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SUMMARY

A study was performed to arrive at a preliminary design, mission analysis, and
development plan for a system to orbit two 13-1b female Rhesus monkeys for a period
of six months to one year for the purpose of determining the psychological and physio-
gical effects of extended weightlessness. The experiment-carrying spacecraft is plan-
ned to be placed in orbit by a vehicle of the Apollo Application Program (AAP). Re-
trieval and recovery of the animals is to be effected by the command module of a sub-
sequent AAP flight.

Candidate AAP vehicle configurations were reviewed and a preliminary mission
analysis was performed. As a result of these tasks, it was determined that AAP Clus-~
ter B mission profiles were compatible with the primate experiment objectives. Flight
216 was selected as the launch vehicle for the spacecraft and Flight 221 as the retriev-
ing mission. On the basis of these findings and the experiment requirements, de-
sign criteria and system.requirements for the payload and spacecraft were finalized.

Trade-off analyses were conducted to arrive at the preferred concepts for all
subsystems. These concepts were then translated into preliminary designs of payload
and spacecraft subsystems.

A preliminary reliability assessment was made which indicates an overall sub-
system reliability of 0.942 for the one-year mission. The designs describe a system
which includes the following key features:

e A thermal and atmosphere control subsystem using an active thermal
control loop, stored high-pressure gas, partial pressure sensing and
control, and lithium hydroxide for carbon dioxide removal

® A passive waste management subsystem for feces, urine, and other
animal wastes

® A retrieval subsystem with provisions for retrieving and preserving
a dead animal

® A mass measurement subsystem based on measuring the radiation
attenuation through the animal

e A data management subsystem utilizing government furnished implanted
biosensors and modified Apollo telemetry equipment

® A solar cell electrical power subsystem

® A cold-gas, sun-seeking attitude control subsystem

xxi



A final mission analysis was performed to develop a plan for prelaunch, launch,
on-orbit, and recovery operations. A development plan was also prepared outlining
the steps, time spans, facilities, and equipment required for continuation of the pro-
gram from the end of this study phase through flight.

The conclusions of this study are that the program objectives are achievable with

designs that are essentially within the scope of existing technology and that the desired
flight date of mid-1970 can be met.

xxii




INTRODUCTION

This introduction discusses the program objectives and approach and the study
objectives and approach.

Program Objéctives and Approach

The objectives of the Orbiting Experiment for Study of Extended Weightlessness
Program are to provide:

e Physiological and psychological data applicable to extended manned
space flights particularly in regard to the effects of extended weight-
lessness

e® Scaling factors for long-term life support requirements in the weight-
less environment

e Long-term life support component experience

To this end, the primary goal of the program is to place two primates in orbit for a
duration of six months to one year and to recover them alive at the end of the mission.
Experiment design is the responsibility of NASA OART. The animals including im-
planted transensors will be provided to the contractor as Government Furnished
Equipment. '

The Orbiting Primate Experiment (OPE) will be carried as part of an indepen-
dent spacecraft which is completely self-sustaining between the time of orbit injec-
tion and animal retrieval. A preselected Saturn/Apollo Applications (S/AAP) flight
will be used as the launch vehicle. At the end of the 6 to 12 months mission duration,
the experimental animals will be returned to earth by the Apollo Command Module
(ACM) of a subsequent S/AAP flight. The OPE will be integrated into the overall
S/AAP mission planning which is now in progress. The experimental animals to be
used are two female Rhesus (Macaca mulatta) monkeys, each approximately 13 1b in
weight.

Physiological, psychological, and environmental data will be obtained by tele-
metry during the flight and by histochemical and histopathological examination of the
animals after recovery. Long-term life support requirements will be obtained by re-
lating telemetered measurements of food, water and oxygen consumption, CO2 pro-

duction, and cabin environmental data. Information on life support equipment
components will be obtained by monitoring the telemetered performance of key com-
ponents for the duration of the mission.



Study Objectives and Approach

The objectives of the OPE study reported herein have been to:

e Investigate the requirements which the OPE imposes on the S/AAP
missions '

e Investigate the requirements which the S/AAP missions impose on OPE
hardware and operations '

e Translate the above requirements into criteria for hardware design and
operations

e Conduct tradeoff studies to examine all significant approaches to meet-
ing the requirements and select a preferred concept

e Provide a preliminary design definition of a flight system which will
fulfill the mission objectives and conform to the preferred concept

e Derive a development plan for a logical progression of the program from
the conclusion of this study through the conduct of the flight mission

The Lockheed approach to meeting these objectives is shown in the work flow
diagram of Fig. 1. In general, the plan consisted of transforming NASA experiment
requirements and the results of a preliminary mission analysis and review of S/AAP
configurations into a set of spacecraft requirements and design criteria. These, then,
formed the basis for conducting tradeoff analyses of various design approaches for all
subsystems and the spacecraft itself. The output of these analyses yielded the pre-
ferred concept. After approval of these selected approaches by NASA following the
midterm review of 28 June 1967, the concepts were translated into spacecraft and sub-
system preliminary designs as well as drawings and specifications for a laboratory
test model of the payload. As the design definition progressed, major S/AAP inter-
faces were identified and resolved and a final mission analysis was developed. As a
final step, the preliminary design definition was used as a basis for formulating a
development plan for continuation of the program through the flight phase.
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DESIGN CRITERIA AND SYSTEM REQUIREMENTS

This section discusses the OPE design guidelines which were formulated early
in the study phase as Task 2 under the contract. It reflects requirements established
by the contract Statement of Work, discussions with NASA/LRC personnel and the
Principal Investigator, and portions of the results of Task 3 (Preliminary Mission
Analysis), and Task 4 (Review of S/AAP Configurations).

Design Objectives

Mission-oriented objectives for the design of the spacecraft and payload were
established by four major program phases:

Preflight Operations

Launch and Launch Operations
In-Orbit Operations

Recovery and Postflight Operations

Preflight operations. — Preflight operations are discussed in the following
paragraphs.

Safety: The spacecraft design and spacecraft operations at ETR will comply
with ETR range-safety requirements and approved KSC prelaunch procedures.

Animal insertion: The KSC nominal prelaunch procedures for S/AAP flights
are being used as interim data for the preliminary definition of OPE prelaunch pre-
parations for flight. Their evaluation has shown that the SI.A is normally closed 24
days prior to launch. To provide the means for animal examination and bio-
instrumentation adjustment up to the launch day, the animal canisters will be designed
to allow insertion of the animals into the payload by T-14 days. No additional access
provisions in the SLA will be required. Animal simulators will be used for portions
of the spacecraft all-systems checks extending from the T-14 day to the launch day.

Access: A major factor for efficient prelaunch operations and high reliability
is adequate access to spacecraft systems and subsystems which must be serviced,
checked-out, or exchanged during the remaining days prior to the launch day. Access
to these equipments without removal or disconnection of other associated equipments
is therefore required.

AGE installation: Mechanical and electrical AGE installed near the spacecraft
will be required to perform the spacecraft all-systems checks necessary to verify
launch readiness.



Launch and launch operations. — Launch and launch operations are discussed
in the following paragraphs.

Launch: The final design of the spacecraft will be based upon the weight,
volume, and environmental constraints presented below.

Launch weight: An estimate for the maximum allowed weight of the spacecraft
is derived for use as a design guideline. It is based upon the planned S/AAP flights,
and their experimental-payload capabilities, presented by MSFC in NASA-MSFC
"Guidelines for Payload Integration, Phase "D'" Proposal, Revision "A", March 7,
1967 (Ref. 1).

The S/AAP 200-series earth orbit missions, the weights of experiments planned
for these flights, and a description of these experiments are reproduced from the
MSFC document in Tables 1 through 3. The following entries on these tables are
highlighted:

e Table 1 . Launch of the OPE spacecraft aboard the SLA on Mission 216 or
217, and recovery aboard the CM on Mission 221, would be required to ful-
fill the requirement for orbit durations of 6 to 12 months.

e Table 2 . With respect to Missions 216 and 217, only the former has the
payload capability to accept additional experiments greater than a few hun-
dred pounds.

e Table 3 . One of the experiments planned for flight is Experiment T009,
"Primates in Long Term Zero G."

From Table 2 , the total allocated weight of experiments is 200 1b. Assuming
no weight growth of these experiments, the payload capability left is 7,279 lb. Assum-
ing that the OPE spacecraft might be added as another experiment, a rough estimate
of its maximum allowed weight is derived as follows:

200 1b allocated weight of other-than-OPE experiments

400 1b estimated, potential growth weight of other-than-OPE experiments
7,279 1b - 4001b = 6,879 1b

6,879 1b - 20% (6,879) = 5,5001b

The 6,879-1b figure represents an estimated maximum weight of OPE allowed on
the launch day. The 5,500-1b figure allows for a potential weight growth and a con-
tingency margin. The target weight of the OPE spacecraft is established as 5,500 Ib.

Launch volume: The available space for experiments inside the SLA is shown
in Fig. 2 . The available volume for experiments (payload envelope) is 4,525 ft3.
The locations of experiments other than the OPE spacecraft within this volume, their
individual dimensions, and attachment structure are not known.
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TABLE 2

MISSIONS 216 AND 217, PAYLOAD WEIGHT CAPABILITIES

MISSION: 216 217
CARRIER: CSM OWS NO. 2
AM/MDA
TOTAL PAYLOAD CAPABILITY 40, 300 27,900
PAYLOAD ALLOCATED 33,021 27,667
SLA 3,950 -
Adapter/shroud - 4,100
Nose Cap - 1,067
CsSM 25,262 -
Expendables/spares - 2,000
SPS Propellant 3,109 -
AM - 8,705
MDA - 3,595
Stage Mod. 300 2,500
Solar Panel - 4,100
Booster Yaw - 100
Experiments 200 1,500
Support Rack 200 -
AVAILABLE PAYLOAD WEIGHT 7,279 233
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Experiment
Designation

T005
T006
T007
TO009
T014
TO015

M433

TABLE 3

MISSIONS 216-221, PLANNED EXPERIMENTS

Experiment Name

Biomedical Laboratory (Early Version)
Fusible Material Radiator

Vision Test Equipment Evaluation
Human Transfer Functions

Primates in Long Term Zero ''g"
Orbital Horizon Definition

Meteoroid Composition

Multi-Sphere Satellite (MSFC 47)
Satellite Recovery

Behavior of Particular Material (MSFC 54)
Liquid Drop Dynamics (MSFC 26)
Condensing Heat Transfer

Fluid Density Gradient (MSFC 43)
Project Thermo

ATM-B

Application "B, " Natural Resources
Electromagnetic Radiation

Infrared Spectrometer Radiometer
Earth Albedo Measurements

Cosmic Ray Neutron Albedo Spectrum

Ultraviolet Remote Sensing Measurement
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Fig. 3 compares the space required by the OPE with the volume occupied by
other prime AAP payloads on other flights. It is clear that any single flight can accom-
modate only one of the three prime payloads shown. The selection of ascent Mission
216 is based on this comparison.

Launch environment: The design of the spacecraft will be designed for success-
ful operation of necessary functions during and after exposure to the launch environ-
ments delineated below.

1. Vibration. The booster vibration phenomena involving resonant frequencies
of the total vehicle and short-time instabilities of the propulsion system may influence
spacecraft vibration during powered flight. Coupling between low-frequency modes
and steady-state oscillations will be assumed. The sinusoidal and random vibration
amplitude-frequency-time histories presented in Figs. 4 and 5 will be used.

2. Acoustic noise. During liftoff and transonic flight, acoustic pressure fields
surrounding the vehicle will occur, causing random vibrations of structural members
and systems of the spacecraft. Noise will be generated during liftoff by combustion and
aerodynamic shearing forces associated with the Saturn's rocket engine exhaust. Noise
amplification due to ground reflection will occur. The magnitude and character of the
noise field affecting the spacecraft will therefore depend upon the rocket-engine char-
acteristics, distance of the spacecraft from the noise source, and factors affecting the
reflection of exhaust gases. The acoustic noise amplitude-frequency-time histories
presented in Fig. 6 will be used. .

3. Acceleration and dynamic pressure. The acceleration-time and pressure-
time histories for a nominal trajectory of the S-IB vehicle, shown in Figs. 7 and 8
will be used.

4. Velocity. The velocity-time histories for a nominal trajectory of the S-IB
vehicle, shown in Fig. 9, will be used.

In-orbit environment: In-orbit environment covering micrometeoroid data and
nuclear radiation is discussed below.

