AEPS working pressure is 6,75 psia with a maximum exposure time
of 8 hours.



6.2.1.4 (Continued)
e. Recompression rate shall not exceed 0, 10 psi per second.
f. Minimum off-duty time for crewmen returning from an 8 hour EVA is 24 hours.

The recommended crewman pressure timelines for a Space Station/Shuttle EVA and for
a Lunar Base/Mars EVA are presented in Figures 6-3 and 6-4, respectively. Al-
through the Lur.ar Base/Mars EVA pressure timelines are based on an AEPS pressure
of 6,76 psia, the Lunar Base and Mars emergency EVA operating pressures have been
set at 5.5 psia as discusscd in section 64 of this volume.

6.2,2 Oxygen Supply

Results of the subsystem studies indicated that high pressure gaseous oxvgen storage
represents the simplest O supply subsystem concept and has the minimum bulk and
minimum vehicle impact. In addition, it was the only candidate concept which has
the capability to rapidly provide oxygen in the event of an emergency decompression
of the AEPS.

An evaluation to optimize the gaseous storage pressure level was conducted during
the systems integration effort. In addition, the effects of the selected pressure level
upon selection of the Oy hottle material, design of the Oy fill fitting, and the proce-
dures and equipment required for A EPS Og recharge were investigated.

— PRE-BREATHING (43 MiRUTES)

DECUMPRESSION (8 SECONDS)
EVA (4 HOURS)
/- RECOMPRESSION (80 SECONDS)
H.1—

I,/- /—OFF DUTY (24 HOURS MINIMUM)
/
777 7

|
10.0—

6.75—

%
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A\

1 5

FIGURE 6—3. SPACE STATION/SHUTTLE EVA
CREWMAN PRESSURE TIMELINE
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6.2.2.1 Og Supply Pressure Level - Selection of the AEPS O2 supply subsystem stor-
age pressure level is primarily dependent upon the following:

Vehicle/Base weight impact
Vehicle/Base volume impact

AEPS weight impact

A EPS volume impact

Operational and recharge considerations

ono e

Variations in Oy supply subsystem storage pressure level bad a relatively small

effect upon Vehicle/Base weight or volume and, therefore, both of these evaluation
criteria were eiiminated from further consideration. Due to the decreased gravity
environment of the proposed Space Station,Shuttle, Lunar Base and Mars missions, the
importance of A EPS weight as an evaluation criteria was also diminished. However,
regardless of gravity environment, ATPS volume remains a direct measure of crew-
man encumberance and mobility and is the single most important criterion in the
determination of the Og supply pressure level.

If au evaluation of Oy supply pressure level is made utilizing weight as the primary
criteria, a pressure of approximately 2500 psi would be selected. However, if
volume is utilized as the primary criteria, the opt.mum exists at the highest pressure
achievable. These results are depicted graphicully in Figure 6-5, which presents

6-11
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6.2.2.1 (Continued)

bottle woight and volume per peund ot stored 02 versus O2 supply pressure level.

As can be seen. Oz supply pressure levels above 7500 psi provide a very small
volume savin_:s for an attendant large increase in weight and are, therefore, uncom-
petitive. For instance, a ten (10) percent increase in pressure from 3000 psi reduces
volume by 7 in3 per pound of oxygen while a ten (10) percent increase in pressure
from 7500 psi reduces volume by 3 in° per pound of oxygen -- all at an ever increasing
gain in Og bottle weight.

Operational and recharge considerations are complicated by increased O2 supply sub-
system storage pressure level but are certainly not insurmountable and are discussed
in more detail in Section 6,2.2.3 and 6.2.2.4,

In summary, a nominal Oy supply pressure of 6000 psi is recommended for the AEPS
applications. Although 7500 psi appears optimum, 6000 psi was chosen to allow for
pressure gage inaccuracies and pressure variations due to ambient temperature
changes during storage and operation.

700
600 1.2
BOTTLE | MATERIAL ULTIMATE STRENGTH - 280000 PSIA
BOTTLE| MATERIAL DENSITY - 0.29 LBSY'IN® /
0 s
500 7 1.1 :
(-]
= P 2
o -l
= 400 / -
- 1.0
= / =
= 300 =
= / =
= \ et
= 90 =
2 200 \ — 2
=
2 100 S - 29
“ \"\
04

0 1000 2000 3000 4000 5000 G000 7000 8000 9000
OXYGEN STORAGE PRESSURE (PSIA)

FIGURE 6—5. BOTTLE VOLUME AND WEIGHT
VS. OXYGEN STORAGE PRESSURE
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6.2.2.2. Oy Pressure Vesscl Material -~ The multiple EVA excursions planned for the
Shutt!e, Space Station, Lunar Base and Mars missions of the 1980's, together with the
recommended 6000 psi pressure level, requir 28 that a high cyclic life/high static
strength Og pressure vessel material be utilized. The current Apolle Extravehicular
Mobility Unit (EMU) Portable Life Support System (PLSS) utilizes a 1500 psi O2 supply
subsystem pressure vessel fabricated from unaged cryogenically formed AISI 301 with
an ultimare strength of 240,000 psi. The prese: state-of-the-art in the area of stain-
less steel pressure vessels is represented by aged cryogenically formed AISI 301 which
has an ultimate strength of 280,000 psi, For the Shu 'le, Spacc Station and Lunar

Base missions, the AEPS 02 supply subsystem pressure cycle design requirement

is of the order of magnitude of 1000 cycles at nominal operating pressure. To be com~
petitive from a weight standpoint, the working stress at the nominal pressure showd

be set at half the value of the uitimate strength (140,000 psi minimum). As shown in
Figure 6-6. neither aged or unaged AISI 301 meets thia requirement. Although the
aged AISI 301 is relatively close to meeting this requirement, it is highly subject to
stress corrosion which would result in a cyclic life far less than that predicted. There-
fore, materials research and development in the areas of stainless steels, filament
wound materials, etc, to produce 2 high cyclic life, high static strength pressure ves-
sel material to meet the AEPS requirements is in order.

6.2.2.3 Qo Fill Fitting - To permit simple and rapid recharge of the AEPS O2 supply
subgsystem, a gqunick disconnect Oy fill fitting is required. A quick disconnect is de-
fined as a fluid coupling that may be rapidly connected or disconnected while under
pressure. A conventional method of connecting and disconnecting a high pressure
system is shown schematically in Figure 6-7.

3 POSITION VALVE
CAP l -\
) TOAEPS
0, PRESSURE

SUPPLY LINE
—\'J \ vesset
—] =

FEMALE COUPLING—/ MALE COUPLING
DISCONNECY vISCONNECT

FIGURE 6-7. CCNVENTICNAL HIGH PRESSURE DISCONNECT
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6.2,.2.3 (Continued)
Eactk shutoff valve is a three-way valve with the fcllowing positions:
a. Shutoff position.

b, Vent position to permit gas trapped between dizconnect and valve to be
vented to ambient,

c. On position with a flow limiting oxifice to prevent a rv zi.. pressure buldup.

Both three-way valves are initially closed; they are then v .ited to permit the gas
trapped between th2 disconnects und the valves to escape anc thus decrease the puug
-ad to facilitate connection. The couplings are thzn connected. The supnly line
valve is shut off and the AEPS valve is opened. The supply line va.ve is then opened
to charge the A EPS pressure vessel,

One major problem associated with design of a quick disconnect is one of geometry,

For a nominal 6000 psi quick disconnect with an effective flow diameter of ~. 120 inches,
the plug load that must be overcome by the installation load is 85 pounds. A reason-
able :nstallation load from a human factors poim cf view is twenty (20) pounds which
would result in an effective seal diameter of 0.037 inches (assuming half the installa-
tion loads results from seal friction) thus vequiring exceedingly small pieces of hard-
ware designed and manufactured to very close tolerances,

Other problems associated with design and developme:.t of a G000 psi 02 fill fitting
are:

a, Prevent seal exxrusion due to high pressure.

b. Prevent seal wear due to mating halt sliding over it,
c. Dampen pressure wave during connection to prevent shock.
d. Prevent entraace of contamination.

r.2. 2.4 Og Recharge - I'he Space Station, Lunar Base and Mars Excursion Module
«EM) of the 1980"s are prnjected to contain a 3000 psi oxygen supply. Therefore, a
method must be developed tn step the Vehicle,/Base Og supply pressure from 3000 psi
to 6000 psi to permit O2 recharge o the AEPS. The foilowing methods are candidate
concepts to be considered for future effort:

a. Direct Compression - Eiectric - The work to cenpress 1. ¢ pounds of
oxygen from 5000 ps: to 6000 psi s appreximately 32, 0G0 ft-1b with an
adiabatic efficiency of 1007 If this is accomplished by an electrivaily
driven compressor with an uverall efficiency of 10%, the vehicle elec-
trical pover penalty is five (5) pounds per AEPS. Vehicle power penzity
is 2 watts per pound ard recharge time is iwelve hours. ‘

6-15
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6. 2.2, 4 (Continued)

b. Direci Compression ~ Manual - If the compressor is a 10% efficient hand
pump, ten {10) minutes is assumed as a reasonable time for recharging the
AEPS. With the crewman working at 100% efficiency, he would work at a
metabolic rate of 2500 BTU /hr in excess of his basal inetabolic rate.

c. Night Time Supercritical Storag: - The following is 2 concept to utilize
the thermal environment exi-ting during night time or Jark side operation
to increase the Vehicle/.2ase Og supply storage pressure. The 3000 psi
supply is stored in a temperature controlled environment of 530°R., A
pressure vessel is placed outside the vehicle and is connected to the
vehicle supply by a high pressure line and shutoff valve (Figure 6-8).

This vessel is designed to a maximum operating pressure of 10,000 psi.

During night time operation, this vessel is pressurized to 3000 psi by the
vehicle supply.

Using the cold ambient as the heat sink, the charged gas is allowed to cool
to 300°R and then mainwained at this level by the insulating enclosure and
an internal heater. For night time operations, the AEPS are recharged by
drawing cold gas off of the supercritical vessels and allowing the tempera-~
ture to rise to 530°R in the cabin ambient thus pressurizing the AEPS ves-
sel to 6000 psi. During day time operation, the vehicle vessel supply shut-
off valve is turned off and the supercritical cryogenic vessel is allowed to
heat up to 530°R where its pressure builds up w 10,000 psi. Oxygen for
AEPS recharge is then bled off, as required. If such a concept was utilized
in conjunction with a Lunar Base, a 3.5 ft3 spherical pressure vessel would
provide enocugh oxygen for fourteen (14) days of operation. One lunzr day is
the equivalent of 28 earth days and, therefore, this size pressure vessel
would provide enough oxygen for the fourizen days of sunlight operation.

Regardless of which concept is selected to step up Vehicle/Base Og supply pressure

from 3000 to 6000 psi, design and development of the subsystem and/or components

are required, ,

6.2.3 Contaminant Control

The contaminant control subsystem mairtains the concentration of particulate matter,
hiological microorganisms, and trace gases at acceptabie levels so that the heaith
and comfort of the crewman is safeguarded. To aid in the design conception of a con-
taminant control subsystem for the AEPS, a model of the contaminant atmosphere was
generated and is presented in Table 6-1. The model identifies the contaminants
known to be biologically generated and also inclucles generation rates and maximum
allowable concentrations.
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TABLE 6-1
TRACE GAS CONTAMINATION MODEL

Biological Production Allowakle
Contaminant Rate, lb/hr Concentration, mg/m3
Acetaldehyde 9.16x 1079 360
Acetone 2.02 x 1078 2400
Ammonia 2.62 x 10-5 70
n-Butanol 1.2 x 1077 303
Rutyric Acid 6.92 x 1079 144
Carbon Monoxide 1.42 x 10~6 115
Ethanol 3.68x 1077 1880
Hydrogen 8.08 x 10~7 (4. 1%)
Hydrogen Sulfide 4.61x 10° 10 28
Indole 9.18 x 1076 126
Methane 1.3x 1079 (5.3%)
Methanol 1.39 x 1077 262
Phenol 3.46x 10-9 19
Pyruvic Acid 1,92 x 1075 9.2
6-18
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6.2.3 (Continued)

An evaluation to determine the contaminant control subsystem configuration was con-
ducted during the systems integration effort and resulted in a subsystem whose
functional schematic is shown in Figure 6-9.