1. Micrometeoroid. Analysis of impact data obtained from space vehicles
indicates the presence of a higher concentration of meteoric dust near the earth as
compared with interplanetary space. Three characteristic zones to the earth's par-
ticle belt have been suggested by meteorologists. The zone nearest earth covers the
altitude range from 100 to 400 km. Its characteristics are as follows:

Flux impact, 0.1 to 1. O/mz—sec

Flux mass, 10 -13 to 10712 gm/cm2-sec

Particle concentration, 4 x 10~11 to 4 x 10-12/m3
Density, 4 x 10-19 to 4 x 10~18gm/cm3

The spacecraft will be designed against meteoroid penetrations which may degrade
the operation of necessary functions. Averages of the above characteristics will be
used.

11
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2. Nuclear radiation. The penetrating radiation environment for a low-altitude,
low-inclination, circular earth orbit will be considered. This orbit is protected from
solar flare plasma by the geomagnetic field. Trapped artificial electrons form the

major part of the electron dose. The following integrated mission fluxes for these
orbits will be used:

e Protons, 4 Mev, 6 x 104 p/cm2
e Electrons, 0.5 Mev, 5 x 108 e/cm?2

Ascent sensing: Knowledge of the acceleration, vibration, and noise levels
actually experienced by the spacecraft (equipment and animals) during powered flight
is necessary to assure that the experimental results will be meaningful. This is so
because of uncertainties concerning the expected severity of, and responses from,
these levels. The exposure of the animals to levels more severe than expected can
degrade (or preclude the acquisition of) the experimental data. Knowledge of the
acceleration, vibration, and noise is used to interpret the test results if in wide dis-
agreement with predicted results.

In-flight measurements of vibration, noise and acceleration inside of, and as
affected by, the SLA are therefore required. The continuous measurement of these
environments during powered flight, to determine local conditions at several points
common to the LM adapter and the spacecraft structure, are specifically required.
The measurement of energy levels in discrete ranges of frequencies, and not complete
vibration and noise spectra, would probably suffice.

Criteria: The orbits chosen for the OPE spacecraft must meet the following
mission requirements:

# The orbital lifetimes must be within the mission duration range of 6 to 12
months.

o The spacecraft must be stabilized to within 0. 001 g steady-state and 0.01 g
transient accelerations.

e A complete readout of basic physiological data including housekeeping and
TV data will be collected for a 5-minute period four times per day, to be
transmitted to earth once per day upon command. This is a minimum.

It is also desirable for the orbits chosen to have the following characteristics:

e At the end of the on-orbit mission, a spacecraft orbit altitude near the
Mission 221 CM orbit altitude is required in order to minimize the CM
propulsion required to execute the rendezvous sequence.

e For a given time of launch (year, quarter) and initial orbit inclination angle,

it is desirable to maximize solar-cell efficiency through a predetermined
orientation of the spacecraft relative to the sun.
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e The ground traces associated with the on-orbit altitudes should result in the
maximum utilization of the Apollo ground stations without modification.

® The initial orbit-inclination angle selected to maximize spacecraft/ground-
station contact times should be approximately the same as that tentatively
planned for Mission 216 (29 degrees).

e The initial orbit altitude selected to meet the spacecraft mission-duration
requirements should be the same as that tentatively planned for Mission
216 (260 n. mi.).

In-orbit operations. — In-orbit operations covering communications, setup and
calibration, spacecraft control center, and astronaut EVA are discussed in the follow-
ing paragraphs.

Communications: The capability of remote monitoring and control of payload
status data is required. The spacecraft will use a communications subsystem to
transmit wideband 5 Mc data to earth. A ground-station network capability of a
minimum of two contacts per orbit revolution for 12 months to receive this data is
required. The airborne Data Management Subsystem must be compatible with the
configuration and capabilities of the Apollo ground station network (MFSN). Television
cameras will be used aboard the spacecraft to observe animal activity and must be
tape recorded at the acquiring stations.

Setup and calibration, operation: Checkout of the spacecraft (payload and critical
systems) at periodic intervals during the 12-month orbital flight is required to verify
satisfactory equipment operation. External artificial stimuli or fault isolation pro-
cedures which are built into the spacecraft are required.

Spacecraft operations control center: The transmission of all experimental data,
once acquired by or returned to earth, in near real-time to a central control center
for processing and to facilitate timely decisions on contingency command procedures
is required. This requirement is especially stringent with respect to lifecell data.

Astronaut EVA: Following CM/spacecraft rendezvous after completion of the
spacecraft in-orbit phase, astronaut extra-vehicular activity is required to retrieve
the primate-retrieval canisters. The crew skills required fall into the following
categories: observation skills (cognitive-perceptual) and actual mechanical manipu-
lation (motor).

Recovery operations. —Recovery operations are discussed in the following
paragraphs.
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Recovery weight and volume: The weight and volume of the animal retrieval
canisters must be compatible with the return capabilities of the retrieving CM. Any
required rearrangement or modification of the CM to achieve this must be kept to a
minimum level without compromise to AAP mission objectives.

Postflight disposition: Retrieval of the monkeys soon after earth landing and
return (alive or dead) to a postflight examination laboratory is required.

Life Support and Environmental Requirements

Environmental requirements. — The conditions which will be maintained within
the lifecell are as follows:

Temperature 75 = 3°F
Total Pressure 14.7 + 2 psia
Oxygen Partial Pressure 18 — 30%*
Carbon Dioxide Partial Pressure 1% * maximum
Methane Partial Pressure 4. 6% * maximum
Trace Contaminants 0.1 ACGIH TLV **
Relative Humidity 50 + 10%

30 to 85% for 1 to 2 days
Air Velocity 30 ft/min
Air Flow (Two Cages) 424 CFM (1908 Ib/hr)
Leakage Rate 0.3 1b/day maximum

0.07 lb/day minimum

Metabolic requirements. — The animal basal metabolic rate was determined to
be 291 K cal/day or 1,155 Btu/day. This value was derived from information pre-
sented in Ref. 2.

The data given for the Rhesus primate is:
Basal metabolism = 48.4 K cal/kg/day
For a 6 Kg animal, basal metabolic rate is:
BMR = (6)(48.4) = 291K cal/day = 1,155 Btu/day

The animals are presumed to be functioning at an average metabolic rate of 1.5 x
basal, or 1,735 Btu/day.

The CIBA food pellet selected to sustain the animal is spherical in shape and
approximately 7/16 inch in diameter. The composition of the pellet is as indicated

*of 14.7 psia
**American Conference of Government and Industrial Hygienists Threshold Limit
Value (1965)

20




in the following listing:

Percent
Sucrose 14
Banana flake 20
Soybean flour 30
Dried egg white 10
Non-fat dry milk 8
Dried whole egg 4
Wheat germ 5
Brewers yeast 2
Sodium saccarin 1

Sodium sucrose 1

Calcium lactate 0.70
Todized salt 0.01
Other 0.04
Vitamins

A-D

B, —-B

P:}tntothenic acid 0.25

Nicotinic acid

: }

Binder 4

The carbon dioxide production rate, oxygen, and food required to sustain body weight
at the established levels is determined from the data listed in Table 4.
TABLE 4

CONSUMPTION OF O2 AND PRODUCTION OF CO2 AND
HEAT IN METABOLISM OF FOOD PELLET

SUBSTANCE Composition O2 Required | COg Produced Heat Produced
(gm/1 gm pellet) (ce) (cc) K-call BTU
Carbohydrate 0.56 465.0 465.0 2.35] 9.40
Fat 0.04 80.6 57.3 0.38} 1.52
Protein 0.26 248.0 201.0 1.14| 4.56
Roughage 0.14 —_— —_— — —
Total 1.00 793.6 723.3 3.87115.48

The daily food pellet requirements are found as follows:
Average daily metabolic rate = pellets/day x 15.48 Btu/pellet

n = pellets/day 15.48 = 112 (for one animal)
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The oxygen required to metabolize this quantity of food and the carbon dioxide
produced are determined as follows:

O, required = 793.6n = 793.6 x 112 = 88,000 cc/day
For standard temperature and pressure conditions (STP) 88,000 cc/day = 0.260
Ib/day. COg produced = 723.3n = 81,200 cc/day. For standard temperature and
pressure conditions (STP) 81,200 cc/day = 0.335 lb/day.

The animal water balance is given as follows:

gm/day
Water Intake 420
Metabolic Production 72
Total 492
Urine Output 318
Insensible Loss 174
Total 492

For the 379-day mission (365 days + 14 days on pad) a total of 93, 386 one-gram
food pellets and 772 1b of water are required. These quantities include a 10 percent
contingency margin as shown in Fig. 10 and 11. A total of 197 lIb of metabolic
oxygen will be required for the mission, as indicated in Fig. 12.

Preservation Requirements. — Although one of the key program objectives is to
recover both primates alive, it is considered essential to design into the payload the
means for primate preservation should his death from natural, or flight-imposed,
causes occur.

The anthropometric data presented in Figs. 13a and 13b will be used to deter-
mine the preservation-design requirements and to size the primate retrieval canisters.

Data requirements. — The following implanted physiological sensors will be
included:

e Electrocardiogram
® Respiration
e Body Temperature

Other primate-oriented sensors will include the following:

Primate Activity

Vocalization

Mass Measurement
Psychomotor Performance
High- and Low-Resolution Video

No exceptions to the contract data requirements are taken.
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Behavioral program. — A behavioral program and task panel is required to
monitor animal pyschological performance. This equipment will be used as the
primary enabling source for supplying food and water to the animals. The criteria
for the design of this equipment will be based on the requirements of the Principal
Investigator as expressed through NASA/LRC.

Spacecraft Requirements

Spacecraft requirements for spaceframe, guidance and control, electrical
power, data management, thermal control, and aerospace ground equipment are
discussed in the following subsections.

Spaceframe. — The spaceframe will house, support, and protect all other ele-
ments of the spacecraft and payload during ascent, spacecraft separation, final orbit
injection, and solo orbit. Design considerations are:

e Optimum configuration for allowable envelope volume

e Subsystem packaging to maximize radiation and meteoroid shielding
of the payload

e Ease of installation into and separation from the Apollo vehicle

e Ease of access for installing the animals in the payload

e Optimum moments-of-inertia and mass distributions for attitude
control

Guidance and control. — The Guidance and Control System will control on-orbit
angular rates so that the animals experience no more than 1 X 10-3 g steady state
and 1 x 10~2 g transient accelerations. The design will also take into consideration
such factors as antenna pointing, solar array orientation, drag area, and thermal
control.

Electrical Power. — The electrical power subsystem is required to supply
power to all spacecraft and payload equipment during all phases of the mission. Sys-
tem responsibility will cease at the 28v (nominal) DC bus. It will interface with the
pad ground source during on-pad operations, be self sustaining from lift off to launch
vehicle separation, and as a self-sustaining system during solo-orbit operations.

The planned orbits are low-inclination orbits out of ETR. Therefore, if a solar energy

source system is used, it must be capable of operation on a continuous basis through-
out an approximate 50-50 light-dark schedule.

Data management. — The data management subsystem will transmit and receive
all spacecraft and payload data between the spacecraft and the ground stations. The
data to be measured will include spacecraft diagnostic information and payload oper-
ating characteristics. The system will also include antennas, recording equipment
for storing data which are gathered between ground station readouts, any timers or
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programmers for cyclic operation of equipment, and the necessary command equipment
for enabling, initiating, or stopping spacecraft or payload functions or for overriding
programmed functions. The system will be compatible with the Apollo ground station

net (MFSN) with minimum impact on ground equipment existing between late 1969 and
1971.

Thermal control. — The thermal control subsystem will maintain the spacecraft,
payload, and all on-board systems within required temperature limits during the
mission sequence from prelaunch to earth landing. Consideration will be given to
such factors as:

@ Internal heat sources and absorbers (chemical, metabolic, mechanical, and
electrical components)

e External heat sources and absorbers (launch environment, ascent heating,
proximity to launch vehicle, solar, albedo, and earth shine)

e Equipment location and mounting (conduction and convection paths, heat
barriers)

e Unequal thermal expansion or warping of critical structures (booms, antennae,
solar arrays, etc.)

Aerospace ground equipment (AGE). — The approach for the fulfillment of all
AGE requirements will be the maximum utilization of existing equipment or its modi-
fication, where necessary, and the identification of any additional equipment required.