This section discusses the main constituents of the proposed contaminant control
subsysiem.

AEPS r====~ | TRACE DUST &
DEBRIS| 1 €0, i L
{m | TRAP [ coTRoL{CONTAMINANT}-—{BACTERIA

———o CONTROL CONTROL

FIGURE 6~9. CONTAMINANT CONTROL SUBSYSTEM

6.2.3.1 Debris Trap - A debris trap was selected to control gross particulate matter
such as hair, skin flakes, {abric particles, vomitus, etc., which may enter the AEPS
ventilation loop. The debris trap is concepted as an in-line conical configuration con-
sisiing of a 100 mesh teflon~coated screen with a hydrophilic sponge on its outer diam-
eter to serve as a sump. Located at the inlet to the AEPS ventilation loop, a clean
debris filter will have 2 maximum pressure drop of 0.25 inches of water at a flow of

6 acfm. This pressure drop should be constant throughout the mission, only rising
when subjected to gross contamination such as vomitus. Maintenance is limited to
post EVA inspection and replacement, if required. Minimal replacement is expected
due to the low generation rates of such gross particulate matter.

6.2,3.2 Trace Contaminant Control - Trace goses consideraed in this effort are pre-
sented in Table 6-1 and are limited to those which are biologically generated. An
optimistic assumption is made utilizing this procedure since compounds contributed
by the AEPS equipment are not considered. Justification for this approach is bared
upon future materials development ieading to surface coatings and {reatments allowing
minimal outgassing.

The exposure limits presented are based on threshold limit values (TLV). These
limits generally apply to eight (8) hour exposures for an industrial worker subject to
a five (5) day work week with the recovery or non-work time taking nlace in a
relatively contaminani-free atmosphere. Space maximum allowable concentrations
(SMAC) are normally utilized for space vehicle applications. However, these are
defined for continuous exposure and were considered too restrictive for the AEPS
application. A realistic set of constraints will only be defined after test data are
obtained on man subjected to a small closed system (i.e., 2 ft3) with a gradual
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6.2.3.2 (Continued)

buildup of contaminants rather than a steady concentration. Other factors requiring

evaluation include repetitive exposure to the operational atmosphere with recovery
time subject to SMAC limits,

Based upon the defined model, the following trace gases build up in the AEPS beyond
the allowable concentration during the eight (8) hour EVA mission:

a. Ammonia

b. Butyric Acid

c. Indole

d. Phenol

e. Pyruvic Acid

All other trace gases generated remain within acceptable limits during an eight (8)
hour EVA,

Utilization of the following adsorbents to control the above trace gases was evaluated:

a. Sorbead - Silica gel modified by Hamilton Standard with a CuSOy4
coating; primarily used for ammonia control; nonregenerable.

b. Purafil-Controls CO, HgS, acid gases, SOy, O3 and NO;
nonregenerable.

(&)

Activated Charcoal - Wide range sorbent; will not control CO, Hz,
CH4 and NHg3; regenerable.

d. Phosphoric Acid Impregnated Charcoal - Primarily utilized for NHg;
nonregenerable.

e. Catalytic Oxidizer (including pre- and post-sorbers) - Controls CO,
Hgz and CHgy.

Results indicated that use of activated charcoal for control of butyric acid, indole,
phenol and pyruvic acid and the use of purafil for control of ammonia presents the
optimum arrangement from both the vehicle and A EPS standpoints. The activated
charcoal cartridge is removed and regenerated after each EVA mission in a Vehicle/
Base oven/vacuum chamber. One concept presently under consideration combines
the vehicle regenerable metallic oxide with the activated charcoal to permit removal
and vehicle regeneration as a combined assembly.

6-20



PR

e A rasEATIA e

6.2.3,2 (Continued)

Approximately 0.02 pounds (or 1 in3) of purafil are required to provide ammonia
control for an eight (8) hour AEPS mission., Since this is such a small amount, the
purzafil could be packaged in a multimission cartridge and replaced by the crewman,
as required.

; ; ~ .
6.2,3,3 Dust and Bacteria Control - Any dust generated by the COj control unit or

the trace contaminant control unit must be prevented from heing recirculated to the
suited crewman. In addition, bacteria control may be required within the AEPS itself
due to the long term duration of future space missions and the extensive planned use
for the AEPS., A depth filter can be utilized to cortrol both dust and bacteria genera-
tion.

As a design model for loading of the depth filter, a class 100,000 clean room with a
limit of 1.5 x 1076 g/ft3 was selected 25 representative of the AEPS atmosphere.
Loading during one 8 houi XVA mission would be approximately 5 mg at a design flow
of 6 acfrn.

The following f{ilters were considered for dust and bacteria control:

Flanders Econocell

Flanders Airpore J Series

Mott Series A Porous Stainless Steel
Pall Rigimesh

Millipore UG and VH

o ppow

The Flanders Airpore J series appears to be the optimum selection based or: pressure
drop and performance characteristics. It has an initial pressure drop of 0.3 inches
of water rising to a maximum of 0.8 inches cf water at the end of the 8 hour mission.
It is capable of removing 95 percent of all contaminants 0.3 microns or larger. It
will, however, require periodic replacement to prevent excessive pressure drop.

6.2.2.4 Summary - The contaminant control subsystem concepted in this section will
maintain adequate contamina:it control within the AEPS, It should be noted that the
contaminant control subeystem has not been concepted as a regenerative subsystem
due to the extremely small chemical bed weight involved, However, further effort is
required to confirm (or modify) the AEPS contaminant model selected and to deter-

mine the effect of long term intermittent exposure upon the suited crewman.

6.2.4 Humidity Control

The humidity control subsystem maintains the r:lative humidity within the space suit
at a comfortable level for the suited crewman. Water vapor enters the gas stream
as a product of crewman respiration and sweating and must be continually removed.

6-21
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6.2.4 (Continued)

Selection of a humidity control subsystem is greatly dependent upon the COg centrol
or thermal contrel subsysiem selected. The solid amine subsystem provides both
CO2 and humidity control and AEPS configurations containing a solid amine subsystem
require no additionai humidity control. However, AEPS configurations containing a
metallic oxide subsystem for COy control may require a humidity control subsystem.

The following candidate humidity control concepts were identified during the sub-
system studies and were evaluated during the system studies:

a. Condensing heat exchanger combined with any of the following "change-
of-momentum" type devices:

Elbow wick separator

Elbow scupper separator
U-shaped gravity separator
Vortex gravity separator

Motor driven rotary separator
Turbine driven rotary separator

Sy Ui B W DN

b. Water vapor adsorption utilizing a desiccant such as silica gel.
¢. Water emulsion formaticn and storage.

d. Freezeout.

1. Mechanical
2. Cryogenic

e. Condensing heat exchanger in series with a hydrophobic/hydrophyllic
screen separator.

f. Water vapor diffusion through permeable membrane.

g. Condensation and separation utilizing a Hilsch tube.

h. Utilization of electrical energy to provide separation by:
1. Electrolysis
2, Electrophoresis

3. Electroosmosis

i. Vapor dump.

1, Open loop vent system
2, Semi-upen loop vent system
6-22



e A a v mas et e

e T SR FRERACS (DA s S v s

6.2.4 (Continued)

Results indicate that a condensing heat exchanger in series with either an elbow wick
separator or a hydrophobic/hydrophyllic screen separator are the optimam choices.
Both concepts are relatively simple, small, light, require no electrical power for
operation, and are not gravity sensitive. However, duc ‘o the long useful life re-
quirements of the proposed Shuttle, Space Station, Lunar Base and Mars missions,
these subsystems are subjcct to contamination build-up which would steadily decrease
their performance. In the case of the elbow wick separator, bacterial and fungus
growth is also a possibility. Therefore, research and development is required in these
areas to develop a humidity control subsystem with long life characteriatics.

6.2.5 Power Supply

Selection of an AEPS power supply is heavily dependent upon the required power
capacity for a given mission duration. The AEPS subsystems and components which

require elecirical power are:

Communications and Telemetry

Instrumentation

Displays

Og Vent Loop Prime Mover

Liquid Heat Transport Loop Prime Mover

COy Control Subsystem (A EPS Regenerable Metallic Oxide only)
Thermal Control Subsystem (Thermal Storage - PH4Cl, Expendable/
Thermal Storage -~ PH4Cl, and Expendable/Radiation only)

™m0 a0 T

The above subsystems and components have a total power consumption of 30-180
watt:z, depending upon which COy control and thermal control subsystems are
selected.

For this range of power consumptiorn, the electric storaye battery represents the
lightest, smallest and most reliable concept. The present Apollo EMJ PLSS utilizes
a silver uxide-zinc battery which has a capacity of 40 to 50 watt-hours per pound.
Laboratory tests by Gulton Industries with a lithium-nickel halide battery were
reported to have achieved a capacity of 100 wat'-hours per pound. Based on these
results, a iithium-nickel halide battery with a capaci‘y of 100 watt-hours per pound
was assumed as the AEPS power supply and incorporated into all AEPS concepts.
However, operational development of this battery (or any other battery demonstrating
a similar or greater capacity) is still required through research and development.
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6.2,6 mstruwnentation

Instrumentation is required to provide status monitoring of the crewman and his
equipment for the following purposes:

a. Operational safety.
b. To be able to perform an adequate analysis of
circumstances should a mission abort be required,

Instrumentation utilized to provide the above functions must meet the followir -y opera-
tional requirements:

Crewman comfort.

Reliability.

Systam compatibility witnh A EPS, vehicle, etc.
Mission non-interference.

2. 60 o D

In accordance with the above guidelines and constraints, instrumentation for the
following parameters were incorporated into the AEPS concepts:

a. High Pressure Oxygen Storage Pressure - Telemetered to central
receiving siation; electrically drives a gage visible to the AEPS
crewman. This parameter is an indirect measure of crewman
metabolic rate and aids in the determination of O2 remaining.

b. Suit Pressurz - Telemetered to central receiving station, triggers
audible and visual warning signals when pressure decreases below
a pre-determined level.

c. Suit Inlet CCy Partial Pressure - Telemetered to central receiving

station. This parameter is 28 measure of CO2 control subsystem
performance.

d. O Vent Loop Flow Sensor - Triggers audible and visual warning
signals when (2 vent loop flow decreases below a pre-determined
level.

e. Liquid Heat Transport Loop Inlet and Outlet Temperatures -
Telemetered to central receiving station. These parameters are &
measure of thermal control subsystem performance.

f.  Freon Evaporator Outlet Pressure - Telemetered to central receiving
station; provides electrical signal to control both the variable-speed
compressor and the variable orifice. This parameter is a measure
of thermal control subsystem performance and is only measured for
thermal control suhsystems utilizing a vapor compression cycle.
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6.2.6 (Continued)

g.

Battery Voltage - Teiemetered to central receiving station; triggers
audible and visual warning signals when battery voltage falls below
a pre-determined level.

Fan Current - Telemetered to central receiving station; triggers
audible and visual warning signals when fan current rises above a
pre-determined level,

Pump Current - Telemetered to central receiving station; triggers
audible and visual warning signals when pump current rises above
a pre-determined level.

Compressor Current - Telemetered to central receiving station;
triggers audible and visual warning signals when compressor current
rises above a pre-determined level. This paerameter is only measured
for thermal control subsystems utilizing a vapor compression cycle.

6.2.7 Disglazs

The following displays are recommend-~d for AEPS operation and must be easily
vigible to the suited crewman:

a'
b.
c.

High Pressure Oxygen Storage Pressure Gage
Suit Pressure Cage
Visual Warning Diaplays for -

1. Low suit pressure

Low Og2 vent flow

Low battery voltage

High fan current

High purap current

High compressor current (only for thermal control
subsystems utilizing a vapor compression cycle)

Soarsmp

6.2.8 Controls

The following manual controls are required for AEPS operation and must be readily

accessible to the suited crewman:

a0 o P

Oxygen Supply Shutoff Valve

Fan On-Off Switch

Pump On-Off Switch

Compressor On-Off Switch (oniy for thermal contro! subsystems
utilizing a vapor compression cycle)

Communication System Controls
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6.2.8 (Continued)

In addition, each AEPS is concepted to contain an automatic temperature control valve
with a readily accessible manual overrride. Automatic temperature control provides
the following benefits:

a. Improved crewman comfort.
b. Decreased number of crewman manual operations.
c. More efficient use of expendable water.

Several gsignal parameters, many of which are a function of metabolic rate, have been
suggested to provide accurate temperature control:

Heart Rate

Deep Body Temperature

Skin Teraperature

Oxygen Consumption

C(O» Generation

Water Ceneration

LCG Differential Temperature

g e e TR

iHeart rate is inaccurate; measurement of hoth deep body and skin temperature is
uncomfortable and in some cases, pychologicaily unac~eptable; and oxygen consumption
is impractical to measure wit'.'n a space suit. CO, generation, water generation, LCG
differential temperature, or any combination of the three, appear to have promise.
Further research and development is required to detcrmine the signal parameter.s

that provide accurate automatic temperature control «nd to develop the required
hardware,

6.3 AEPS Boseline Concepts

Upon completion of the systems integration effort, the selected subsystems and com-
ponents were combined into baseline Space Station, Lunar Base, Mars and Shuttle
AEPS concepts. This section discusses six (6) potential AEPS coniigurations which
might result if the technology recommendations emanating from the AEPS study are
implemented. The schematics discussed are examples of combinations of recom-
mended subsystems and components, and are not necessarily '._. only competitive
combinations. In the same vein, the packaging configurations presented are intended
only as examples of potential approaches.

6.3.1 AEPS Concept 1 - Space Station (Figure 6-10)

6.3.1.1 System Description ~ This AEPS concept contains all required life support
equipment for extravehicular operation including an 09 ventilation loop, a high pres-
sure Og subsystem, a water heat transport loop, 2 Freon heat transport loop, a power
supply, instrumentation, communications, and operating controls and displays. The
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6.3.1.1 (Continued)

09 ventilation loop circulates a reconditioned and replenished Og2 supply through the
suit, Og2 from the suit enters the atmosphere regeneration subsystem and first passes
through the debris trap where solid particles and/or droplets are removed; next COg
is removed by both physical adsorption and chemical absorption using a vehicle
regenerable metallic oxide -- zinc oxide; odors and trace contaminants are removed
through physical adsorption by the activated charcoal in the contaminant control

Anwns

canister; and finally, an absolute filter provides dusi and bacieria conirol. The Oy
then passes to a Freon evaporator heat exchanger which cools the circulated Og and
condenses the entrained moisture. The cooled O2 continues to the water separator
where the condensed water vapor is removed and transferred to the water boiler to
provide additional cooling capacity. The cool, dry Oy then passes to the fan which

circulates a ventilation flow of 6 acfm to the suit.

The high pressure Oz subsystem contains 0.75 pounds of usable Oz at 6000 psia and
65°F and regulates the pressure in the Og ventilation loop to 7.0 + 0.1 psia. This
subsystem consists of an Og bottle, fill fitting, pressure sensor, shutoff vaive and
pressure regulator.

The water heat transport loop cools the suited crewman by supplying and circulating
cool water through a network of tubes built into the crewman's undergarment. The
skin is cooled by direct conduction and the mean skin temperature is lowered to a
level where little, if any, perspiration occurs. A pump circulates the cooled water
through the water heat transport loop at a flow rate of 4 Ib/min, Flow through the
thermal control subsystem is regulated by an automatic temperature conwrol valve.

The thermal control subsystem is a hybrid expendable/thermal storage concept

which consists of a watev boiler and phosphonium chloride (PH4Cl) thermal storage
unit. A Freon heat transport loop consisting of a Freoa evaporator, a variable

speed compressor and a variable orifice is utilized to transfer heat added at the
evaporator to the phase change thermal storage unit. Average thermal loads are
nandled by the Freon evaporator. However, as the heat load increases alove average
levels, an increasing quantity of flow is precooled in the water boiler to prevent over-
loading of the evaporator and resultant ioss of humidity control,

6.3.1.2 System Configuration - A potential packaging configuration for AEPS Con-
cept 1 is shown in Figure 6-11. The configuration shown integrated the life support
equipment into a hard center torso section. Since a waist joint i8 not necessarily re-
quired for zero gravity operation, some equipment has been packaged in the lower
torso area, The thermal storage unit is a PH4C1 tube bundle configuration which is
packaged external to the suit pressure wall. The metallic oxide unit is a multiple

screen pack configuration which is readily accessible for removal, regeneration and
replacement,
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' 3,1.3 System Operational Modes - This section presents an example of the oper-
..ional procedures a crewman might follow in the conduct of his EVA mission. De-
tailed operational procedures are dependent upon the final AEPS configuration and the
final vehicle configuration selected.

Step 1. Unstow AEPS
Step 2, Initial Checkout

-  Visually inspect AEPS

- Verify Og supply subsystem pressure

- Verify PH4iC1 deep core temperature to be below 81°F
-  Verify water boiler is fully charged

Step 3. Don AEPS in Donning Station
Step 4. Enter Airlock

Close air lock to cabin hatch

Connect vehicle oxygen and multiple water connectors
Attach prebreathing face mask

Prebreath pure Og for 43 minutes

Step 5. Final Checkout and Startup

- Depress automatic checkout switch to verify fan, pump, compressor
and battery performance

-  Check mission plan

- Doff face mask; don helmet and gloves

-~ Purge AEPS of diluent (nitrogen) by manually opening vehicle Og
supply shutoff valve and the suit purge valve

-  After 60 seconds, close the vehicle Og supply shutoff valve and
then close the suit purge valve

-  Activate the air lock compressor and depressurize the air lock at
a maximum rate of 2 psi per minute. Open the AEPS Og supply sub-
system shutoff valve when the air lock pressure decreases to 1.5 psia.

- Verify AEPS pressure regulation is normal

-  Actuate air lock dump and open air lock to ambient hatch

- Disconnect vehicle multiple water connector and activate AEPS pump

- Activate AEPS compressor and verify freon evaporator outlet
pressure is normal

-  Verify COgq partial pressure is within allowable limits

- Manuaily override temperature control valve and verify water boiler
performance, Switch temperature control valve back to automatic
operating mode.
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6.3.1.3 (Continued)

Step 6.
Step 7.
Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Egress Airiock

Perform EVA Mission

Ingress Airlock

Shutdown

Attach vehicle multiple water connector

Deactivate AEPS pump and compressor

Close airlock to ambient hatch

Attach vehicle Og supply umbilicals; do not open shutoff valve

Start airlock repressurization

When airlock pressure reaches 4 psia, turn off AEPS Ogy supply sub-
system shutoff valve and turn on vehicle Oz shutoff valve; turn off
AEPS fan

When airlock pressure reaches 10 psia, depressurize suit; turn off
vehicle Oz shutoff valve; purge suit to equalize pressure; remove
helmet and vehicle Og umbilicals

Open airlock to cabin hatch

Ingress Cabin

Doff AEPS in Donning Station

Visually inspect AEPS

Recharge/ Regene ration/Maintenance

Water Boiler - Connect vehicle quick disconnect from potable water
supply to water boiler fill fitting. Recharge until water flow through
the vehicle pctable water flow meter ceases. Detach vehicle quick
disconnect.

Liquid Heat Transport Loop -~ Check the liquid heat transport loop
accumulator level indicator. If the level is within an acceptable
range, the liquid loop is topped off by adding water through a t.. fit-
ting. If the level is not within an acceptable range, corrective main-
tenance is performed to deternine the source of the leak and to cor-
rect it. Then the liquid loop is topped off by adding water through a
fil fitting.

Oxygen Supply -~ Ensure Og supply subsystem shutoff valve is in
closed position. Connect vehicle high pressure Og supply to AEPS

Og fill fitting, Monitor AEPS Og2 bottle to specified level, remove
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6.3.1.3 (Continued)

vehicle connector. Confirm pressure level with AEPS pressure
gage and pressure sensor.

-  Metallic Oxide/Charcoal Bed - Unclamp and rotate canister access
cover out of way. Remove spent metallic oxide screen packs and
visually inspect for signs of damage and/or malfunction. Place used
screen packs in regenerating oven and actuate pressure/temperature
controller. Place fresh screen packs (from storage) in the AEPS
canister and close and reclamp the canister access cover.

-~ Debris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants., If excessive contaminants are present,
replace debris trap in AEPS. Contaminated units are bagged and
transferred to the maintenance area,

- Depth Filter - Remove used filter and transfer to sterilization area.
Inspect and clean filter housing. Install new filter in AEPS.

- Battery - Connect the vehicle electrical connector to the AEPS battery
recharge connector. Recharge for 12 hours., Battery circuit voltage
is then checked across a known resistarce against acceptable limits.
If tke minimwn acceptable voltage level cannot be achieved, the
battery is replaced. -

Step 13. Stow AEPS

6.3.2 AEPS Concept 2 - Space Station (Figure 6-12)

6.3.2,1 System Description - This AEPS concept contains all required life support
equipment for extravehicular operation including an Oy ventilation loop, a high pres-
sure Og subsystem, a water heat transport loop, a Frezon heat transport loop, a power
supply, instrumentation, communications, and operating controls and displays. The
09 ventilation loop circulates a reconditioned and replenished Og supply through the
suit. O2 from the suit enters the atmosphere regeneration subsystem and first passes
through the debris trap where solid particles and/or droplets are removed; next the :
flow enters an AEPS regenerable solid amine plate-fin matrix which removes both ‘
CO92 and water vapor from the O2 ventilation loop thus providing CO2 and htumidity

control. This is a cyclic concept using a 30 minute full cycle. Energy released dur-

ing the adsorb cycle is conducted to the regeneration portion of the subsystem thus ,
supplying the endothermic heat of desorption. Odors and trace contaminants are then ;
removed through physical adsosption by the activated charcoal in the contaminunt b
control canister; and finally, an absolute filter provides dust and bacteria control.
The O2 thea passes to a Freon evaporator heat exchanger which cools the circulated
O and passes it to the fan which circulates a ventilation flow of 6 acfm to the suit,
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6.3.2.1 (ecntinued)

The high pressure O2 subsystem contains 0.75 pounds of usable Og at 6000 psia and
65°F and regulates the pressure in the Og ventilation loop to 7.0 + 0,1 psia, This
subsystem consists of an Oy bottle, fill fiiting, pressure sensor, shutoff valve and
pressure regulator.