AGE equipment requirements will be established by three major program phases:

® Vehicle systems test at the factory
® Systems tests and prelaunch operations at the launch site
® DPostlaunch operations at the recovery site

Handling, checkout, and servicing equipment will be utilized to accomplish all
of the above mentioned program phases. Their designs will eventually be based upon
the following basic considerations:

® Multipurpose usage

e Compliance with the requirements for the handling and transportation loads
imposed upon the spacecraft

Maximum expected life of two years with reasonable servicing and replace-
ment of parts

Interchangeability of parts between all similar AGE and components

The preference for semi-automatic equipment

Human engineering principles

Mobility (where applicable)
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e Coupling to the spacecraft without degradation to spacecraft subsystems
reliability or the establishment of unrealistic test conditions

e ETR prelaunch operations policies and procedures

e NASA/LMSC postflight operations requirements

The design of the spacecraft will not dictate the use of new AGE equipment or

techniques without adequate tradeoff analysis data.
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PRELIMINARY MISSION ANALYSIS AND AAP REVIEW

This section presents the preliminary mission analysis and review of candidate
S/AAP configurations (Tasks 3 and 4) to support the evaluation and selection of system
concepts. The principal consideration of the analysis was the AAP mission profile and
its potential impact upon the OPE mission and spacecraft design. The mission analysis
results provided the framework for accomplishing the following tasks:

® KEstablishment of spacecraft configuration requirements and preliminary
subsystem interfaces (Task 4)

® Completion of spacecraft system tradeoff studies and definition of candidate
spacecraft/payload systems (Task 5)

® Selection of preferred spacecraft and subsystem concepts (Task 6)

The preliminary mission analysis was performed in the following sequential steps:

e Evaluation of S/AAP mission profiles
® Definition of the optimum mission profiles for maximum experiment utilization

® Determination of best suited S/AAP flights capable of accommodating the
spacecraft

Evaluation of S/AAP Missions
The evaluation of the S/AAP Missions is discussed in the fdlowing paragraphs.

Basis, scope, and AAP description. The 14 March 1967 status of the NASA -
approved AAP planning schedule is the basis for the schedule information presented in

this section. This planning schedule and the payload modules approved for flight are
presented in Table 5.

The material presented in Refs. 1 and 3 is consistent with Table 5 and was used
as the basis for this section. Reference 1 constructs the Cluster A design reference
mission. It was prepared by Lockheed under contrast NAS 8-21003 with NASA-MSFC
as part of the AAP Payload Integration Final-Definition Phase (Phase C) results.
Reference 2 comprises the MSFC Phase D proposal — Preparation Guidelines.

As indicated in Table 5, the near-earth orbital Apollo missions are designated
the '"200 Series" flights. They are grouped to comprise the Cluster A, B, C, and D
missions. Each cluster mission is executed by assembling in orbit the combined pay-
loads carried into orbit by multiple launches of the Saturn 1B launch vehicle. Cluster

31

T



TABLE 5

AAP PLANNING SCHEDULE

(10 March 1967)
Launch Payload Module Launch Year/Quarter
Flight Vehicle (Excluding SLA) 68 69 70 71 72 73
Cluster "A"
Basic Mission Al 207 CSM, Rack/LM and S8 I
A2 209 OwWS-1, AM, MDA, Nose Cone
A3 211 XCSM I
A4 210 LM, Rack/ATM-A, Nose Cone
Resupply Mission A6 212 XCSM ]
A6 2138 XCsM I
Alternate Mission AT 214 LM-A, Rack/EMR l
As 215 XC8M I
Cluster "B"
Basic Mission Bl 216 CsSM
B2 217 OWs-2, AM, MDA, Nose Cone
B3 218 XCsM
B4 219 LM-A, Rack/ATM-B, Nose Cone
Resupply Mission B5 220 XCSM l
B6 221 XCSM or LCSM l
Cluster "C"
Bagic Mission C1 517 {(Not identified)
c2 222 XCsSM
Alternate Mission Cc3 223 LM-A, Rack/EMR
Contingency Payloads C4 224 (Not identified) I
C5 225 (Not identified) I
Cluster "D"
Basgic Mission D1 521 (Not identified) I
D2 226 XCSM
Alternate Mission D3 227 LM-A, Rack/EMR
Contingency Payloads D4 228 (Not identified) 1
D5 229 (Not 1dentified) 1
Synec. Orbit Missions
Three Missions - 513 XCSM, LM-A, ATM-C
- 514 XCSM, OWS-3, AM, MDA |
- 522 XCSM, LM-A, ATM-D
Lunar Orbit Missions
Two Missions 510 (Lunar Mapping and Survey)
518 (Lunar Mapping and Survey)
Lunar Orbit/Surface Missions
Eight Missions 511 (Lunar Surface Exploration) l
512 (Lunar Surface Exploration) I
515 XCSM, LM Shelter l
516 XCSM, LM Taxi i
519 XCSM, LM Shelter |
520 XCSM, LM Taxi l
524 XCSM, LM Shelter l
525 XCSM, LM Taxi l
Interplanetary Mission
One Mission 528 {Interplanetary Flight Module) |
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orbital lifetimes are extended by resupplying the cluster expendables and by crew

rotation through later flights of the Saturn 1B. As shown in Table 5 , the time period
covered by the Cluster C and D basic/resupply launches is 4th-quarter 1971 through
3rd-quarter 1973. These flights are excluded from consideration in this section

because of the NASA objective to fly the OPE spacecraft before the long duration manned
interplanetary missions are undertaken. Only the Cluster A and B missions according

to the 14 March 1967 status (approved by MSFC) are evaluated in the following paragraphs.

Potential changes in basis of evaluation. The schedule presented in Table 5 has
been studied by LMSC-AAP for improvements that would best achieve the MSFC inte-
gration requirements. Recommended changes to the MSFC schedule and payload-flight
groupings have resulted, one of which is reported in Ref. 4. This material was pre-
sented to NASA-MSFC on 26 May 1967. These, as yet unapproved versions, differ
importantly from their latest approved counterpart. The divergence could result in
different OPE designs for optimum experiment utilization and integration. The
unapproved versions are discussed in Appendix A.

New MSFC Phase DProposal — Preparation Guidelines were obtained during the
final period of preparing this report. These new guidelines are contained in Ref. 5.
Mission descriptions, mission profiles, and associated data which differ importantly
from the previous MSFC guidelines are included, and summarized in Appendix B for
information. Four alternate mission profiles which respond to these new guidelines
are analyzed in Ref. 6.

Due to the complexities of integrating many different experiments, the require-
ments for AAP flights are changing and probably will continue to change until the results
from Phase D become available. The changing nature of the AAP plans are apparent
in Table 5 where alternate flights and flights to carry contingency payloads are
assigned.

As shown in Appendix B, some of these plans include methods of accomplishing
OPE mission objectives by means of modularized packages incorporated as part of the
overall cluster. This study recognizes that such alternate approaches are feasible.
However, the analyses which follow are directed primarily to the design of an indepen-
dent OPE spacecraft that depends on S/AAP flight vehicles only for orbit injection and
experiment retrieval. If, for some reason, the modular approach should later be
deemed more attractive to NASA, the preliminary designs of critical subsystems could
be repackaged with little impact on program continuity.

Cluster A basic mission. The Cluster A basic mission consists of four uprated
Saturn IB flights, carrying the following payload modules:

Flight Vehicle Payload Module (excluding SLA)
Al 207 CSM, Rack/LM and SS
A2 209 OWS-1, AM, MDA, Nose Cone
A3 211 XCSM --
A4 210 LM, Rack/ATM-A, Nose Cone
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The OWS is the orbiting workshop, synonymous with the Modified S-IVB Stage.
These four flights are planned for launch over a period of 3 to 7 months (depending
upon final mission requirements) beginning in 2nd quarter 1968.

Integrated mission profile: The Cluster A integrated mission profile is presented
in Fig. 14. It consists of two dual launches separated by a period of 3 to 6 months
during which the OWS-1 is stored in orbit in an inactive mode. The initial altitude of
260 n. mi. was tentatively selected to ensure an adequate lifetime in orbit to accom-
plish the longer duration second portion of the mission. This altitude will ultimately
be based upon the payload-weight/booster-capability compatibility. The first manned
portion of the mission (A1/A2) has a 28-day duration during which the OWS-1 is made
habitable and the experiments are activated. The second manned portion of the mis-
sion (A3/A4) has a duration of 56 days during which the OWS-1 is reactivated and the
solar ATM experiments are performed. Both of these mission segments are referred
to as dual launches since CSM rendezvous is required to complete the assembly in
orbit. The sequence of events to be performed in each segment is presented in Tables
6 and 7. The completely assembled Cluster A configuration is illustrated in Fig. 15.

Experiments and mission weight status: Experiments and experimental tasks to
be conducted aboard Cluster A are identified in Table 8. The grouping of experiments
into four launch payloads is dependent upon the exact definition of their requirements
and the cluster consumable requirements. For the experiment groupings and require-
ments used in Ref. 3, the weight status for each mission presented in Table 9 applies.
All missions show positive performance margins although all flights are currently
above the target weight. No mission is presently weight critical.

Return requirements and return capability: Due to the large amount of data to
be collected, the Apollo CM will require modification to accommodate the return pay-
load packages. The current mission return requirements are compared against the
CM return capability in Table 10. Although the data from which the return require-
ments were derived (volume and weight of individual return packages) may not be
firm, it is expected that as many requirements for the experiments will increase as
will decrease, so that the entries in Table 10 can be considered good working numbers.

The CM capability is actually an area of some flexibility requiring iteration
between the experiment needs and the making use of CM spares. Considering the
possible CM capability indicated on the summary table, stowage volume appears to
be a greater problem than weight. The actual dimensions of return packages cannot
always make efficient use of the vacated spaces. Data return packages and techniques
similar to those employed by the Discoverer Program are being considered.

SM propellant requirements and propellant capability: The estimated SM pro-
pellant requirements of the A1/A2 flights for each major phase of the 28-day mission
are compared against the current SM capability in Table 11. Propellants required of
the secondary propulsion systems (SPS) and reaction control system (RCS) are sub-
totaled, and a 10 percent contingency factor is applied to yield the total propellants
required. Table 11 indicates that the available tank capacity of the SPS is sufficient
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TABLE 6
A1/A2 SEQUENCE OF EVENTS -

Day

A1/A2 Events, Referenced From A1l Launch Day

Launch A1 from LC 34 at KSC. Injection orbit is 80 by 120 nautical miles.

Transpose CSM and dock to LM and SS. Jettison S-IVB spent stage.

Perform apogee service propulsion system (SPS) burn to circularize orbit
at 120-nautical-mile altitude.

Activate and perform LM and SS and scientific experiments that are earth
oriented.

Launch A2 from LC 37B at KSC. The A2 injection orbit is 260 by 260
nautical miles. Jettison nose cap and open SLA panels. Perform CSM
terminal phase maneuvers in order to rendezvous with the A1 vehicle.

Perform maneuvers to dock the CSM and the LM and SS to the OWS.
Complete the LM and SS/MDA radial docking and CSM/MDA axial docking
activities and initiate the OWS passivation and habitation procedures.
Deploy AM solar arrays, connect umbilicals, and pressurize the OWS.
Complete LM and SS operations, deactivate experiment module, and
retrieve film package via EVA.

11-25

Conduct OWS engineering experiments and biomedical experiments.

26—27

Retrieve all data packages and stow in CM for return. Transfer equip-
ment to storage locations and deactivate OWS. Depressurize OWS and
isolate pressure-sensitive equipment in AM. Orient OWS long axis
toward center of earth to achieve gravity gradient stabilized mode.

28

Separate CSM from MDA. Conduct deboost, entry, and recovery operations.
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TABLE 7

A3/A4 SEQUENCE OF EVENTS

Day

A3/A4 Events, Referenced for A3 Launch Day

Launch A3 from LC 34 at KSC. Injection orbit is 80 by 120 nautical miles.
Jettison S-IVB spent stage. Perform apogee SPS burn to circularize
parking orbit at 120-nautical-mile altitude in order to provide adequate
lifetime while waiting for the launch of A4.

Launch A4 from LC 37B at KSC. Injection orbit is 240 by 240 nautical
miles. Jettison nose cone and open SLA panels. Perform CSM maneuvers
in order to rendezvous with the LM/ATM within the 7-hour IU lifetime of
the A4 booster. Hard dock CSM and LM. Jettison S-IVB. Initiate phasing
ellipse in order to adjust relative positions of OWS and the CSM/LM, as
required.

Perform maneuvers to rendezvous the CSM/LM and OWS. Transfer two
crewmen to the LM. Free-fly the LM and hard dock to a radial MDA port
while the CSM stands by in a stationkeeping position. Perform CSM hard
docking to the axial MDA port. Reactivate OWS, connect umbilicals, set
up experiment equipment. Checkout and prepare LM for ATM operations.

Conduct experiment operations with ATM as first priority and bio-
medical as second priority.

Conduct experiment operations with reduced ATM emphasis and continuing
biomedical observations. Conduct correlative scientific experiments
primarily during this period.