The water heat transport loop cools the suited crewman by supplying and circulating
cool water through a network of tubes built into the crewman's undergarment, The
skin is cooled by direct conduction and the mean skin temperature is lowered to a level
where little, if any, perspiration occurs. A pump circulates the cooled water through
the water heat transport loop at a flow rate of 4 Ib/min. Flow through the thermal
control subsystem is regulated by an automatic temperature control valve.

The thermal control subsystem is a hybrid expendable/radiation heat pump subsystem
~nd consists of a water boiler and a Freon refrigeration system. The Freon refrigera-
tion system consists of a Freon evaporator, a variable speed compressor, a high
temperature radiator and a variable orifice, The Freon system is sized to reject
average heat loads at night time conditions. Heat in excess of this amount is rejected
by the water boiler. The automatic temperature control valve maintains the correct
flow split between the two thermal control subsystems as well as conditioning the

water heat transport loop.

6.3.2.2 System Configuration - A potential packaging configuration for AEPS Concept
2 is shown in Figure 6-13. The configuration shown integrates most of the life support
equipment into & hard center torso section. Since a waist joint is not necessarily
required for zero gravityoperation, some equipment has been packaged in the lower
torso area, The thermal control subsystem, including the radiator assembly, Freon
evaporator, and water boiler, is packaged in the upper back portion of the torso. The
radiator assembly and the suit pressure wall form a monocoque construction., The
high temperature radiator is a fixed area device and is insulated on the suit-facing
side to prevent radiating back to the AEPS., The solid amine COg control subsystem
is a plate-fin matrix configuration and is packaged in the lower front torso section.

Similar to AEPS Concept 1, the cross-section of this configuration is less than that for :
the Apollo EMU PLSS. However, this suit is also approximately four inches higher '
than the present Apollo suit due to the increased helmet size required to facilitate

packaging of the communications and warning display. The center of gravity for this
configuration is very close to that of the nude crewman. i

The estimated total volume and weight for this AEPS configuration (less the suit) are
3100 in3 and 65 pounds based on an average metabolic rate of 1000 BTU/hr for an EVA
duration of 4 hours,
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6.3.2.3 System Operational Modes - This section presents an example of the opera-
tional precedures a crewman might follow in the conduct of his EVA mission. Detailed
operational procedures are dependent upon the final AEPS configuration and the fincl

vehicle configuration selected.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Uastow AEPS

Tnitial Checkout

-~

-~

Visually inspect AEPS
Verify Og supply subsystem pressure
Verify water boiler is fully charged

Don AEPS in Donning Station

Enter Airlock

i

Close air lock to cabin hatch

Connect vehicle oxyger. and multiple water connectors
Attach preureathing face mask

Prebreath pure Og for 38 minutes

Final Checkout and Startup

Depress automatic checkout awitch to verify fan, pump, compressor
and battery performance

Check mission plan

Doff face mask; don helmet and gloves

Purge AEPS of diluent (nitrogen) by manually opening vehicle 02
supply shutoff valve and the suit purge valve

After 60 seconds, close the vehicle O2 supply shutoff valve and

then close the suit purge valve

Activate the air lock compressor and depressurize the air lock at

a maximum rate of 2 psi per minute, Open the AEPS O2 supply
subsystem shutoff valve when the air lock pressure decreases to

1.5 psia,

Verify AEPS pressure regulation is normal

Actuate air lock dump and open air lock to ambient hatch

Disconnect vehicle multiple water connector and activate AEPS pump
Verify CO, partial pressure is within allowable limits

Manually override temperature control valve and verify water

boiler performance
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6.3.2.3 (coniinued)

Step 6.

Step 7.
Step 8.

Step 9.

Step 10.

Step 11.

“ten 12.

Egress Ajrlock

- Activaie AEPS compressor and verify freon evaporator outlet
pressure is normal
- Switch temperature control valve back to automatic operating mode

Perform EVA Mission

Ingress Airlock

Shutdown

- Deactivate compressor

- Attach vehicle multiple water connector

- Deactivate AEPS pump

- Close airlock to ambient haich

- Attach vehicle Og supply umbilicals; do not open shutofif valve

- 3Start airlock repressurization

- When airlock pressure reaches 10 psia, depressurize suit; turn off
vehicle O2 shutoff valve; purge suit io equaiize pressure; remove
helmet and vehicle Og umbilicals

- Open airlock to cabin hatch

Ingress Cabin

Doff AEPS in Donning Station

- Visually inspect AEPS

Recharge/Regeneration/Maintenance

- Water Boiler - Connect vehicle quick disconnect from potable water
supply to water boiler fill fitting. Recharge until water flow throngh
the vehicle potable waier dow meter ceases. Detach vehicle quick
disconnect.

- Liquid Heat Transport Loop - Check the liquid heat transport loop
accumulator level indicator. If the level is within an acceptable range,
the .iquid loop is topped off by adding water through a fill fitting,

If the level is not within an acceptable range, corrective maintenance
is performed to dete rmine the source of the leak and to correct it.
Then the liquid loop is topped off by adding water through a fill fitting.
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6.3.2.3 (continued)

~ Oxygen Supply - Ensure Oy supply subsystem shutoff valve is in closed
position. Connect vehicle high pressure O2 supply to AEPS O3 fill
fitting. Monitor AEPS Og bottle pressure to ensure fill is taking place.
Two hours after pressurizing O2 bottle to speciried level, remove
vehicle connector. Confirm pressure level with AEPS pressure gage
and pressure sensor,

- Charcoal Cartridge ~ Unclamp and rotate canister access cover out
of way. Remove spent charcoal cartridge and visually inspect for
signs of damage and/or maifunction. Place used charcoal cariridge
in regenerating oven and actuate pressure/temperature controller.
Place fresh cartridge (from storage) in the AEPS canister and close
and reclamp the canister access cover.

- Debris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants. If excessive contaminants are present,
replace with space from storage. If contaminants ire not present,
replace uebris trap in AEPS, Contaminated units are bagged and
transferred to the maintenance area.

- Depth Filter - Remove used filter and transfer to sterilization area.
Inspect and clean filter housing. Install new filter in AEPS,

- Battery - Connect the vehicle electrical comnector to the AEPS battery
recharge connector. Recharge for 12 hours. Battery circuit voltage
is then checked across a known resistance against acceptable limits,

If the minimum acceptable voltage level cannot be achieved, the battexy
is replaced.

Step 13. Stow AEPS

6.3.3 AEPS Concept 3 - Lunar Base (Figure 6-14)

6.3.3.1 System Description - This AEPS concept contains all required life support
equipment for extravehicular operation including an Og ventilationloop, a highpressure

02 subsystem, awater heattransport loop, a Freonheat transport loop. apower supply,
instrumentaiion, comn.unications, and operating controls and displays. The Og
ventilation loop circulates a reconditioned and replenished Oz supply through the suit.
O2 from the suit enters the atmosphere regeneration subsystem and first passecs
through the debris trap where solid particles and/or droplets are removed; next

the flow enters an AEPS regenerable solid amine plate-fin matrix which removes

both CO2 and water vapor from the Og ventilation loop thus providing COg and humidity
control, This is a cyclic concept using a 30 minute full cycle, Energy released during
the adsorb cycle is conducted to the regeneration portior: of the subsystem thus
supplying the endothermic heat of desorption, Odors and contaminanis are removed
through physical adsorption by the activated charcoal in the contaminant control
canister; and finally, an aksolute filter provides dust and bacteria control, The Q2
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6.3.3.1 (continued)

then passes to a Freon evaporator heat exchanger which cools the circulated O2
and passes it to the fan which circulates a ventilation flow of 6 acfm to the suit.

The high pressure O2 subsystem contains 1.5 pounds of usable Og at 6000 psia and
65°F and regulates the pressure in the Oq ventilation loop to 7.0 + 0,1 psia, This
subsystem consists of an Og bottle, fill fitting, pressure sensor, shutoff valve and
pressure regulator.

The water hrat transport loop cools the suited crewman by supplying the circulating
cool water through a network of tubes built into the crewman's undevrgarment. The
skin i3 cooled by direct conduction and the mean skin temperature is lowered to a
level where little, if any, perspiration occurs. A pump circulates the cooled water
through the water heat transport loop at a flow rate of 4 Ib/min. Flow through the
thermal control subsystem is regulated by an automatic temperature control valve,

The thermal control subsystem is a thermal storage subsystem utilizing PH4C1 and
is composed of a PH4Cl thermal storage unit and a Freon refrigeration cycle con-
sisting of a Freon evaporator, a variable speed compressor and a variable orifice.
Heat is added at the evaporator and stored at the thermal storage unit by the melting
of PH4CI.

6.3.3.2 System Configuration - A potential packaging configuration for AEPS Concept
3 is shown in Figure 6-15. The configuration shown integrates the life support equip-
ment into a hard center torso section. This concept combines the highest AEPSvolume

COy control subsystem (AEPS regenerable solid amine) with the highest AEPS volume
thermal control subsystem (PH4Cl thermal storage unit). Although this configuration
can still pass through a 29 inch diameter batch, the extended profile of the therma.
storage unit may slightly impair arm mobility. In addition, this concept does not
have a waist joint. To solve both of these problems, the thermal storage unit could
be repackaged in the upper torso arca, with an attendant increase in suit cross-
section.

The estimated total volume and weight for this AEPS configuration (less the suit) is
4500 in3 and 193 pounds based on an average metabolic rate of 1050 BTU/hr for an
EVA duration of 8 hours. This configuration has been presented because it requires
no vehicle interface for recharge or regeneration of the CO2 control or thermal
control subsystems,

6.3.3.3 System Operational Modes - This section presents an example of the opera-
tional procedures a crewman might follow in the conduct of his EVA mission. Detailed
operational procedures are dependent upon the final AEPS configuration and the final
base configuration selected.
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6.3.3.3 (continued)

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.
Step 7.

Step 8.

Unstow AEPS

Initial Checkout

~ Visually inspect AEPS
- Verify O2 supply subsystem pressure
- Verify PH4Cl deep core temperature to be below 81°F

Don AEPS in Donning Station

Enter Airlock

-~ Close airlock to cabin hatch

- Connect base oxygen and multiple water connectors
~ Attach prebreathing face mask

-~ Prebreath pure O3 for 38 minutes

Final Checkout and Startup

-~ Depress automatic checkout switch to verify fan, pump, compressor
and battery performance

- Check mission plan

- Doff face mask; don helmet and gloves

- Purge AEPS of diluent (nitrogen) by manually opening base 02
supply shutoff valve and the suit purge valve

- After 60 seconds, close the base O2 supply shutoff valve and then
close the suit purge valve

- Activate the airlock compressor and depressurize the airlock at
a maximum rate of 2 psi per minute. Open the AEPS 02 supply
subsystem shutoff valve when the alrlock pressure decreases to
1.5 psia.

- Verify AEPS pressure regulation is normal

- Actuate airlock dump and open air lock to ambient hatch

- Disconnect base multiple water connector and activate AEPS pump

- Activate AEPS compressor and verify freca evaporator outlet
pressure is normal

-~ Verify CO2 partial pressure is within allowsble limits

Egress Airlock

Perform EVA Mission

Ingress_Airlock




6.3.3.3 (continued)

Step 9.

Step 10.

Step 11.

Step 12.

Shutdown

-~ Attach base multiple water connector

- Deactivate AEPS pump and compressor

- Close airlock to ambient hatch

- Start airlock repressurization

- When airlock pressure reaches 4 psia, turn off AEPS O2 supply
subsystem shutoff valve and turn on vehicle Og shutoft valve; turn
off AEPS fan

-~ When airlock pressure reaches 10 psia, depressurize suit; turn off
vehicle Oy shutoff valve; purge suit to equalize pressure; remove
helmet and vehicle O2 umbilicals

- Open airlock to cabin hatch

Ingress Cabin

Doff AEPS in Donning Station

- Visually inspect AEPS

Recharge/Regeneration/Maintenance

~ Liquid Heat Transpo.:. Loop - Check the liquid heat transport loop
accumulator level indicator. If the level is within an acceptable range,
the liquid loop is topped off by adding water through a fill fitting.

If the level is not within an acceptable range, corrective maintenance
is performed to determine the source of the leak and to correct it.
Then the liquid ioop is topped off by adding water through a fill
fitting.

- Oxygen Supply - Ensure O2 supply subsystem shutoff valve is in closed
position, Connect base high pressure O2 supply to AEPS O2 fill
fitting. Monitor AEPS O2 bottle pressure to ensure fill is taking place.
Two hours after pressurizing Og bottle to specified level, remove
base conneclor. Confirm pressure level with AEPS pressure gage
and pressure sensor.

- Charcoal Cartridge - Unclamp and rotate canister access cover out of
way. Remove spent charcoal cartridge and visually inspect for signs
of damage and/or malfunction. Place used charcoal cartridge in
regeneration oven and actuate pressure/teriperature controller. Place
fresh cartridge (from storage) in the AEPS canister and close and
reclamp the canister access cover.
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6.3.3.3 (continued)

- Debris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants. If excessive contaminants are present,
replace with spare from storage. If contaminants are not present,
replace debris trap in AEPS, Contaminated units are bagged and
transferred to the maintenance area.

- Depth Filter - Remove used filter and transfer to sterilization area.
Inspect and clean filter housing. Install new filter in AEPS.

- Battery ~ Conncct the base electrical connector to the AtPS batiery
recharge connector. Recharge for 12 hours. Bau.ery open circuit voltage
is then checked across a known resistance against acceptable limits,

If the minimum acceptable voltage level cannot be achieved, the battery
is replaced.

Step 13. Stow AEPS

6.3.4 AEPS Concept 4 - Lunar Base:(Figure 6-16)

6.3.4.1 System Description - This AEPS concept contains all required life support

equipment for extravehicular operation including an O2 ventilation loop, a high pressure

O2 subsystem, a water heat traasport loop, a Freon heat transport loop, a power sup-

ply, instrumentation, communications, and operating controls and displays. The G2 -
ventilation loop circulates a reconditioned and replenished Og supply through the suit.

02 from the suit enters the atmosphere regeneration subsystem and first passes

through the debris trap where solid particles and/or droplets are removed; next COq ,
is removed by both physical adsorption and chemical absorption using a vehicle

regenerable metallic oxide--zinc oxide; odors and trace contaminants are removed

through physical adsorption by the activated charcoal in the contaminant control ¢ "
canister; and finally, an absolute filter provides dust and bacteria control, The O2
then passes tc a Freon evaporator heat exchanger which cools the circulated O2 and
condenses the entrained moisture. The cooled Og continues to the water separator
where the condensed water vapor is removed and transferrcd to the water be'ier to
provide additional cooling capacity. The cool, dry Og then passes to the ' . which

circulates a ventilation fiow of 6 acfm to the suit,

The high pressure Og subsystem contains 1.5 pounds of usable Og at 6000 psia and
65°F and regulates the pressure in the 02 ventilation loop to 7.0 + 0.1 psia. This
subsystem consists of an Og bettle, fill fitting, pressure sensor, shutoff valvc and
pressure regulator.

The water heat transport loop cools the suited crewman by supplying and circulating
cool water through a network of tubes built into the crewman's undergarment. The
skin is cooled by direct conduction and the mean skin temperature is lowered to a
level where little, if any, perspiration occurs. A pump circulates the cooled water
through the water heat transport loop at 2 flow rate of 4 Ib/min. Flow through the
thermal control subsystemis regulaied by an automatic temperature control valve,

R
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6.3.41.1 (Continued)

The thermal control subsystem is a hybrid expendable/radiation heat pump subsystem
and consists of a water soiler and a Freon refrigeration system. The Freon refrigera-
tion system consists of a Freon evaporator, a variable speed compressor, a high
temperature radiator and a variable orifice. The Freon system is sized to reject
average heat loads at night time conditions. Heat in excess of this amount is rejected
by the water boiler. The automatic temperature control valve maintains the correct
flow split between the two thermal control subsystems as well as conditioning the

water heat transport loop.

6.3.4.2 System Configuration - Two potential packaging configurations for AEPS Con-
cept 4 are shown in Figures 6-17a nad 6-17b. Both configurations shown are com-
posed of a separate suit and life support svstems. The main difference between the
two configurations is the location of the life support sysiem on the suit and its resul-
tant effect upon radiator deployment. The mid-back mounted configuration requires
that the variable area radiator assembly be telescoped into a position above the crew-
man while the higher mounted configuration is 2lready in that positicn. However, the
higher mountec configuration may be too "top-heavy’.

This approach has the disadvantages of umbilicals and a large cross-~section dimension

(similar to ihe Apollo EMU) and the advantage of being able to integrate with a highly -
mobile suit. The estimated total volume and -veight for this AEPS configuration (less

the suit) is 3500 in3 and 100 pounds based on an average metabolic rate of 1056 BTU/

hr for an EVA duration of 8 hours.

6.3.4.3 System Operational Modes ~ This section presents an example of the oper-
ational procedures a crewman might follow in the conduct of his EVA mission. De-
tailed operational procedures are dependent upon the final AEPS configuration and the
final base configuration selected.

Step 1. Unstow AEPS

Step 2. Initial Checkout

- Visually inspect AEPS
- Verify Oy supply subsystem pressure
-  Verify water boliler is fully charged

Step 3.  Don AEPS in Donning Station
Step 4. Enter Airlock

- Close airlock to cabin hatch
-  Connect base oxygen and multiple water connectors

Bl AN, s S9N
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6.3.4.3 (Continued)

Step 5.

Step 6.

Step 7.
Step 8.

Step 9.

Attach prebreathing face mask
Prebreath pure Og for 38 minutes

Final Checkout and Startup

Depress automatic checkout switch to verify fan, pump, compressor
and battery performance

Check mission plan

Doff face mask; don helmet and gloves

Purge AEPS of diluent (nitrogen) by manually opening base O2
supply shutoff valve and the suit purge valve

After 60 seconds, close the base Q2 sapply shutoff valve and

then close the suit purge valve

Activate the air lock compressor and depressurize the air lock at a
maximum rate of 2 psi per minute. Open the AEPS Og2 supply sub-
system shutoff valve when the air lock pressure decreases to 1.5
psia.

Verify AEPS pressure regulation is normal

Actuate air lock dump and open air lock to ambient hatch
Disconnect base multiple water connector and activate AEPS pump
Verify ©Og partial pressure is within allowable limits

Manually override temperature control valve and verify water
boiler performance. :

Egress Airlock

Activate AEPS compressor and verify freon evaporator outlet
pressure is normal

Switch temperature control valve back to automatic operating mode

Perform EVA Mission

Ingress Airlock

Shutdown

Deactivate compressor

Attach base multiple water connector

Deac:ivate AEPS pump

Close airlock to ambient hatch

Aitach base Og supply umbilicals; do not open shutoff valve

Start airlock repressurization
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6.3.4.3 (Continued)

Step 10.

Step 11.

Step 12,

~  When airlock pressure reaches 4 psia, turn off AEPE Qg supply
subsystem shutoff valve and turn on base Og shutoff valve; turn
off AEPS fan

- When airlock pressure reaches 10 psia, depressurize suit; turn off
base 02 shutoff valve; purge suit to equalize pressure; remove
helmet and base Og umbilicals

- Open airlock to cabin hatch

Ingress Cabin

Doff AEPS in Donning Station

- Visually inspect AEPS

Recharge /Regeneration/Maintenance

-  Water Boiler - Connect vehicle quick disconnect from potable water
supply to water boiler fill fitting. Recharge until water flow through
the base potable water flow meter ceases. Detach base quick dis-
connect.

- Liquid Heat Transport Loop - Check the liquid heat transport loop
accumulator level indicator, If the level is within ai acceptable
range, the liquid loop is topped off by adding water through a fill
fitting. If the level is not within an acceptable range, corrective
maintenance is performed ito determine the source of the ieak and to
correct it, Then the liquid loop is topped off by adding water through
a fill fitting.

- Oxygen Supply - Ensure O supply subsystem shutoff valve is in
closed position. Connect base high pressure Gg supply to AEPS Og
fill fitting. Monitor AEPS O2 bottle pressure to ensure fill is taking
place, Two hours after pressurizing O2 bottle to specified ievel,
remove base connector. Confirm pressure level with AEPS pressure
gage and pressure sensor.

-  Metallic Oxide/Charcoal Bed - Unclamp and rotate canister access
cover out of way. Remove spent metallic oxide screen packs and
visually inspect for signs of damage and/or malfunction. Place used
screen packs in regenerating oven and actuate pressure/tempera-
ture controller. Place fresh screen packs (from storage) in the
AEPS canister and close and reclamp the canister access cover.

- Debris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants., If excessive contaminants are present,
replace with spare from storage. If contaminants are not present,
replace debris trap in AEPS. Contaminated units are bagged and
transferred to the maintenance area.
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6.3.1.3 (Continued)

- Depth Filter - Remove used filter and transfer to sterilization area.
Inspect and clean filter housing. Install new filter in AEPS.

~  Battery - Connect the vase electrical connector o the AEPS battery
recharge connector. Recharge for 12 hours. Battery open circuit
voltage is then checked across a known resistance against acceptable
limits, If the minimum acceptable veltage level cannoc be achieved,
the battery is replaced.

Step 13. Stow AEPS

6.3.5 AEPS Concept 5 ~ Mars (Figure 6-18)

6.3.5.1 System Description - This AEPS concept contains all required life support
equipment for extravehicular operation including an Q2 ventilation loop, a high pres-
sure Og subsystem, a water heat transport loop, a Freon heat transport loop, a
power supply, instrumentation, communications, and operating controls and displays.
The O2 ventilation loop circulates a reconditioned and replenished O2 supply through
the suit. O2 from the suit enters the atmosphere regeneration subsystem and first
passes through the debris trap where solid pzrticles and/or droplets are removed;
next CO2 is removed by both physical adsorption and chemical absorption using a
vehicle regen~rable metallic oxide--zinc oxide; odors and trace contaminants are
removed through physical adsorption by the activated charcoal in the contaminant con-
trol canister; and finally, an absolute filter provides dust and bacteria control. The
02 then passes to a Freon evaporator heat exchanger which cools the circulated O
and condenses the entrained moisture. The cooled Og continues to the water separa-
tor where the condensed water vapor is removed and transferred to the water boiler
to provide additional cooling capacity. The cool, dry O9 then passes to the fan which
circulates a ventilation flow of 6 acfm to the suit,

The high pressure 02 subsystem contains 1.7 pounds of usable Og at 6200 psia and
65°F and regulates the pressure in the Og ventilation loop to 7.0 + 0,1 psia, This
subsystem consists of an O2 bottle, fill fitting, pressure sensor, shutoff valve and
pressure regulator.

The water heat transport loop cools the suited crewman by supplying and circulating
cool water through a network of tubes built into the crewman's undergarment. The
skir is cooled by direct conduction and the mean skin temperature is lowered to a
level vhere little, if any, perspiration occurs. A pump circulates the cooled water
throuzh the water heat transport loop at a flow rate of 4 Ib/min. Flow through the
thermal cort-ol subsystem is regulated by an automatic temperature control valve,
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6.3.5.1 (Continued)

The thermal control subsystem is a hybrid expendable/direct radiative cooling sub-
system and consists of a water boiler, direct radiator and a condensing heat ex-
changer. As the radiator load increases and exceeds dnsign values, a portion of the
waler heat transport loop flow bypasses to the water boiler, thus maintaining a con-
stant radiator outlet temperature.