51—53

Continue experiment operations with primary emphasis on biomedical data.
During this period, perform OWS experiments to be repeated from A1/A2,

54 —55

Stow all data packages to be returned in CM. Transfer equipment to
unmanned storage locations and deactivate OWS. Orient OWS in gravity
gradient attitude.

56

Separate CSM from MDA. Conduct deboost, entry, and recovery operations.
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TABLE 8

CLUSTER A PLANNED EXPERIMENTS

Exp.

No. Experiment Name

S052 White-Light Coronagraph High-Altitude Observatory

5053 UV Spectro-Heliograph; EUV Spectrograph; EUV Telescope/
Naval Research Laboratory

S054 X-Ray Spectro-Heliometer

S055 UV Spectro-Heliometer; UV Spectrometer; Hydrogen-Alpha
Telescope/Harvard College Observatory

S056 X-Ray/EUV Telescope/Goddard Space Flight Center

——— Lunar Mapping and Surface Survey

D017 Carbon Dioxide Reduction

D018 Integrated Maintenance

D019 Suit Donning and Sleep Station Evaluation

D020 ‘Alternate Refraints Evaluations

D021 Expandable Airlock

D022 Expandable Structure for Recovery (Operation)

Mo018 In-Flight Vectorcardiogram

MO050 Metabolic Cost of In-Flight Tasks

MO051 In-Flight Assessment of Cardiovascular Function

MO052A Bone and Muscle Changes

MO052B Bone and Muscle Changes

MO053 Human Vestibular Function

MO054 Neurological Study

MO055 Time and Motion Study

M402 Spent Stage Habitability

M439 Star Horizon Automatic Tracking

M466 Spent Suit Evaluation
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TABLE 8 (Cont.)

Exp.

No. Experiment Name

M469 Removal and Retrieval of the Stabilizer Platform ST-124

and Related Components

M479 Zero-g Fammability

M486 Astronaut EVA Hardware Evaluation

M487 Spent Stage Habitability Evaluation

M488 Zero-g High Pressure Gas Expulsion

M489 Zero-g Heat Exchanger Service, Water Wicking, and Boiling

M492 Joining Tubular Assemblies in a Space Environment

M493 Self-Contained Electron Beam Welder

S005 Synoptic Terrain Photography

S006 Synoptic Weather Photography

S009 Investigation of Cosmic Radiation Using Nuclear Emulsions

S015 Effects of Zero Gravity on Single Human Cells

S017 X-Ray Astronomy

S018 Micrometeorite Collection

S019 Ultra-Violet Stellar Astronomy

S020 Ultra-Violet X-Ray Solar Astronomy

5027 Galactic X-Ray Mapping

S061 Potato Respiration

5063 Ultra-Violet Airglow Horizon Photography

5065 Multiband Terrain Photography

T002 Manual Navigation Sightings

TO004 Frog Otolith Function

TO17 Meteoroid Impact and Erosion

T021 Meteoroid Penetration Flux-Velocity

TO020 Jet Shoes for EVA Space Locomotion

T022 Heat Pipe Experiment

T023 Surface Absorbed Material Collection for Analysis
40
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TABLE 9

CLUSTER A MISSION WEIGHT STATUS

(Basic Mission, Flights A1—A4)

Injection Target Current Weight Weight
Launch Altitude Weight Weight Capability Margin
Flight | Vehicle (n.mi.) (Ib) (Ib) (1b) (1b)
Al 207 81 x 120 38,000 38,951 40,300 +1,349
A2 209 260 x 260 25,000 25,762 27,900 +2,138
A3 211 81 x 120 38, 000 38,852 40,500 +1,648
A4 210 240 x 240 28,300 28,614 29,800 +1,126
TABLE 10

CLUSTER A MISSION RETURN REQUIREMENTS AND RETURN CAPABILITY

Return Possible CM Return .
Requirements Capability* Margin
Weight Volume Weight Volume Weight Volume
Mission (t3) (b) (ft3) (1b) (£t3)
Al 164.0 4.76
A2 241.0 16.215
Total 405.0 20,975 533.0 19.0 +128 -1.975
A3 111.0 3.953
A4 402.8 18. 967
Total 513.8 22,920 533.0 19.0 + 20 -3.920

*Basic CM return capability is 188 1b and 7. 64 ft3
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A1/A2 PROPELLANT REQUIREMENTS OF THE SM

TABLE 11

SM SPS SM RCS
Mission Event (1b) (1b)
Initial Orbit Operations 132
Separation/Docking 62
Orbit Adjustment 51
Circularization 238 19
Rendezvous and Docking 677
Preterminal Phase Initiation (TPI) 1,506 152
TPI and Braking 318
Stationkeeping/Docking 207
Orbit Operations 348
Orbiting OWS (15 days) 213
LM and SS (14 days) 135
Deorbit 1,085 47
Subtotal 2,829 1,204
Contingencies (10 percent) 280 120
TOTAL REQUIREMENT 3,019 1,324
A1l CSM CAPABILITY 3,019 1,224
APPARENT MARGIN +3% -8%
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(+ 3 percent margin), but that the current RCS design does not provide the required

tank capacity (-8 percent margin). A reduced experiment activity level may be con-
sidered to eliminate the negative margin.

The estimated SM propellant requirements of the A3/A4 flights for each major
phase of the 56-day mission are compared against the current SM capability in
Table 12. The table indicates that the SPS capability is just adequate, but that the
RCS capability is about one half the established requirement. Major modifications
to the RCS storage and feed system will be necessary to eliminate the negative margin.

Data handling requirements and readout time available: The data handling re-
quirements of the Cluster A experiments are compared against the readout time
available in Fig. 16 . The minutes/day of data to be acquired was obtained by a sum-
mation of the individual data requirements in Ref. 3. The ground-station readout time
available was previously reported (Ref. 5). As indicated in Fig. 16 , the data acquired
in minutes of recording exceeds the readout time available during the A1/A2 and A3/A4
experiment phases. The A1/A2 data excess can be handled by using a read/record ratio
greater than 1 and/or providing additional onboard storage to hold the data for later
transmission. It appears that the A3/A4 excess can best be handled only by a reduc-
tion in the experiment data handling requirements.

Cluster A resupply and alternate missions. — The Cluster A resupply/ alternate
missions, if actually flown, would consist of four uprated Saturn IB
carrying the following payload modules:

Flight Vehicle Payload Module (excluding SLA)
Ab 212 XCSM
A6 213 XCSM
AT 214 CM-A, Rack/EMR
A8 215 XCSM

The four flights are scheduled for planning purposes in 2nd and 3rd quarter
1969, as indicated in Table 5 . Utilizing the A5, and A6 periodic resupply vehicles
and crew rotation, the Cluster A mission duration could be extended to approximately
1year. Flights A7 and A8 are alternate flights to be used in contingency situations
to achieve the Cluster A basic mission objectives. The degree of certainty that the
resupply and alternate flights will be used is unknown. However, certainty is believed
to be less than that which might be associated with the flights which comprise the basic
mission (Al through A4).

Experiments to be carried to the Cluster A orbit by the resupply and alternate
vehicles have not been identified. The weight status of the individual vehicles and
their experiment requirements for payload return, SM propellant, and data handling
are therefore unknown at this time.
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TABLE 12

A3/A4 PROPELLANT REQUIREMENTS OF THE SM

SM SPS SM RCS
Mission Event (1b) (Ib)

Initial Orbit Operations 142
Separation 192 28
Circularization 19
Orbit Adjustments 24
Stationkeeping 71

First Rendezvous (A3 with A4) 545
Pre TPI 1,035 186
TPI and Braking 257
Stationkeeping/Docking 102

Second Rendezvous (CSM/LM with OWS) 846
Pre TPI 715 280
TPI and Braking 485
Stationkeeping/Docking 81

Orbit Operations
Cluster 565

ATM 44

Other Experiments 516

Stationkeeping 5
Independent LM (Uses LM RCS)

Deactivate/Deorbit 52
Reentry 1,017 19
Separation 24
Stationkeeping 9

Subtotal 2,959 2,150

Contingencies (10 percent) 300 215

TOTAL REQUIREMENT 3,259 2,365

A3 XCSM CAPABILITY 3,259 1,224

APPARENT MARGIN 09 -93%
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Cluster B basic and resupply missions. — The Cluster B basic and resupply
missions consist of six uprated Saturn IB flights, each carrying the following modules:

Flight Vehicle Payload Module (excluding SLA)
Bl 216 CSM
B2 217 OWS-2, AM, MDA, Nose Cone
B3 218 XCsM
B4 219 LM-A, Rack/ATM-B, Nose Cone
B5 220 XCSM
B6 221 XCSM or LCSM

These flights are scheduled for launch beginning in 4th quarter 1970. Their
individual payload modules are essentially the same as carried by Flights A1l through
A6, except for the deletion of the LM & SS. As indicated in the above tabulation, the
specific payload aboard B6 has not been selected.

The Cluster B integrated mission profile has not been established. The experi-
ments to be launched by the cluster mission are identified but have not been grouped
into specific vehicles. The weight status of the individual vehicles and their experi-
ment requirements for payload return, SM propellant, and data handling are there-
fore unknown.

Definition of Optimum Mission Profile

The essential parameters involved in the definition of an optimum mission pro-
file for the OPE spacecraft are:

o Initial Orbit Altitude
e Orbit Inclination Angle

The assessment of these parameters, individually and in combination, is pre-
sented in the following paragraphs to yield:

e In-orbit lifetime of candidate spacecraft designs as a function of initial
orbit altitude

e For the minimum lifetime allowed (six months), the final orbit altitude of
candidate spacecraft designs as a function of initial orbit altitude

e The total velocity required of the CSM to rendezvous with the spacecraft at

the end of the in-orbit phase

Significance of orbit inclination angle with respect to ETR range safety

constraints and orbit regression

Ground-station contact times for a specific altitude/inclination combination

Shift in ground traces as a function of altitude and inclination angle

Effect of ground stations used on readout times available

Maximum percentage time in sunlight as a function of altitude/inclination

combinations
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The ranges of the variables which are treated are:

Orbit Altitude: 140 to 260 nautical miles

Orbit Inclination Angle: 28.5 to 50 degrees

MSFN Ground Stations: 11- and 4-station networks
In-Orbit Lifetime: 6 to 12 months

All information except the selected mission profiles are presented parametrically.

In-orbit lifetime: OPE spacecraft orbit decay predictions were computed based
upon the altitude-density model in Ref. 7, using the computer program of Ref. 8.
The density model accounts for the diurnal bulge, semi-annual and annual fluctuations,
the 11-year cycle of solar activity, and the correlation with the geomagnetic index.
The ballistic parameter, B=C A/ 2M, was determined by the mass and external con-
figurations of candidate spacecraft designs and their attitude history relative to the
velocity vector. For the candidate spacecraft designs presented in Fig. 17 , the
values of ballistic parameter tabulated in Table 13 were computed. All computations
used free molecule flow theory to estimate drag coefficient (Cq). Spacecraft weights
in the range from 4000 to 5300 lb were assumed.

Figure 18 shows the orbit altitude decay from an initial altitude of 260 n. mi. ,

for four values of B (ballistic parameter). The range of B covers the range of all

of the candidate spacecraft designs. As indicated on the figure, the initial conditions
assumed includes an orbit inclination angle of 29 deg. The figure shows that no can-
didate spacecraft will decay to less than 220 n. mi. in six months. After 12 months,
however, the orbit altitude reached is highly sensitive to values of B greater than
roughly 1. Spacecraft configuration "ID" (illustrated in Fig. 17) , having a maximum
B of 1.70, would have decayed to roughly 160 n. mi. after 12 months on orbit.

Crossplots of Fig. 18 are presented in Fig. 19 to show better the effect of B
on the orbit decay from 260 n. mi. For the 12-months-of-decay curve, the sensitivity
of orbit altitude with B increases abruptly as B is increased above roughly 1.1. As
indicated in Table 13, high values of B are associated with spacecraft configurations
having solar paddles deployed. Higher values of B are due to increased values of
drag from the deployed paddles. Again, the value of orbit inclination angle is 29 deg.

The data of Fig. 18 are shown differently in Fig.20 . This figure highlights the
orbit altitude after six months of decay. As indicated on the figure, if the final orbit
altitude is arbitrarily fixed at 200 n. mi., the initial orbit altitudes which would be
required would vary between 226 and 244 n. mi. for six months on orbit.