6.3.5.2 System Configuration - A potential packaging configuration for AEPS Concept
5 is shown in Figure 6-19. The configuration shown integrates the life support equip-
ment into the upper hard torso section and helmet assembly, thus permitting incor-
poration of a waist joint into this configuration. The low temperature radiator is hel-
met mounted to minimize the view factor with the Martian surface, This radiator is
foldabie to permit egress/ingress through the Mars Excursion Module (MEM) hatch-
ways. The metallic oxide unit is a multiple screen pack configuration which is
readily accessible for removal, regeneration and replacement.

The estimated total volume and weight for this AEPS configuration (less the suit) is
3100 in3 and 84 pounds based on an average metabolic rate of 1200 BTU/hr for an
EVA duration of 8 hours.

6.3.5.3 System Operational Modes - This section presents an example of the oper-
ational procedures a crewman might follow in the conduct of his EVA mission. De-
tailed operational procedures are dependent upon the final AEPS configuration and
the final vehicle configuration selected.

Step 1. Unstow AEPS
Step 2. Initial Checkout

- Visually inspect AEPS
- Verify 02 supply subsystem pressure
- Verify water boiler is fully charged

Step 3. Don AEPS in Donning Station
Step 4. Enter Airlock

- Close air lock to cabin hatch

-  Connect vehicle oxygen and multiple water connectors
- Attach prebreathing face mask

-  Prebreath pure Oy for 38 minutes
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6.3.5.3 (Continued)

Step 5.

Step 6.

Step 7.
Step 8.

Step 9.

Final Checkout and Startup

-  Depress automatic checkout switch to verify fan, pump and
battery performance

~  Check mission plan

~  Doff face mask; don helmet and gloves

-~ Purge AEPS of diluent (nitrogen) by manually opening vehicle Oo
supply shutoff valve and the suit purge valve

- After 60 seconds, close the vehicle Og supply shutoff valve and
then close the suit purge valve

- Activate the air lock compressor and depressurize the air lock at
a maximum rate of 2 psi per minute. Open the AEPS O supply
subsystem shutoff valve when the air lock pressure decreases to
1.5 psia,

- Verify AEPS pressure regulation i8 normal

-~ Actuate air lock dump and open air lock to ambient hatch

- Disconnect vehicle mulitple water connector and activate AEPS pump

- Verify CO2 partial pressure is within allowable limits

- Manually override temperzature control valve and verify water
boiler performance

Egress Airlock

- Switch temperature control valve back to automatic operating mode.

Perform EVA Mission

Ingress Airlock

Shutdown

- Attach vehicle multiple water connector

- Deactivate AEPE puinp

- Close airlock to ambient hatch

- Attach vehicle Og supply umbilicals; do not oper shutoff valve

-  Depressurize airlock to remove any vestiges of the Martian atmos-
phere

-  Start airlock repressurization

- When airlock pressure reacher 4 psia, turn off AEPS O2 supply sub-
system shutof’ valve and turn on vehicle O2 shutofi; turn off AEPS
fan
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6.3.5.3 (Centinued)

Step 12,

When airlock pressure reaches 10 psia, depressurize suit; turn off
vehicle Oy shutoff valve; purge suit to equalize pressure; remove
helmet and vehicle Og umbilicals

Opet airlock to cabin hatch

Ingress Cabin

Doff AEPS in Donning Station

Visually inspect AEPS

Recharge/Regeneration/Maintenance

Water Boiler - Connect vehicie quick disconnect froni potable water
supply to water boiler fill fitting. Recharge until water flow througn
the vehicle potable water flow meter ceases. Det:ch vehicle quick
disconnect,

Liquid Heat Transpori Y.oop - Checx the liquid heat transport loop
accumulator ievel indicator. If the level is within an accepiable range,
the liquid loop is topped off by aduing .ater through a fill fitting. If
the level is not within an acceptable range, corrective maintenance

is performed to determine the source of the leak and to correct it.
Then the liquid loop is topped off by adding water through a fill
fitting.

Oxygen Supply - Ensure Og supply subsystem shutoff valve is in
closed position. Connect vehicle high pressure 0g supply to AEPS
0o fill fitting. Monitor AEPS Q2 bottle pressure to ensure fill is
taking place. Two hours after pressurizing O2 botile to specified
level, remove vehicle connector. Confirm pressure level with AEPS
pressure gage and pressure sensor.

Metallic Oxide/Charcoal Bed - Unclamp and rotate canister access
cover out of w 7. Remove spent metallic oxide screen packs and
vicually inspeci for signs of damage and,/or malfunction, Place used
screen packs in regenerating oven and actuate pressure/ temperature
controller. Place fresh screen packs (from storage) in thc AEPS
canister and close and reclarn.p the canister access cover,

Depris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants. If excessive contaminants are present,
replace with spare from storage. If contan.inants are not present,
replace debris trap in AEPS., Contaminated units are bagged and
transferced to the maintenance area.
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6.3.5.3 (Continued)

- Depth Filter -~ Remove used filter and transfer to sterilization area,
Inspect and clean filter housing., Install new filter in AEPS,

-  Battery - Connect the vehicle electrical connector to the AEPS
battery recharge connector. Recharge for 12 hours. Ballery circuit
voltage is then checked across a known resistance against acceptable
limits. If the minimum acceptable voltage level cannot be achieved,
the battery is replaced.

Step 13. Stow AEPS

6.3.6 AEPS Concept 6 - Shuttle (Figure 6-20)

6.3.6.1 System Description - This AEPS concept contains all required life support
equipment for extravehicular operation including an Oy ventilation loop, a high pres-
sure O2 sunbsystem, a water heat transport loop, a power supply, instrumentation,
communicatiors, and operating controls anl displays. The Og2 ventilation loop cir-
culates a reconditioned and replenished Oy supuly through the suit. Og from the suit
enters the atmosphere regeneraii *u . v system and first passes through the debris
trap where solid particles and/or « roplets are removed; next CO9 is removed by both
phycical adsorption and ch . icz absorption using a vehicle regenerable metailic

Kide; odors and trac: cont:i.minants are removed through physical ad. orption by the
activated charcoal in the contaminant control canister; and finally, an absolute filter
provides dust and bacteria control. The Og then passes to 2 wati.r sublimator which
cools the cicculated Og and condenses the entrained moisture. The cooled Cg con-
tinues to the wacer separator where the condensed water vapor is removed and .rans-
ferred to the reservoir for condensate storage. The cool, dry Og then passes to the
fan which ci._ates a -entilation flow of 6 acfm to the sui’.

The high p «ss =~ Op subsystem contains 0.75 pounds of usable Og at 6000 psia and
65°F and rzgulutes the pressure in the Og ventilaticn loop to 6.75 + 0.1 psia. This
subsvstem cousists of an O bottle, fill fitting, pressure seusor, shutcff valve and

pressure regulator,

The water weat transport loop cools the suited crewman by supplying and circulating
coc! warer through 4 network of tubes built into the crewman's undergarment. The
skin is coole-d by direct conduction and the me.on skin temperature is lowered to a
level where hittle, if any, perspiration occurs. 2. pump ciiculates the cooled water
through the water heat transpurt loop at a flow rate of 4 1b/min. ¥low through the
thermal control subsysten. is regulated by an automatic temperatire control valve.

6.3.6.2 System Configuratit_;_rl - A potential packaging configuration for AEPS Concept
6 i3 shown in Figure 6-21. The contiguration shown integrates the life support equip-

r-ent into a hard cefer torso section. Since a waist joint is not necessarily required
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As shown Dy the Jolled oulline, the cross-seciion of this configurstion s less thay
tha: for the %polio EMU PLZS. Howe\ er. this suit is approximately four inches
higher than the presen:! Apoilo suit due o the increased helmet size required 1o facili-
tate packaging of the communications and the warhning 4isplay. The cvenier of gravin

for this configuration is very close to that of the nude crewman.

The estimated toial volume and weight for this AEPS configuration (less the suit and
the emergency syvstem) are 1100 ind and 38 pounds based on everage metabolic rate
of 10U B _/hr tor an EVA duration ot 4 hours.

6.3.6,3 Svstem QOperational Modes - This section presents an example of the oper-
ational procedures a crewman might follow in the conduct of his EVA mission. De-
tailed operational procedures are dependent upon the final AEPS configuration and the
final vehicle configuration selected.

Step 1. Unstow AEPS

Step 2. Initial Checkout ‘

- Visually inspect AEPS
- Verify Og supply subsystem pressure
- Verify water reservoir is fully charged

Step 3. Don AEPS in Donning Station

Step 4. Enter Airlock

- Close air lock to cabin hatch

-  Connect vehicle oxygen and multiple water connectors
-  Attach prebreathing face mask

-  Prebreath pure Og for 43 minutes

Step 5. Final Checkout and Startup

- Depress automatic checkout switch to verify fan, pump and

battery performance
4
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6.3.6.3 (Continued)

Step 6.
Step 7.
Step 8.

Step 9.

Step 10,

Check mission plan

Doff face mask; don helmet and gloves

Purge AEPS of diluent (nitroger) by manually opening vehicle O,
supply shutoff valve and the suit purge valve

After 60 seconds, close the vehicle Oy supply shutoff valve and then
close the suit purge valve

Activate the airlock compressor and depressurize the airlock ata
maximum rate of 2 psi per minute. Open the AEPS Og supply sub-
system shutoff valve when the airlock pressure decreases to 1.5 psia.
Verify AEPS pressure regulation is normal

Actuate airlock dump and open airlock to ambiei:t hatch

Disconnect vehicle multiple water connector and activate AEPS pump
Activate AEPS compressor and verify freon evaporator outlet
pressure is normal

Verify CO9 partial pressure is within allowable limits

Manually override temperature control valve and verify water subli-
mator performance, Switch temperature control valve back to auto-
matic operating mode.

Egress Airlock

Perform EVA Mission

Ingress Airlock

Shutdown

Attach vehicle multiple water connecwor

Deactivate AEPS pump

Close airlock to ambient hatch

Attach vehicle Og supply umbilicals; do not open shutof valve
Start airlock repressurization

When airlock pressure reaches 4 psia, turr f AEPS Og supply
subsystem shutoff valve and turn on vehicle Oy shutoff valve; turn
off AEPS fan

When airlock pressure reaches 10 psia, depressurize suit; turn off
vehicle Og shutoff valve; purge suit to equalize pressure; remove
helmet and vehicle Og umbilicals

Open airlceck to cabin hetch

Ingress Cabin
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6.3.6.2 (Continued)

Step 11,

Step 12.

Step 13.

Doff AEPS in Donning Station

Visually inspect AEPS

Recharge/Regeneration/Maintenance

Water Reservoir -Connect vehicle quick disconnect from potable
water supply to water reservoir lill fitting. Attach vehicle drain fit-
ting to the reservoir drain fitting. Recharge until water flow through
the vehicle potable water flow meter ceases. Detach vehicle quick
disconnects,

Oxygen Supply - Ensure Oy supply subsystem shutoff valve is in
closed position. Disconnect low pressure disconnect and remove
spent O2 supply subsystem. Replace with fresh O2 supply subsystem.
Confirm proper AEPS Og supply pressure with AEPS pressure gage.
Metallic Oxide/Charcoal Bed ~ Unclamp and rotate canister access
cover out of way. Remove spent metallic oxidc screen packs and
visually inspect tor signs of damage and/or malfunction. Place used
screen packs in regenerating oven and actuate pressure/temperature
controller. Place fresh screen packs (from storage) in the AEPS
canister and close and reclamp the canister access cover.