Allowed range of orbit inclination angle: The range of orbit inclination angle
is limited by Range Safety constraints against direct overflights of land masses and
flights so close to land masses that they cannot be protected from land impacts by
standard range safety equipment. The allowed range is illustrated in Fig. 21. As
indicated on the figure, an orbit inclination angle of 28.5 deg corresponds to a
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TABLE 13

VALUES OF BALLISTIC PARAMETER FOR THE CANDIDATE

OPE SPACECRAFT CONFIGURATIONS

Configuration Code Ballistic Parameter, B, (ft2 /slug)

No. Maximum Minimum Nominal

1A 1.68 1.27 1.48

*TA! 0.77 0.46 0.62

iB 0.95 0.72 0.84

*IB' 0.77 0.46 0.62

ID 1.70 1,12 1.41

1A 1.16 0.88 1.02

IITIA 0.66 0.5 0.58

IIIB 0.67 0.51 0.59

*Reduced size versions.
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Fig. 18 Orbit Altitude Decay from 260 N. Mi.
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due-east launch (azimuth angle = 90 deg) from ETR. Northeasterly launches having
orbital inclinations up to about 52 deg and southeasterly launches having orbital in-
clinations up to about 34 deg are permitted. The value of inclination angle to be used
in the AAP Cluster A flights (29 deg) will take maximum advantage of the inertial velo-
city of earth's rotation.

The three points that are flagged on the curve in Fig. 21 are commonly used in
mission planning. The 50-deg-inclination, 46-~deg-azimuth point represents the maxi-
mum departure from a due-east launch which is commonly used for planning purposes.
This combination of inclination/azimuth angles is currently (5 June 1967) being con-
sidered for the Cluster B 1969 flights. The 33.5/108-deg combination is planned for
NASA ~-Ames flights of the Biosatellite.

Orbit regression and period: The variations of the nodal regression rate and
orbital period with altitude are shown in Fig. 22 for the 29-deg-inclination case. The
figure shows that the nodal regression rate of the orbit plane due to the earth's oblate-
ness is 0.442 deg/rev westward for a 260 n. mi. orbit (with no drag) with a 29-deg-
inclination. Having a period of 94. 15 minutes (shown in figure), a spacecraft will
make 15.3 orbits every 24 hours. Over a period of one year, the total nodal regression I

of the orbit plane is approximately 2,470 deg or 6.85 complete revolutions westward.
Since the sun will have made one complete revolution eastward over this same time
period, the orbif plane in the course of one year makes 7.85 complete revolutions

relative to the sun. This final result does not account for orbit decay from 260 n. mi. l
due to drag.

Revolutions of orbit plane relative to the sun, OPE spacecraft and cluster:

Figure 23 combines the orbit decay data from Fig. 19 with the orbit regression and l
period data from Fig. 22. For the initial conditions of a 260 n. mi. altitude and a
29-deg inclination, the following data may be drawn from Fig. 23 :

e After 12 months of decay, OPE spacecraft configuration IIA (see Fig. 17
for sketch) will reach an orbit altitude of 227 n. mi., at which time 7.95
revolutions of the orbit plane relative to the sun will have been completed.

e Cluster A, at 207 n. mi. after 12 months of decay (according to Fig. 23)
will have completed 8. 03 revolutions of its orbit plane relative to the sun.

e If it is assumed that the Cluster B ballistic parameter is approximately the
same as that for Cluster A (1.43), OPE spacecraft IIA separated from
Cluster B could be approximately 29 deg out of plane with the cluster at
the end of its 12-month orbital mission. i

For such large plane separations, the total energy required of the CSM to rendez-
vous with the spacecraft would be very high in comparison with the CSM's total propul-

sion capability. Configuration IIA was also used in this example because it was typical
of the geometric approach to which design considerations were leading.
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Ground station acquisition: Radar acquisitions of the OPE spacecraft were com-
puted on the basis of a 5-deg look angle (5 deg up from horizon) using the Manned Space
Flight Network (MSFN) stations. All tracking times less than one minute were ignored.

The orbital ground trace plot for one day in orbit at 260 n. mi with a 29-deg
inclination is presented in Fig. 24 . Superimposed are the radar acquisition ranges
(circles, approximating actual shapes) of 11 of the 14 MSFN stations. The three
Unified S-Band (USB) stations (Madrid, Canberra, and Goldstone) which use the 85-ft
antennas, usually limited to deep space missions only, are assumed to be deactivated.
Radar acquisitions by the 11 ground stations during the individual orbits which com-
prise the first 24-hr period are subtotaled in Table 14. As indicated in this table, a
grand total of 530.7 min of readout time is available. The station offering the greatest
contact time is Hawaii (56. 6 min).

Figure 25 illustrates the reduction in acquisition times available if the number
of stations used were reduced from eleven to four. The activation of only four stations
(Guaymas, Corpus Christi, Cape Kennedy, and Carnarvon) has been considered by the
AAP for portions of the AAP mission in which the cluster is essentially in storage in
an inactive mode. As indicated in Fig. 25 , activation of only the four stations would
reduce the available readout time per orbit pass by about 50 percent. It may be inferred
that during the initial months in orbit, track times of at least 40 min/day would be
available.

Variation of acquisition time with altitude: Orbit decay will effect a reduction
in the total readout time available, as shown in Fig. 26. An orbit decay from 260 to
200 n.mi. is associated with a 15 percent reduction in the min/day of readout time
available. An OPE requirement for roughly 35 min/day of ground contact time, if
actually required, would represent about 10 percent of the readout time available at
200 n.mi. For the four-station case, this OPE requirement would represent roughly
20 percent of the readout time available at 200 n. mi.

Longitudinal shift between ground traces: It is useful to know how various day-
to-day ground traces are situated with respect to one another for a given mean orbital
altitude. The longitudinal spacing of one ground trace K with respect to another
K+N is shown in Fig. 27 for the altitude range of interest. The plot uses a 33. 5-deg-
inclination initial condition assumption, although it is representative of a wide range
of (posigrade) values of inclination as will be seen later. The 33.5/108 inclination/
azimuth-angle combination is allowed by range safety as indicated in Fig. 21.

Figure 27 is interpreted by entering at a selected altitude, then reading off the
degrees of earth longitude that the K+ N trace is located either east or west of the
Kth trace. For instance, at an altitude of 260 n.mi., the Kth and K+ 15th trace are
seen to superimpose at the same earth longitude. One orbit later (K+ 16th trace) the
orbit is seen to shift approximately 24 deg of earth longitude to the west. One orbit
earlier (K+ 14th trace) the shift is also 24-deg, but this time to the east. The orbit
regression (degrees of earth longitude shift per orbit) is, therefore, 24 deg/orbit for
the values of altitude and inclination angle selected. Such plots are useful in the deter-
mination of orbital altitudes that will result in optimized rendezvous and recovery
opportunities.’
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Fig. 26 Variation of Acquisition Time with Altitude
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Inclination angle effect on longitudinal shift: Figure 28 presents the variation of
orbit regression (longitudinal shift) with orbital period (or altitude) for three values
of inclination angle. The figure additionally shows an approximately constant effect

of inclination angle upon the orbit regression (less than 0.2 deg/orbit for the full range
of inclination plotted).

The longitudinal shift, or orbit regression, is better illustrated in Fig. 29,
The upper plot shows the longitudinal shift of the orbital plane to the west in degrees
per revolution (of the spacecraft) about the earth. It is seen that a change in altitude
from 250 to 150 n. mi. causes an increase in regression of about 0. 025 deg/rev at
any inclination. The lower plot shows the accumulated effects of the longitudinal shift
after 15 revolutions (1 day) and 31 revolutions (2 days). It is seen that after 31 revolu-
tions, the orbital plane could rotate westward almost 15 deg, at 30-deg inclination and
200 n.mi. This means that on revolution 1, if the spacecraft ground trace passed
through the equator at a local earth time of t » 31 revolutions later the spacecraft
ground trace would pass through the equator at a local earth time of t0 minus 1 hr,

Coplanar transfer between circular orbits: CSM propulsion will be required at
the end of the OPE in-orbit phase to execute CSM/ spacecraft rendezvous to retrieve
the primate canisters. The velocity which must be imparted to the CSM depends upon
its orbital position relative to the spacecraft. A transfer in the common orbit plane

(coplanar transfer) is required to reduce the altitude and phase differential between
the two vehicles to zero.

The Hohmann transfer ellipse has long been recognized as the minimum energy
two-pulse transfer between coplanar circular orbits. The total velocity which must be
imparted to the CSM, if initially at 200 n.mi., to rendezvous with the spacecraft at
altitudes ranging up to 260 n.mi., is presented in Fig. 30. It is seen that only about
65 ft/sec must be imparted for each altitude difference of 20 n. mi.

The total velocity required for a coplanar transfer between any two circular orbit
altitudes is presented in Fig. 31. In this figure, r equals earth radius plus altitude,
and the subscripts 1 and 2 indicate initial and final conditions, respectively. Earth
radius is approximately 3,444 n.mi. Values of the initial circular orbit velocity (Ujp)
are presented in Fig. 32. These two figures comprise the basic data required to yield
the total velocity requirement for the general case.

Noncoplanar transfer between circular orbits: The special case for a single-
impulse transfer from 200 n.mi. to an orbit plane divergent with respect to the initial
plane by g deg, is presented in Fig. 33 for a 29-deg inclination. The figure shows
that for large longitudinal separations (A)), large increments of velocity must be
imparted to the CSM.

Such large expenditures of velocity must be avoided. Fortunately, there are
several feasible approaches for accomplishing this. Separation of the two-orbit planes
is a function of the respective altitudes of the two vehicles. This, in turn, is a function
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of the ballistic parameters of the vehicles. Therefore, the plane separation effect

can be reduced considerably by matching the ballistic parameter of the OPE spacecraft
to that of the cluster. An alternate approach would be to inject the OPE spacecraft at
an initial altitude different from that of the cluster so as to nullify any out-of-plane
separation at the end of the 12-month mission duration.

Spacecraft illumination: The percentage of time that an OPE spacecraft in cir-
cular orbit spends in sunlight is required to size the spacecraft solar paddles. The
geometry and basic definitions of the illumination problem are shown in Fig. 34.
From a knowledge of the occultation angle for the planar case, and the angle between
the normal to the orbit and the earth-sun line, the percentage time in sunlight (for a
given fixed day) can be computed from spherical trigonometry. The basic parameters
which were obtained and their variations with orbit altitude are plotted in Fig. 35.
The figure is interpreted as in the following example:

® Given: Circular orbit altitude is 220 n.mi.
i M = i =
From Fig. 35 : (tg )min 61 percent and i 46.5 deg
e Conclusion: For 220 n.mi. altitude, all orbits with inclinations greater

than 46.5 deg may have a period of continuous illumination, while the minimum
time in sunlight cannot be smaller than 61 percent during any 24-hr period.

The maximum values of (tg) are plotted in Fig. 36. It is seen that for 220 n.mi.
and 46.5 deg, the maximum time in sunlight is greater than 90 percent, but not 100 per-
cent. A range of percentage times in sunlight for other values of altitude may be
obtained from Figs. 35 and 36.

Optimized mission profiles. — Optimized mission profiles for the OPE spacecraft
will meet the following mission requirements:

e The predicted orbital lifetimes must satisfactorily provide the required
mission duration of 6 to 12 months.

Spacecraft solar energy requirements must be achieved.

The drag deceleration cannot exceed 0. 001 g.

The orbits chosen must in no way adversely affect the program requirements.
The spacecraft must be interrogated at least once per day.

These mission requirements are individually analyzed in the following paragraphs.

Optimized altitude from lifetime: The numerical accuracy of the lifetime computa-
tions is +15 percent. This is due to the state-of-the-art limitations for predicting the
pertinent perturbation terms (diurnal variations in atmosphere density, etc.) and the
cumulative error associated with long integration times.

Approximate analytical solutions were used to obtain an integrable drag function
instead of closed form solutions to the nonlinear differential equations of motion. The
variation of final altitude associated with the numerical accuracy of the lifetime calcula- I
tions is shown in Fig. 37 . A planned terminal condition could fall within the error
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band, shown due mostly to unanticipated diurnal variations. It is seen that even the
minimum altitude is adequate and that any altitude in the band is within the range of
reasonable rendezvous maneuvers. In addition, satellite orbital data to be made
available before the launch date will afford more precise lifetime predictions.

Lowest weight electrical power subsystem: It has been determined that the
spacecraft will be powered by solar energy and that two solar paddles will be provided.
Approximately 400 watts of electrical power must be available (on the average) to the
spacecraft and to the payload. When the spacecraft is orbiting in the earth's shadow,
power stored in secondary batteries will be used. Because the minimum percentage
time that the spacecraft spends in sunlight is a function of altitude, the minimum
electrical power subsystem weight is also a function of altitude.

The interdependencies among these parameters are shown in Fig. 38. It is
seen that the subsystem weight reduction due to an increase in altitude is small. The

weight of this subsystem cannot be significantly reduced by adjusting the altitude over
the range of interest.