Debris Trap - Remove from AEPS and visually inspect for signs of
moisture and contaminants. If excessive contaminants are present,
replace with spare from storage. If contaminants are not present,
replace debris trap in AEPS. Contaminated units are bagged and
transferred to the maintanance area.

Depth Filter - Remove used filter and transfer ‘o sterilization area.
nspect and clean filter housing. Install new filter in AEPS.

Battery - Connect the Vehicle electrical connector to the AEPS
battery recharge connector. Recharge for 12 hours. Battery open
circuit voltage is then checked against acceptable limits. If the mini~
mum acceptable voltage level cannot be achieved, the battery is re-
placed.

Stow AEPS
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6.4 Emergency System Baseline Concepts

Duc to the overall system implications of some of the candidate CO9 control/Og sup-
ply concepts (specifically the open loop candidate concepts), the COq control/()g sup-
ply subsystems evaluation was conducted on the system level, Maximum allowable
COg partial pressure level and total suit pressure level directly affect the overall
emergency system concept and design. Figure 6-22 depicts required ventilation rate
{as measured with the Apollo helmet configuration) versus metabolic rate for CO9
partial pressure levels of 7.6 and 15 mm Hg., The required ventilation rates (based on
metabolic work rate) can be converted to ejuivalent volume and weight penalties for
various total suit pressure levels, as depicted in Figures 6-23 and 6-24. Note for a
metabolic werk rate of 2000 Btu/hr, approximately 4.3 CFM are required to maintain
the COq partial pressure level below 15 mm Hg. Fa. a suit pressure level of 6.75 psia,
this would result in an equivalent volume penalty of 600 in3/hr of mission duration and
an equivalent weight penalty of 24 Ibs/hr of mission duration. These high penalties as-
sociated with higher suit pressure levels indicate that the simple purge >w concept,
such as the oxygen purge system used on the Apollo Program, may be too bulky and
heavy for the intended AEPS applications (especially the longer duration emergency
systems such as Lunar Base and Mars).

This section discusses seven (7) potential emergency system configurations which
might result if the technology recommendations emanating from the AEPS study are
implemented. The schematics discussed are examples of combinations of recom-~
mended subsystems and components, and are not necessarily the only competitive
combinations. Emergency system concepts applicable to Shuttle, Space Station, Lunar
Base and Mars applicatiocns are ircluded in this section,

6.4.1 Emergency System Concept 1 - Space Station/Shuttle (Figure 5-25)

This is a separate, independent emergency system concept which contains all re-
quired life support equipment for extravehicular operation during an emergency in-
cluding an Og ventilation loop, a high pressure Oy subsystera, a water heat transport
loop and 2 thermal control subsystem.

The O2 ventilation loop circulates a reconditioned and replenished Qg supply through
the suit., CO2 and humidity control is accomplished by the addition of a fresh supply
of oxygen at the ejector, which circulates the ventilation system at 6 CFM, and the
purging of suit outlet ventilation flow at the dump valve. The dump valve maintains
a back pressure of .75 + 0, 1 psia,

The high pressure Oy subsystem contains 1.9 pounds of usable Oy at 6,000 psia and
60°F and regulates the ejector upstream: pressure to 200 + 10 psia. In addition, this
subsystem drives the gas-powered pump and regulates pump flow to 4.0 x 0.2 lb/min
and pump inlet water pressure to 6.9 £ 0,2 psia via a pressure accumulator, This
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6. 1. 1 (Continued)

subsy stem consists of an Oo bottle, fill fitting, shut-off valve, pressure regulator
and a low pressure quick disconnecet for replacement (not shown).

The witer heat transport loop cools the suited crewman by supplving and circulating
cool water through a network of tubes b=ilt inlo the erewman's undergarment. The
skin is then cooled by direet conductio~, TFlow through the thermal control subsvstem
ic regulated by a ground adjusiable bypsss valve (adjusted prior to flight).

The water heat (ransport loop is temperature conditioned by a wuter sublimator., The
bladder within the water reservoir is pressurized by the Oy ventilation loop and sup-
plies the sublimator with feedwater. The therinal control subsysiem consists of a
water sublimator, o water reservoir, fill and drain fittings, and a shut-off and relief
va.ve,

The estimated total volume and weight for this AEPS Emergeney system arc 512 in?
and 14,5 pounds, based on an average metabolic rate of 1500 BTU/hr for an emergency

EVA duration of 30 minutes.

6. 1.2 Emergency System Concept 2 - Space Station/Shuttle (Figure 6-26)

This is a separate, independent concept which contains all the required life support
equipment for extravechicular operation during an emergency including an Og venti-
lation loop, a water heat transport loop, a power supply and operating controls. The
O» ventilation loop circulates a reconditioned and replenished Og supply through the
suit  Oxygen from the suit enters the lithium peroxide (LigO») cartridge which re-
moves COs from the ventilation loop and generates oxvgen. QOdors and trace con-
taminants are then removed through physical adsorption by activated charcoal in the
contaminant control canister. The O9 then passes to a water sublimator which cools
the circulated Oo and condenses the entrained moisture. The cooled Q9 continues to
the waler separator where the condensed water vapor is removed and transferred o
the sublinuitor feedwater reservoir. The cool, dry Og then passes to the fan which
circulates a ventilation flow of 6 acfm to the suit, The metabolic exygen make-up re-
quirement is provided bv ithe Li2Og chemical release of O2 plus the output of a sodium
chlorate candle, The LizO2 oxyvgen release is metabolically controlled at approxi-
mately one-half the instantaneous total requirement while the fixed output of the candle
is sized for one-half the metabolic peak of 2500 Btu/hr. The excess oxygen generated
by the candle, while the erewman is working at less than 2500 Btu/hr, is vented over-
board by the suitl pressure control valve,

The water heat transport loop cools the suited crewman by supplying cool water
through the liquid cooling garment utilized for the primary AEPS system operation,
A pump circulates the cooled water through the water heat transport loop ui a flow
rate of 1 Ib/min. The thermal control subsystem is an expendable concept utilizing
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6.1, 2 (Continued)

a water sublimator and a bladder reservoir, The ground adjustable bypass valve is
set prior to flight for the anticipated cooling requirements of the individual crewman,

The estimated total volume and weight for this emergency system concept are 512 in3
and 1t.1 pounds hased on an average metabolic rate of 1500 Btu/hr for an emergency

duration of 30 minutes.

6.1.3 Emergency System Concept 3 - Space Station/Shuttle (Figure 6-27)

This is a separate. independent concept which contains all required life support equip-
ment for extravehicular operation during an emergency including an oxygen breathing
vest/mouth picee assembly, a high pressuce Oy subsysiem, a water heai transport
loop and a thermal control subsystem.

The oxvgen breathing vest/mouth piece assemblyv provides fresh oxygen at the oral
nasal face area as a direct function of crewman inhalation/exhalaticn rate. The
breathing vest consists of a double-walled garment covering the upper torso and worn
over the liquid cooling garment. Because the vest is restrained on the outside by the
inner suit wall, any torso volumetric change causes an equal volumetric change in the
vest. During an inhalation, the reduction in volumetric size of the vest forces the
displaced oxygen to the oral nasal area through the mouth piece. During exhalation,
flow through the mouth piece ceases and the vest is refilled with fresh oxygen from
the high pressure oxygen subsystem, Exhaled breath is purged out of the suit at the
dump valve which maintains suit pressure at 6.75 £ 0, 1 psia.

The high pressure Og subsystem contains 1.6 pounds of usable 02 psia at 60”F and
regulates the gas npowered water pump inlet pressure by a pressure regulator and
supplies the breathing vest with oxvgen through a flow control orifice. Controlling the
puimp gas inlet pressure to 10.8 + 0.2 psia and the pump liquid cooling loop inlet pres-
sure to 6.9 1+ 0. 2 psia via a pressure accumulator provides a pump flow ¢f 4.0 + 0,2
1b/min. This subsystem consists of an O2 bottle, fill fitting, shut-off valve, pres-
sure regulator and a low pressure quick disconnect for replacement (not shown). The
water heat transport loop cools the suited crewman by supplying and circulating cool
water through a network of tubes built into the crewman’'s undergarment. The skin is
cooled by direct conduction and the mean skin temperature is lowered to where little,
if any, perspiration occurs. Flow through the thermal control subsystem is regulated
by a ground adjustable by-pass valve,

The wafter heat transport loop is temperature conditioned by a water sublimator. A
bladder water reservoir pressurized by the oxygen low pressure line supplies the
sublimator with feedwater. The thermal control subsystem consists of a water sub-
{imator, a water reservoir, fill and drain fittings, and a shut-off and relief valve.
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6.4.3 (Continued)
The estimated total volume and weight for this AEPS Emergency System ave 468 in”
and 14. 2 pounds, based in an average metabolic rate of 1500 Btu/hr for an emergency

duration of 30 minutes.

6.4.f Emergency Svstem Concept 4 - Space Station (Figure »-28)

This emergeney svetem concept, when considered in conjunction wiih the AEPS pri-
mary system, contains all required life supvort equipment for extravehicular oper-
ation during an emergency. Svstem reliability is predicated on the assumption that
no single failure can occur that will create a massive decompression of the oxygen
circuit, either within the suit or life support system; that is, the system is designed
to be rugged enough to preclade this possibility. Therefore, the same duct work may
be utilized for bHoth the emergency and primary life support system with the following
prime functions being made redundant:

1. The emergency battery is utilized in the event that the primary battery fails
to function or that it is becoming evident that failure of the battery is about
to take place. A failed primary battery is easily detected by the simuita-
neous drop-off iz voltage and current drain of the fan. pump, compressor,
and bhattery.

The emergency fan is required in the event of a primary fan failure. Check
valves are required downstream of hoth tize primary and emergency fans to
prevent flow short circuitry. A speed sensor easily measures a fan failure
or drop in performance.

eV
.

3. The emergency pump is required in the event of a primary pump failure.
Check valves to prevent short circuitry (shown schematically in the Figure)
are an inherent part of the pumps because they are positive displacement de-
vices, Measuring pressure head and/or current and voltage drain easily
measures a pump failure.

+.  The emergency CO» and contaminant control system and the oxygen supply
system consists of an LigOg cartridge/canister assembly, a contaminant
control canister and a chlorate candle. In the event of a high pressure
oxygen system failure, clogging of the debris trap and/or failure of the me-
tallic oxilc and contaminant control canisters, this entire emergency sub-
system is utilized.

(7]

An emergency thermal control capability is an inherent part of the primary
subsystem. The water boiler is sized for an entire normal mission capa-
bility although it is utilized under normal conditions for handling thermal
peak loads. The PH4Cl thermal storage subsystem has the capability of
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6.+.4 (Continued)

performing an entire normal mission at average heat loads in addition to an
emergency capability at emergency heat loads, Fcr this reason, the com-
pressor is sized for the emergency condition, The automatic temperatur=
control valve is provided with a manual over-ride {o preclude loss of oper-
ation of the valve. In the event the PH,Cl thermal storage loop fails, the
boiler provides thermal control by directly conditioning the liquid cooling
loop and indirectly cooling the vent loop with the LCG in the thermal storage
evaporator. In the event the boiler fails, tne PH4C1 thermal storage loop
provides direct cooling of the LCG and the vent loop in the evaporator,

In addition to the ahove, a dump valve is provided for purging of any over production
of oxygen from the chlorate candle snd the LigOg canisters.

The estimated total volume and weight for this AEPS emergency configuration (the
delta increase over the primary system) is 222 in3 and 8.0 pounds, based in an

average metabolic rate of 1500 Btu/hr for an emergency EVA duration of 30 minutes.

6.4.5 Emergency System Concept 5 - Lunar Base (Figure 6-29)

This concepi contains all the required life support equipment for emergency atmos-
phere revitalization and thermal control during extravehicular operation. This sys-
tem, in combination with the AEPS Concept 4 primary system, provides redundant sui-
systems and components (denoted by dashed lines) to ensure continued function of the
O ventilation loop. oxygen supply subsystem, the water heat transport loop, the power
sm;pply and operating controls. Integration of these components into the primary system
provides a maximum emergency capability for maximum weight and volume impact.

F.mergency COy and tracc contaminant control is provided by a cooled LiOH cartridge
and activated charcoal in a loop bypassing the primary metallic oxide system. Valves
at the inlet and outlet provide positive bypass and sealing of the system when not in
use. The LiOH loop would be placed in operation when the primary system has in-
dicated a failure such as debris trap plugging, high CO5 level or high odor level.

Both prime movers, the cooling loop pump and the vent loop fan, have backups with
check valves preventing recycle through the idle component,

The redundant high pressure Og subsystem contain3 0,52 pounds of usable O2 at 6000
psia and 65°F, and regulates the pressure in the ventilation loop to 5.5 + 0.1 psia
(considering a Lunar Base total pressure of 10. 0 psia). This subsystem consisls oq

an O9 bottle, fill fitting, pressure goges, shutoff valve and pressurc regulator, The
system would only be activated in emergency conditions noted by lo'v vent loop pressure
or low primary O, supply pressure. Other than the pump, redundancy in the water
heat transport iocp is not required,
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6. 1.6 Emergency System Concept 6 - Mars (Figuce 6-30)

This is a separate. independent concept which contains all the required life support
equipment for emergency atmosphere revitalization and thermal control during ex-
travehicular operation including an Oy ventilation loop, a water heat transport loos,

a power supply and operating controls. The Og ventilation loop circulates a recondi-
tioned ard replenished O. supply through the suit. Oxygen from the suit entcrs the
lithium peroxide (LigOy) cartridge which removes COg from the ventilation loop.
Odors and trace contaminants are then removed through physical adsorption by acti-
vated charcoal in the contaminant control canister. The O9 then passes to a water
boiler which cools the circulated Oy and condenses the entrained moiscure. The
cocled O continues to the water separator where the condensed water vapor is re-
moved and transferred to the water boiler to provide additional cooling capacity. The
cool, ¢ry Ov then passes to the fan which circulates a veatilation flow of 6 acfm 1o the
Suit.

The metabolic oxygen moke—-up requirement is provided by the LiyO» chemical re-
lease of Oy plus the output ef a sodium chlorate NaCl0q candle. The Li2O2 oxygen
release is metabolically controlled at approximately one-half the instantaneous total
requirement while the fixed output of the candle is also sized for one-half the meta-
bolic peak of 2500 Btu/hr. The excess oxygen generated by the candles while the
srewman is working at less than 2560 Btu/hr is vented overboard by the suit pressure
control valve,

The water heat transport loop cools the suited crewman by supplying and circulating
cool water through the liquid cooling garment utilized for the primary system opera-
tion. A pump cirvculates the cooled water through the water heat transport loop at

flow rate of 4 1b/min. A pertion of this flow is directed to the LiyQ2 canister for
temperature control dnd to remove the heat of reaction released durir ~ COy absorption
and oxyyon genciation. Flow through the thermal control subgystem is set prior to EVA
for the anticipated cooling requirements of th. "ndividual crewrnan.

“'he therm . ] control subsvstem is an expendable concept utilizing a water boiler.
The estimated total volume and weight for this emergency system concept are 518 in¥
and 15. 3 pounds, based on an average metabolic rate of 2000 Btu/hr for an emergency

duration of one(1) hour,

6.4.7 Emergency Svstem Concept 7 - Mars (Figure 6-31)

This emergency system concept, when considered in conjunction with the AEPS
primary system con*airs all required life support equipment for extravehicular oper-
ation during an emergency. System reliability is predicated on the assumption that
no single failure can occur that will create a massive decompression of the oxygen
circuit, cither within the suit or life support system; that is, the system is designed
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6. 1.7 (Continued)
to be rugged enough to preclude this possibility. Therefore, the same ductwork may
be utilized for both the emergency and primary life support system with the following
prime functions being made redundant:

1. The emergency battery is utilized in the event that:

a, the primary battery (ails to function

b. that it is becoming evident that failure of the battery is about to take
place.

A failed primary battery is easily detected by the simultanecus drop-off in
voltage and current drain of the fan, pump, compressor and battery.

(&

The emergency fan is required in the event of a primary fan failure. Check
valves are required downstream of both the primary and emergency fans to
prevent flow short circuiting., A speed sensor easily measurcs a fan failure
or drop in performance.

[JN]
D

'lhe emergency pump is required in the event of a primary pump failure,
Check valves to prevent short circuiting (shown schematically in the figure)
are an inherent part of the pumps because they are positive displacement
devices. Measuring pressure head and/or current and voltage drain easily
measures a pump failure.

4. The emergeney CO2/contaminant control subsystem and Og supply subsystem
consists of a liquid cooled LigOg9 cartridge/canister assembly, a contaminant
control canister and a chlorate candle. In the event of a high pressure oxygen
system failure, clogging of the debris trap. and/or failure of the metallic
oxide and contaminant control canisters, the entire emergency subsystem is
utilized.

A
.

An emergency thermal control capability is almost an inherent part of the
primary subsystem. The primary expendable /direct radiation system radia-
tor is sized for average normal heat loads and is therefore, not capable of
handling the higher emergency heat loads, A small emergency water boiler
is added for topping off of the radiator in the event the primary water boiler
fails, The automatic temperature control valve is provided with a manual
override to preclude loss of operation of the valve, In addition, a shut-off
valve is included for the eraergency water boiler. Tn the event the radiator

fails, the primary water boiler provides thermal control,
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6.4.7 (Continued)

In addition to the above, a dump valve is provided for purging over production of
oxygen from the chlorate candle and the Li,O, canister.

The estimated total volume and weight for this emergency configuration (the delta in-

crease over the primary system) are 518 in? and 15.8 pounds, based on an average
metabolic rate of 2000 Btu/hr for an emergency EVA duration of one hour,
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7.0 NEW TECHNOLOGY

After establishment of the AEPS baseline concepts, a portion of the study effort was
directed toward generation of a priority listing of required technology development
activity to permit the AEPS recommendations to be implemented. This section
presents the new technology requirements and recommendations listed in crder of

priority.

7.1 Thermal Control

Requirement - Thermal control subsystem that requires a minimum of expendables,

Recommendations

a. Identify, evaluate and operationally develop candidate thermal storage materials
possessing a heat of fusion greater than 300 BTU/1b and melting between 50 to
150°F. One such candidate material--phosphonium chloride (PH4Cl)--has been
identified and analytically evaluated during conduct of the AEPS study, and is
hereby recommended for further research and development. In addition, an
investigation to determine the correlation between heat of fusion and crystal
composition and structural properties is recommended to identify and, if
required, synthesize promising materials with a high heat of fusion.

b. Design and develop a light-weight, deployable radiator with improved thermal
performance characteristics. Research and development is recommended to
develop improved radiator surface coatings and treatments to optimize the
performance and minimize potential surface degradation due to dust, meteorites
and/or normal operational wear.

7.2 COo Control

Requirement - Regenerable COg control subsystem that provides the performance,
regeneration and life characteristics for an AEPS-type application.

Recommendation - Operationally develop a solid regenerable COg sorbent and
associated hardware. Two candidate families of solid regenerable scrbents--
metallic oxides and solid amines--have been identified and analytically evaluated
during conduct of the AEPS study, and are hereby recommended for further research
and development,

7.3 O Sugglz

Requirement - High cyclic life (1000 cycles minimum)/high pressure (6000 psi nominal)
02 supply subsystem that minimizes EVA equipment volume and meets life require-
ments for AEPS-type applications.



(continued)

7.3 Recommendations

HIR Develop high cyclic ife/high static strength (ultimate strength equals 280, 600
psi minimum) pressure vessel material, Materials research and development
in the areas of stainless steels, filament wound materials, etc., is recommended.

b. Design and develop 2 nominal 6000 psi quick disconnect oxygen fill fitting.

C. Develop a method, and the associated hardware, to step up the Vehicle/Base
oxygen supply pressure of 3000 psi to 6006 psi for AEPS oxygen recharge.

7.4 Power Supply

Requirement - High energy density (100 watt-hours per pound minimum)/multiple
recharge capability (100) power supply that minimizes EVA equipment volume and
meets life requirements for AEPS-type applications,

Recommendation - Operationally develop a high energy density, rechargeable electric
storage battery. One candidate--a lithium-nickel halide battery--was identified
during conduct of the AEPS study, and it (together with any other battery demonstrating
a similar or greater energy capacity) is recommended for further research and
development.

7.5 Contaminatnt Control

Requirement - Contaminant control subsystem that maintains the concentration of
particulate matter, biological micro-organisms, and trace gases at acceptable levels
so that the health and comfort of the crewman is safeguarded.

Recommendation - Confirm or modify the AEPS contaminant model selected and
determine the etfect of long term intermittent exposure upon the suited crewman;

then design, develop and test the contaminant control subsystem to confirm performance
characteristics.

7.6 Humidity Contro)

Requirement - Humidity control subsystem that meets life requirements for ACPS-
type applications,

Recommendation - Results of the AEPS study indicate that a condensing heat exchanger
in series with either an elbow wick separator or a hydrophobic/hydrophyllic screcn
scparator are the optimum choices for an AEPS-type application. Research and
development to determine the effect of contamination and bacterial/fungus growth

upon the performance of both of these concepts is recommended to permit design and
development of a long life humidity control subsystem,
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7.7 Prime DMovers

iequirements - Prime movers that have a minimum power consumption and meet the
long life requirements of an AEPS-type applicatiorn,

Recommendation - Design and develop longer life prime movers {(i.e., tan, pump,
and variable-speed compressor) that have higher compressor cfficiency ani lowev
clectronics and bearing losses than those presently being utilized in acrospace
programs,

7.8 Autcmatic Temperature Control

Requirement - Attain improved crewman comfort, decrease the pumber of required
crewman manual operations and obtain more efficient use of expendable water.

Recommendation - Design and develop an automatic temperature controller, Further
research and development is recommended to determine the signal parameters that
provide accurate automatic temperature control, and to develop the required hardware,

7.9 Miscellaneous

The following miscellaneous areas of required new technology are identified and
recommended for further effort (not in any order of priority):

a. Develop automated equipment to permit simple, rapid checkout of the AEPS.
The present Apollo EMU PLSS requires approximately thirty (30) minutes for
checkout prior to egress of the vehicle,

b. Investigate and evaluate potential integration (both functional and physical) of
the crewman's personal maneuvering equipment with the AEPS for EVA missions
in a zero gravity environment.

c. Improve the thermal isolation characteristics of the Thermal Meteoroid
Garment (TMQG), thus decreasing the peak thermal load on the AEPS thermal
control subsystem,

d. Improve the Liquid Cooling Garment (LCG) heat transfer characteristics.
This permits the liquid heat transport loop tc operate at a higher temperature
and thus decreases the power penalty associated with the thermal control
subsystems which utilize a vapor compression (heat pump) cycle.

e, Conduct manned testing to evaluate the short-term and iong-term physiol-
ogical effects of various candidate pressure suit levels (3.5 to 14.7 psia) upon
the crewman. Specific factors ro he determined are:



7.9 (Continued)

L] Renuired versus tolerable Oy prebreathing time
e O9 partial pressure exposure limitations including frequency and duration
° Safe decompression/recompression levels, rates and frequency
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