Optimized rendezvous situation: The energy required of the CSM to rendezous
with the spacecraft is minimized when their orbital decay rates are approximately the
same. Equal decay rates can be achieved by designing the OPE spacecraft such that
its average value of ballistic parameter is equal to the cluster's. The estimated
average ballistic parameter of the cluster is 1.43 ft2/slug. A spacecraft average
ballistic parameter of 1.43 can be designed into the spacecraft as illustrated in
Fig. 39 . The spacecraft ballistic parameter of 1,16 (current value) can be changed
to 1.43 (desired value) by reducing the spacecraft weight by 11 percent and increasing
its average area projected to the velocity vector by 10 percent. There are several
ways to vary B, and so Fig. 39 cannot be considered complete or definite. The
intention here is to show that the rendezvous propulsion requirements of the CSM can
be greatly reduced by reasonable and practical spacecraft modifications, such as the
addition of drag-inducing deflector plates to the solar paddles. The best solution will
depend on a precise definition of the cluster's average ballistic parameter.

Optimized altitude from drag criteria: The mission objectives include a require-
ment for a maximum allowed steady-state force acting upon the spacecraft (specifically
the primates) of 10-3 g, After orbital injection is achieved, steady-state forces can
originate from drag deceleration and attitude -control-subsystem (ACS) operations. If
it is assumed that ACS operations can contribute most of the allowed steady-state force,
the drag deceleration must be several orders of magnitude less, say 107° g. Figure 40
shows the altitudes at which the drag force equals 10~° g as a function of spacecraft
W/C4A according to two widely used atmosphere models. It is seen that the drag
force acting on the spacecraft (current design and weight estimate) can reach 10~ g
at approximately 110 n. mi., a much lower altitude than is conceivable during the
orbital phase of the mission. It is concluded that an optimized altitude cannot be
selected from considerations of the limiting drag force.
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Other: Optimized altitudes and inclinations from other points of view would
maximize ground station coverage and/or the spacecraft illumination. However,
Fig. 25 through 28 show that more than adequate coverage is available for wide
ranges of altitude and inclination. In addition, Fig. 35 shows that the minimum per-
centage time that the spacecraft spends in sunlight can be varied by only a few
percentage points as a function of altitude. Therefore, either point of view does not
afford a satisfactory basis for optimizing the spacecraft mission profile.

Summary: The AAP mission profiles are adequate. Changes to optimize them
to best achieve the spacecraft/experiment objectives lead to small improvements
offering an insignificant widening to the framework within which the spacecraft must
be designed and integrated to the cluster. The prerequisites to a fruitful mission
optimization analysis include more stringent requirements for spacecraft support
during the mission, as well as candidate AAP mission profiles divergent from those
currently being considered.

Determination of Best Suited S/AAP Flights

Figure 41 shows the basis for selecting the best suited AAP flight, and defines
the assumed mission profile for this flight. Based upon NASA/MSFC guidelines dated
22 March 1967, the cluster will be injected into a 260 n. mi. circular orbit at an
inclination of 29 deg. As shown in Fig. 41 , the cluster altitude after 12 months of
decay will be approximately 200 n.mi. The estimated weight of the OPE spacecraft is
5,500 Ib. It is seen in the figure that Flight B1 (using Vehicle 216) is the only flight
which has a performance capability that exceeds the estimated spacecraft weight.

Flight Bl is therefore the best suited S/AAP flight. Its initial orbit altitude of 260 n. mi.
is sufficiently high to resist excessive orbit decay for a period of 1 yr, thereby elimin-
ating the need for an orbit-adjust propulsion system on the OPE. The mission profile
also shows that a CSM rendezvous with the OPE can be executed by the B5 or B6 CSM
after the OPE has completed 6 to 12 months of orbital flight. The mission profile shown
in Fig. 41 was selected as the reference mission on which the preliminary OPE designs
and operations are based.

Figure 42 shows an alternate Cluster B mission profile based upon further
NASA/MSFC studies dated 13 Jun 1967. These studies show that the orbit inclination
may vary from 29 deg to 50 deg. It is seenin Fig. 42 that available payload capabilities
for experiments are not large enough to accommodate the independent OPE. If required,
a modular OPE which relies upon the cluster for attitude control, stabilization, com-
munications, and electrical power, and weighs approximately 4,000 1b could be launched
by Vehicle 214 (Flight B2) and maintained in orbit for one year. Modular-OPE /Cluster
integration concepts are analyzed in Ref. 9.
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PRECEDING PAGE BLANK NOT FILMED

TRADEOFF ANALYSES AND CONCEPT SELECTION

Tradeoff analyses were conducted to support the selection of optimum subsys-
tems, leading to the selection of the preferred subsystem/space craft concepts and
approaches. Studies were conducted in the following areas:

Gas Supply

Oy/Ny partial pressure control
COy removal

Temperature and humidity control
Contaminant removal

Food and water supply

Waste management

Cage and life cell configuration
Animal retrieval

Mass measurement

Data management

Electrical power

Stabilization and attitude control
Spacecraft configuration

Basis of Evaluation

All potentially desirable candidate concepts were considered in each of the above
areas and evaluated on a consistent basis from considerations of reliability, cost,

weight, power, volume, and development status. The basis for evaluation was arrived
at as described in the following paragraphs.

The various considerations were first evaluated in terms of their relative im-
portance in the Orbiting Primate Experiment program. As a result of this evaluation,
the following relative weightings were assigned:

Weight (including power penalty) 20%
Volume 10%
Reliability 30%
Cost 20%
Development status 20%
Total 100%

Power penalties were combined with weight by converting the power requirements
of a system into pounds and adding this number to the physical weight of the system.
The conversion factor used was 2.06 1b/ w, a value found by LMSC experience to be a
close approximation for preliminary design of systems using solar cell power. For a
particular system, the sum of physical weight and power in terms of weight was termed
the Total Equivalent Weight (TEW) of the system.
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A &oint—rating system was then established to arrive at a weighted value for
each of the above considerations. Total Equivalent Weight was assessed on the basis

of 50 1b/point with a theoretical zero-weight system receiving a perfect weighted
value of 20 points. Weighted value for TEW was computed by the equation:
Weighted Value = -0.02 TEW + 20

This equation is plotted in Fig.43. This method admits the possibility of negative

weighted values to reflect the penalty incurred by excessively heavy candidate systems.

In the same way, volume (V) was assessed on the basis of 10 ft3/ point with a
theoretical zero-volume system receiving a perfect weighted value of 10 points.
Weighted value for volume was computed by the equation:

Weighted Value = -0.1V + 10

This equation is plotted in Fig.44and reflects the negative weighted values imposed by
excessively high-volume candidate systems.

Ratings for reliability and cost were based on a 5-point relative scale in which
the various candidate systems being evaluated were compared against one another and
each assigned a number to indicate its standing on the scale. The highest reliability
was rated at 5 and the lowest at 1; the highest cost was rated at 1 and the lowest at 5.
Hardware costs were estimated on the basis of supplying one development, one qualifi-
cation, and five production units.

Concept development status was also graded on a 1-to-5 scale. In this case, a
discrete concept development status was defined for each point on the scale as follows:

Space operational

In qualification

In advanced development

In early development

Marginally available for 1970 flight

Ifnnnn
=N Wk,

The ratings for reliability, cost, and development status were then multiplied
by factors of 6, 4, and 4, respectively, to arrive at weighted values conforming to
the relative weightings of 30 percent, and 20 percent, and 20 percent previously
assigned to these considerations. All weighted values were finally summed to arrive
at a total score and the selected concept chosen was the one receiving the highest
total score.

Each set of candidate concepts was independently reviewed and rated by senior
technical personnel experienced in the particular area of engineering being evaluated.
Final selections were tested for reasonableness and sensitivity of assumptions by a
senior project board. In some cases, differences of judgment occurred in matters of
reliability, cost, or development status. However, in no case did such differences
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Fig. 44 Volume Vs, Weighted Value
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result in a different outcome in regard to the selected candidates. The rating system
was also tested for sensitivity to the hypotheses of (1) relative importance of weight,
volume, reliability cost, and development status and (2) the point values assigned to
weight and volume. Reasonable perturbations in these hypotheses did not result in
changes regarding the selected candidates.

Tradeoff Analyses
The discussion of tradeoff analyses consist of the following:

Thermal and atmosphere control subsystem
Metabolic support subsystem

Life cell

Special equipment

Data management subsystem

Spacecraft subsystems

Thermal and atmosphere control subsystem. — This subsystem involves gas

supply, O2 and N, partial pressure control, COy removal, temperature and humidity
control, and contaminant removal.

Gas supply: Three candidate concepts were investigated for supplying breathing
gases to the animals. These are shown schematically in Fig. 45.

In Concept 1, both oxygen and nitrogen are stored individually in high-pressure
tanks at 3,000 psia. This pressure corresponds to the lowest vessel-to-fluid weight
ratio for each gas although tank factor is relatively independent of pressure within the
range of interest. The tank materials were selected as AM 350 stainless steel for oxy-
gen and Ti-6Al1-4V titanium for nitrogen. The tank factor in each case is three pounds
total weight per pound of gas stored. A relief valve is provided to prevent over-
pressurization during fill and to allow for temperature variations. The gas quantities
are determined from temperature and pressure sensing.

Concept 2 is a cryogenic system in which both oxygen and nitrogen are stored
in individual tanks. The basic tank construction for each gas is the same and con-
sists of:

An aluminum inner shell

Three vapor shields

Fiberglass supports between shields
Superinsulation between shields
Nylon net outer wrapping

Differences between tank construction for the gases are in thickness of material
and insulation which is greater for the nitrogen tanks. A review of the oxygen usage
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rate indicated that it could be stored subcritically at a low weight penalty factor using
a nominal storage pressure of 250 psia and temperature of 225°R.

The nitrogen usage rate is very low. In order to minimize gas venting, tank
pressure must be allowed to increase. The nitrogen storage tank, therefore, would
be operating supercritically at a nominal pressure of 925 psia and temperature of
250°R. Tank penalty factors are 1.6 and 3.1 pounds total/pound of fluid for oxygen
and nitrogen, respectively. The cryogens are heated to operating pressures by heat
leaking into the storage vessels and from auxiliary heaters when demand exceeds boil-
off from heat leak. The heaters are conservatively sized at 5w for oxygen and 3w for
nitrogen. Tank overpressurization is prevented by venting through a relief valve.

The advantages of the cryogenic storage systems are that the higher fluid density
and lower operating pressure allow lower container weights and volume for a given
capacity. The disadvantages are that system performance is strongly affected by the
amount of heat leaking into the storage vessel and that the design of the vessel is greatly
influenced by usage rate and storage time. For a condition of low usage and long stor-
age, the allowable heat leak into the vessel must be held at a minimum to prevent ex-
cess losses from venting. This leads to more complex tank construction by increasing
insulation thicknesses and heat shielding.

Concept 3 uses chlorate candles to generate gaseous oxygen. The candles are
individually lighted by an electric match and the oxygen output is stored in a pressure
container at a nominal 100 psia and regulated for life-cell usage. A low-pressure
sensor in the storage container activates the ignition of the candles. Progressive
ignition is maintained by a stepping-switch box. Each 3-1b candle (2.25 in. diam.
and 11 in. long) can produce 1.2 1b of oxygen. The weight penalty factor is 2.5 1b
total/ 1b of usable oxygen. The evaluation of the candidate gas supply concepts is
shown in Table 15.

Chlorate candles and gaseous oxygen storage methods are seen to be heavier
than cyrogenic storage. Differences are caused by mechanisms and tank factors
required for chlorate candles and gaseous tanks. Subcritical storage of a large quan-
tity of oxygen with its usage rate (0.8 lb/ day) results in a lighter cryogenic storage
system. The nitrogen supercritical storage method is heavier than gaseous storage
due to the higher tank penalty factor associated with the more complex tank design
which involves a pressure shell capable of containing the supercritical pressure, heat
shielding and insulation blankets, and standoffs.

In reliability, the cryogenic method rated lower than gaseous storage because
of the possibility of heater failure or insulation breakdown. Chlorate candles are rated
lowest because of possibility of electrical failures of match mechanism control sensor,
ignition control unit, or stepping switch mechanism.

The cost of development and qualification of flight hardware is highest for cryo-
genics due to requirements for equipment to withstand extreme thermal conditions.
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Extensive development and qualification testing is required for subcritical storage and
for the durations required by the mission. Chlorate candles require control, sensing,
ignition, and switching mechanisms, but do not have to withstand the extreme cold
conditions of cryogenic storage. Gaseous storage does not require the ability to with~
stand extreme cold conditions and also is less complex than the mechanisms for chlo-
rate candles. Development and qualification testing for gaseous storage is minimal.

Chlorate candles, utilized in submarines and in some versions of extravehicular
activity life support packs, have not been developed to provide primary oxygen sup-
port for long-term missions. Extensive development of this system for this mission
would be required. Cryogenic systems have been used on past manned and unmanned
space vehicles and the technology is highly advanced. For missions of this duration,
subcritical storage would be required; this technology requires further development.
Gaseous storage methods have been used extensively on past programs and require
the least additional development and qualification.

On the basis of the above evaluation, gaseous storage of both oxygen and nitro-
gen was selected as the preferred approach.

Oxygen (Oy) and nitrogen (No) partial pressure control: The three candidate
concepts for Og and N9 partial pressure control are shown in Fig. 46.

Concept 1 is a system in which total pressure is maintained with nitrogen ad-
mitted through a total pressure regulator. The total pressure nominal value is 14.7
psia. Oxygen partial pressure is maintained by supplying oxygen through a flow-
control valve controlled by an optical (ultraviolet attenuating) oxygen partial pressure
sensor. The oxygen partial pressure is 3.5 psia nominal. This method has the ability
to supply oxygen and nitrogen as demanded by leakage and metabolic requirements.

Concept 2 is a fixed bleed system in which oxygen and nitrogen are stored mixed
in the same tank at a mixture ratio of 61 percent (No/ total). The bleed rate of the
life cell is established at a rate capable of limiting methane concentration and allow-
ing a wide range of metabolic oxygen consumption (from 0. 85 to 2. 15 BMR/ animal).
The bleed rate is assumed constant throughout the mission.

Concept 3 is a bleed system with adjustable flow control. Cabin leakage is
measured during initial portions of the mission utilizing an oxygen partial pressure
sensor. During this period the nitrogen flow control is adjusted until the correct
oxygen partial pressure is achieved and the setting remains fixed throughout the rest
of the flight. Total pressure is maintained through a total pressure regulator. This
method has the ability of supplying oxygen as demanded by leakage and metabolic
requirements. Adjustments to the flow control may be made throughout the flight
provided the oxygen partial pressure sensor remains operative.

This method relies on a constant rate of leakage from the cabin and once adjusted
can tolerate only an 8 percent decrease or 9 percent increase in leak rate to maintain
oxygen concentration between 18 and 30 percent. The evaluation of these concepts,
shown in Table 16, is based on using high pressure gaseous storage tankage as the
supply source.
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The fixed bleed system of Concept 2 results in a high total equivalent weight
because of the high bleed rate to accommodate a wide metabolic range. The partial

preéssure oxygen sensor control is slightly heavier than the bleed system (Concept 3)
because of additional sensor and controller requirements.

The large quantities of gas required for the fixed bleed system are reflected in
a larger volume requirement and a subsequently lower rating. The ratings between

the partial pressure oxygen sensor control and the bleed system of Concept 3 show
negligible difference.

The fixed bleed system, rated the most reliable, has minimum moving parts
and the least possibility of failures. The Concept 3 bleed system, rated less reliable,
has additional regulators and a flow controller. Sensor and control requirements
make the partial pressure oxygen sensor control system least reliable.

Cost for development, qualification, and flight hardware is low for Concepts
2 and 3. Additional controls, development, and qualification of the partial pressure

oxygen sensor control system are more costly. Therefore, this system is rated
lower.

Most of the components used in the bleed systems have reached flight qualifica-
tion status, consequently these systems were given high ratings in development status.
Long-life partial oxygen sensor/ control equipment is in the early development state.
Considerable effort will be required to fully develop and qualify sensor/ control systems.

The bleed system of Concept 3 was selected as the preferred approach, but a
combination of Concepts 1 and 3 appears to offer considerable advantages. Since the
capability of switching between Concepts 1 and 3 involves only minimum equipment
(valve, oxygen flow control, and nitrogen total pressure regulator), it appears feas-
ible to provide this option. Since oxygen partial pressure sensors are required to
measure cabin oxygen concentration, the selected system will use an identical sensor

system for control and have the additional capability of switching to the bleed system
of Concept 3.

Carbon dioxide removal: Five candidate concepts were investigated for CO2
removal. These are shown schematically in Fig. 47.

Concept 1 uses potassium superoxide (KOg) and lithium hydroxide (LiOH). The
KOz2 absorbs carbon dioxide and water vapor to produce oxygen. With KO9 alone,
variations in metabolic or leakage rates can result in insufficient carbon dioxide ab-
sorption or oxygen overproduction. These problems are avoided by adding an LiOH
bed in parallel with the KO, bed. This system is sized to provide sufficient oxygen
for a cabin leakage of 0.31b/ day and an average metabolic rate up to 1.5 basal. Con-
trol is achieved through a bypass valve responding to the oxygen partial pressure
sensor/ controller. The circulated gas is directed through the KOy bed until the oxygen
level reaches 3.5 psia. The bypass control then directs a portion of the flow through
the LiOH bed.
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Concept 2 uses lithium hydroxide only and provides for continuous flow through
a packed bed for carbon dioxide removal by chemisorption.

Concept 3 uses silica gel beds in series with Molecular Sieve beds. The silica
gel adsorbs the water vapor from the gas before entry to the Molecular Sieve bed. The
Molecular Sieve material adsorbs the carbon dioxide. While one set of beds is adsorb-
ing, the previously saturated set is desorbed to space. Electrical heaters are used to
aid the desorption of water vapor from the silical gel beds.

Concept 4 is a mixed lithium hydroxide and lithium oxide system which utilizes
continuous flow chemisorption for carbon dioxide removal. Lithium hydroxide pro-
duces 0. 41 1b of water vapor/1b of COg absorbed. Lithium oxide absorbs water vapor
and carbon dioxide. The system is sized with enough lithium oxide to absorb the
water vapor produced by the lithium hydroxide.

Concept 5 uses lithium oxide only to adsorb carbon dioxide and water vapor.
Excessive adsorption of water vapor could reduce the cabin relative humidity below
an acceptable limit. Therefore, this concept may require additional controls to main-
tain relative humidity limits.

The evaluation matrix is shown in Table 17. The values on the matrix reflect
that potassium superoxide, lithium hydroxide, and lithium oxide methods include
requirements for chemicals, canisters, gaseous oxygen supply, and controls. The
Molecular Sieve method includes requirements for oxygen supply, gas loss during
desorption, desorption heater, dessicant, Molecular Sieve, canisters, and accessories.
The ability of the Molecular Sieve method to desorb to space results in less sorbent
requirements and, therefore, less weight. The power penalty for this method is
moderate; as a result, the method has the lowest total equivalent weight. Weight
differences between other methods are less significant. Due to its lower sorbent
requirements, the Molecular Sieve unit also occupies less volume than the other
methods. The volume differences between the other methods are less significant.

The lithium hydroxide/ lithium oxide methods (Concepts 2, 4, and 5) utilize
continuous flow without elaborate control mechanisms. These three methods are
rated equally high in reliability. The Molecular Sieve method employs adsorption/
desorption valve controls and timer mechanisms which result in a relatively complex
system. The Molecular Sieve may be adversely affected by water carry-over from
the silica gel. These considerations reflect in a relatively low reliability rating for
this concept. The potassium superoxide/ lithium hydroxide method requires gas
sensing and bypass control mechanisms, factors which contribute to its low relia-
bility rating.

The lithium hydroxide method is least costly because of its simplicity and its
operational development status. The lithium hydroxide/ lithium oxide methods are
slightly more expensive because of additional development requirements. The potas-
sium superoxide/ lithium hydroxide and the Molecular Sieve methods involve rela-
tively expensive components and considerable development and qualification effort,
resulting in lower ratings for these methods.

95



. . . . , , uabAxQ snoasnd
z°8s 4 € 91 14 ¥z 14 8°L 0°Z¢ 9 1= 640°1L - - 640°L ‘apIx () Wiy
uabAx Q) snoasoo)
8° L5 z £ 9l 4 vz 4 e 374 6°1- 601 - - y60°L | ‘opixO wniyy ‘pt

-x0IpAH winiyir] paxIW

uabAx snoasod)

L ey 4 € 8 4 z! 4 €8 [ANAL 8T 658 8°6S [oh8:74 664 ‘3A31§ 1D|ND3|OW

uabAx () snoaso
589 0z S 0z S T 14 €L 6°92 8°z- orLy - - or1’t Jn_xeum. .Sz_w

apiX0IPAY w1y

ST LE 8 4 2l € zt 4 e S'€T Tz S1LL - - si’l pu
apixosadng wnissojogd
ELTN an|bA an|op anjop an|pA
powbiom | BUHOY | poibiom | SO | poysiom | MY | pawsiom | g | pewmem | T N osem) @
01005 nFoIg om QOHIIW
juawdo|aAd, S0 An aw . $yBira
Jonidenuon =2 e oA Jus|eAINb3 |oso) fomod M

SINTLSASIAS XTddNS NIDAXO ANV
TVAOWHY TAIXOId NOEYVD J0 NOLLVATVAHA

96

LT dT9VL




From the standpoint of concept development status, the lithium hydroxide method
is operational and is therefore rated highest. The Molecular Sieve method is currently
in an advanced state of development for the 45-day Apollo life-support system. Con-
cepts 4 and 5 are not as highly developed as lithium hydroxide but would require rela-
tively little effort for qualification. The potassium superoxide/ lithium hydroxide

method is in a relatively early state of development, resulting in the lowest rating for
this method.

As shown on the matrix, the lithium hydroxide and gaseous oxygen combination
is the selected approach for COg removal and oxygen supply.

Temperature and humidity control: Three candidate concepts were studied for
temperature and humidity control. These are shown in Fig. 48.

In Concept 1 a dessicant bed is used for moisture removal. Air is passed either
through or around the dessicant bed in response to a humidity sensor for humidity
control. The primary method of heat rejection from the life cell is by radiation to the
external skin. The system is designed so that there is excess heat rejection from the
life cell. This is accomplished by surface absorptance and emittance selection. The
life cell is heated to maintain temperature control through the use of a resistance
heater controlled by a thermostat. Silica gel and lithium chloride were selected as
the most attractive dessicants.

In Concept 2 a condensing cold plate is used for moisture removal and heat re-
jection. Conduction paths are provided from the cold plate to the external radiator.
The system is designed so that there is always excess heat rejection from the cold
plate. The cold plate,incorporated in the life cell wall, is heated to maintain the
required dew point. Bypass air flows around the cold plate as controlled by a tem-
perature sensor. The bypass flow is limited to ensure that the design maximum
humidity is not exceeded under low heat loads. The conduction paths and the life cell
wall are insulated, as shown in Fig.48to ensure that the conduction paths represent
the major heat loss path from the life cell to the spacecraft skin.

Concept 3 is a system in which a condensing heat exchanger is used for moisture
removal and heat rejection. A fluid heat transfer circuit is provided between the con-
densing heat exchanger and an external radiator. The life cell is thermally isolated
from the spacecraft skin so that the circulating fluid system is the primary heat re-
jection path. Bypass fluid flows around and/ or through the external radiator to con-
trol the heat exchanger inlet temperature at the design point. Bypass air flows
around and/ or through the condensing heat exchanger to provide temperature control
in the life cell. The bypass air flow is limited to ensure that the design maximum
humidity is not exceeded under low heat loads. The heat exchanger air flow is deter-
mined by temperature control requirements. The evaluation of the three concepts is
shown in Table 18.

The semi-passive dessicant systems impose considerable weight penalties due
principally to large quantities of required dessicants, but also due to the electrical
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power penalty imposed by heaters. The semi-passive system with condensation and
water separation is the lightest of the semi-passive methods due to eliminating dessi-
cant requirements and reducing heater requirements. The active (circulating fluid)
method is the lightest of all the concepts due to lower power required and slightly
lighter equipment weight.

The semi-passive dessicant systems have significantly greater volume require-
ments than the remaining methods due to the large amount of dessicant required.
There is little volume difference between the semi-passive method with water sepa-
rators and the active system.

The semi-passive silica gel method is rated the most reliable since there are
minimum operational parts involved with this method. Lithium chloride is rated
slightly less reliable because it becomes liquid and the containing method may fail,
allowing the liquid to escape. The semi-passive method with water separation is
rated about the same as the lithium chloride system. This rating is based upon the
possibility that the small openings in the water separator could become clogged with
particulate matter. The active system is rated lowest in reliability because of the
larger number of moving parts in this system.

The silica gel dessicant semi-passive method is the least complex and requires
minimum equipment and, therefore, is least costly. The lithium chloride and water
separator systems require more development and, therefore, greater cost. The
active method is rated slightly more expensive than the silica gel dessicant method
because of the additional cost of hardware.

In terms of development status, the active method of temperature and humidity
control is the most developed. This type of system has been flown on past spacecraft
programs and will be flown on forthcoming Apollo flights. Passive humidity control
systems have been utilized to a lesser extent on past programs and are not considered
to be as developed as the active method. The lithium chloride method requires further
development to achieve a satisfactory two-phase containment design fogether with
humidity sensor and flow-control mechanisms.

The active circulating system of Concept 3 was selected as the preferred
approach.

Contaminant removal: Two concepts, shown schematically in Fig. 49 were con-
sidered for toxic contaminant removal.

Concept 1 is a bleed-and-sorbent system where contaminants are eliminated by
sorption on treated charcoal beds, or, for those contaminants which are not well
sorbed (such as methane), eliminated by overboard leakage.

In Concept 2, contaminants are removed in sorbent beds and by catalytic oxida-

tion. The catalytic oxidizer operates at approximately 750°F. This method eliminates
the requirement for overboard leakage to control poorly sorbed contaminants.
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The evaluation matrix is shown in Table 19. There is no significant difference
in weighted values for total equivalent weight and no difference at all in volume. The
catalytic burner could experience heater failure and is therefore rated lower in reli-
ability. The bleed method involves less equipment and development and therefore
costs less. The bleed and sorbent system has been relied on for past systems and is
planned for future Apollo flights; it is rated as the most developed. On the basis of
total score, the bleed and sorbent method was selected as the preferred approach.

Metabolic support subsystem. — The metabolic support subsystem involves the
feeder and food supply, drinking water, waste management, and cage assembly.

Feeder and food supply: Based on a review of the state-of-the-art and an evalu-
ation of the experience of LMSC and other industrial and government organizations
associated with similar experiments, a number of food supply concepts were investi-
gated during the early phase of the study:

e An all fluid diet
e Dry food pellets — prepackaged
o Dry food pellets — random stored

The all fluid approach is extremely attractive in meeting purely mechanical
criteria such as space and reliability, and there are no extensive engineering develop-
ment requirements. Before such a system can be regarded as operational, however,
considerable research is needed into the physiological and psychological aspects of a
total fluid diet and the long-term effects on the animals. Furthermore, no such all-
encompassing liquid food is available at this time. Consequently, the all-fluid appoach
was not pursued.

A number of systems have been developed in the past making use of various pre-
packaging techniques for dispensing dry food to the animals. The main problem in
this case, however, is the number of pellets involved. One animal's food supply for
the duration of the experiment consists of over 40,000 pellets, eachweighing one gram. As
a result, systems which have proved promising for short duration experiments become
impractical in light of the large number of servings involved. Systems which were
considered included a tubular magazine arrangement, similar to that employed to
deliver 1,100 spherical pellets on the Air Force BRAVO Program. Also reviewed
was the highly complex system developed for the Air Force BIOS Program in which
2400 flat tablets were attached to eight drums of tape and presented in sequence to
the animal at eight dispensing units. The application of such principals to the longer
duration experiment was ruled out on the grounds of space requirements for storing
the pellets, and the extreme complexity and, hence, poor reliability of the conveyor
and dispensing mechanisms.

The random storage approach, employing approximately spherical in shape
pellets, has been used successfully in the past by LMSC. While such a system calls
for some development work on the method of conveying the pellets to the dispenser
and storing them in such a manner that they do not become locked together, the
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mechanisms required are relatively simple and the design is not limited by the num-
ber of pellets to be stored. Consequently, effort was concentrated on various random
storage arrangements.

In developing concepts for the food container and its allied systems, attention
was directed towards two primary objectives:

® A reliable conveyor system to ensure that a pellet is always available
in the dispenser when the animal gets the feeding signal.

e Some means of ensuring that the pellets are always in the area of the
conveyor system and do not become locked together in the upper part
of the container.

The two concepts investigated are shown in Fig. 50. Concept 1 uses a conveyor
belt system which forces the pellets down a tube and into the dispenser. A cam-
operated leaf spring agitates the pellets locally and directs them into the conveyor.
Several concepts for driving the pellets down the container were studied. These in-
cluded an inflatable gas bag and a piston operated by gas or a spring. The arrange-
ment shown is a piston pulled down the cylinder by a wire attached to a constant torque
mechanical drive unit. This offers the advantage of light weight, system reliability,
and a constant force for the duration of the experiment. Locking of the pellets in the
upper part of the container is prevented by a jet of nitrogen which enters the lower
part of the cylinder causing the piston to back off. After agitating the food pellets,
the gas escapes through a relief valve in the piston and enters the life-support envir-
onment of the vehicle.

Concept 2 utilizes a principal which has proved successful in previous experi-
ments. The bottom end of the cylinder is a rotating plate with 40 recepticles around
the periphery in which the food pellets are collected. The plate rotates one-fortieth
of a revolution each feeding cycle, and a lever delivers a pellet to the dispenser from
each receptacle in turn. The center portion of the rotating plate is a cam surface and
a similar surface is provided on the piston. The two surfaces are mechanically con-
nected so that as the system rotates, a rising and falling rotary motion is imparted to
the pellets, preventing a jam condition from developing. As in the previous concept,
a constant torque device maintains the force on the piston as it directs the pellets
down the cylinder towards the conveyor system.

The evaluation of the two feeder concepts is shown in Table 20. Preliminary
study indicated a small weight and volume advantage in favor of the concept employing
the rotating plate conveyor. The principal basis for comparison, however, was that
of reliability. The receptacle plate progresses 40 times to make one complete revo-
lution. Consequently, by the time a given receptacle reaches the dispenser, it has
had 39 opportunities to collect a pellet. This offers a reliability advantage over the
belt conveyor arrangement that allows only one opportunity per feeding cycle for a
pellet to enter the system.
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In either configuration, considerable investigation is needed to ensure that a
problem is not created by the food pellets becoming locked in a solid mass that would
prevent their moving down the cylinder and entering the conveyor system. The degree
to which this is a problem in a container such as is being considered can be determined
only by testing. It appears, however, that the mechanical agitation of the cam surfaces
in the rotating plate conveyor concept will provide a more positive means of dealing with
the problem than would the periodic nitrogen jet approach of the belt conveyor concept.

The results of the studies conducted indicate the superiority of the rotating plate con-
veyor system.

In either case, further study is needed to determine the abrasive effect of agita-
ting the food pellets; it may be necessary to apply a hard coating to the pellets to pre-
vent their grinding away during the time span of the experiment. The mouth-operated
dispenser described below is used in both concepts.

The food pellets selected for this program are approximately spherical in shape
and nearly 0.5 in. in diameter. During the early phase of the study, two methods were
considered for presenting the food to the animal:

® Manual —in which the animal removes the pellet from the dispenser
with its fingers.

e Oral —in which the animal grasps the dispensing unit with its jaws
and a pellet is automatically ejected directly into its open mouth.

On the recommendation of the Principal Investigator, effort was concentrated on
the oral method since it offers less opportunity for the animal to waste the pellet after
having extracted it from the dispenser. The dispenser configuration finally selected
is shown in Fig. 50.

Drinking water supply and waste water storage: Four candidate concepts were
considered for the drinking water supply and waste water storage subsystem. These
concepts are shown schematically in Fig. 5la and 51b.

In Concept 1 the drinking water supply is contained in two hydro-pneumatic storage
tanks. This type of tank is used since it provides ullage control under zero-g condi-
tions and ensures positive feeding of water to the dispensing system. A separate
pressurization system is included in this concept to provide the pressurant for expul-
sion of water from the tanks at a regulated pressure and flow. Drinking water is
supplied to both dispensing systems (one in each animal cage) from one supply tank
until it is emptied. At that time the solenoid valves at the outlet of each tank are
actuated and the water is supplied from the full tank. Waste water from the environ-
mental control system (ECS) water separator is allowed to flow into a single hydro-
pneumatic storage tank by the actuation of a solenoid valve. Water flows into this tank
by maintaining a pressure in the storage tank lower than cabin pressure. This pres-
sure differential is maintained throughout the mission by an absolute pressure vent
valve. Operation of this valve on the ground will not be required due to the small
volume of waste water generated during this period as compared with the volume of
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low pressure air contained on the opposite side of the bladder. When this tank is
filled with waste water, two solenoid valves are actuated. One valve removes the
pressurant supply from the empty water supply tank and connects this side of the
tank to a vent valve which maintains a pressure lower than cabin pressure. The

other valve directs the flow of waste water from the ECS to the empty drinking water
storage tank.

Concept 2 is identical to Concept 1 except that the nitrogen pressurization sys-
tem used for the expulsion of water is eliminated and the pressurant is supplied from

the ECS. This allows the option of supplying either nitrogen or oxygen for pressur-
ization.

Concept 3 employs separate drinking water supply and waste water storage
hardware with hydro-pneumatic storage tanks used to provide ullage control as in the
foregoing concepts. Pressurant for the positive feeding of water to the dispensing
system is obtained from the ECS as in Concept 2. The waste water storage tanks
function as described in Concept 1 but have adequate capacity to accept the total waste

water generated during the mission without switch-over to a depleted water supply
tank.

Concept 4 is identical to Concept 3 except that a separate nitrogen storage and
pressure regulating system for drinking water expulsion is included in the same
manner as in Concept 1.

The evaluation matrix for the four candidate concepts is shown in Table 21. All
concepts have similar weights and a total volume spread of less than 27 percent. Elec-
trical power required to operate the solenoid valves and the weight penalty associated
with this power have not been included in the evaluation because of the very short time
that power is used and since the valves operate once only during the mission. Latch-
ing solenoids which remove power once actuated were the only type considered for
this application. The rather complex valving and controls required to permit dual
usage of the drinking water storage tank as a waste water storage tank results in lower
system reliability than a system not requiring this dual usage. The addition of a sep-
arate pressurization system to either an integrated or a separated drinking water
supply and waste water storage system also results in a decreased overall reliability
when an existing (ECS) pressurization source is available for this purpose, especially
when the ECS can provide pressure from either its nitrogen or oxygen supply. The
separated system of Concept 3 offers another reliability advantage to the drinking
water supply system by permitting the installation of a normally closed solenoid valve
between the outlets of the two supply tanks permitting feeding of both animals from
one tank should the water in the other tank be unavailable for any reason. Considering
all factors, Concept 3 was selected as the preferred approach.

Drinking water dispensing: Three candidate concepts were considered for the
drinking water dispensing subsystem. These are shown schematically in Fig. 52
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Concept 1 is the simplest candidate and consists of a normally-closed spring-
loaded solenoid valve, a flow meter, a filter, and a mouth device. The solenoid
valve is enabled by the successful completion of a psychomotor task. Closure of the
mouth-device switch results in delivery of drinking water to the animal. The quantity
is determined by a timer in the enabling circuit. The use of a flow meter to accur-
ately measure the flow of up to 2 cc of water event for a period of one year is also

required. A filter to prevent contamination of the water supply from the mouth device
end is also incorporated.

Concept 2 incorporates an additional normally-closed solenoid valve and a
spring-loaded bellows aliquot accumulator. In operation, the upstream solenoid valve
is energized by the psychomotor programmer and permits charging of the aliquot
accumulator, and, when full, the valve is deenergized. Upon successful completion
of the psychomotor task, the downstream valve is enabled and upon closing of the
mouth-device switch, the water in the aliquot accumulator is delivered to the animal.

The flow sensor, using the aliquot water as a conductor monitors and verifies the
water delivered to the animal.

Concept 3 uses an aliquot accumulator and a flow sensor on the mouth device ,
but a 2-way 3-position normally closed solenoid valve is used to both charge the
accumulator and, when actuated, deliver the aliquot to the animal. This system is
quite similar to Concept 2 except that it is not possible to have a continuous flow of
water from the supply to the animal.

The evaluation of the candidate water dispensing systems is shown in Table 22
Concept 1 received a low reliability rating even though it is quite simple. This is
because it is possible to dump the water from a supply tank into the lifecell in the

~event the solenoid valve fails inthe open position. Concept 2 is perhaps the most —

complex of the three candidates and, although more reliable than the first system,
requires the operation of two valves for the delivery of one aliquot of water. It is
also possible, in the event of failure of both valves in the open position, to dump the
water supply into the lifecell. Concept 3 is only slightly more complex than Concept
1; however, it delivers a known quantity of water at a controlled pressure each time
the solenoid valve is actuated and, regardless of failure of either the solenoid valve
or the aliquot accumulator or both, the supply water cannot be dumped into the life-
cell. Therefore, primarily on the basis of reliability, Concept 3 was selected as the
preferred approach.

Waste management: Waste management is considered to be one of the most
critical design areas because its operation requirements are both unique and formi-
dable, and also because its proper functioning directly affects the health and well-
being of the animal. The selected system must work equally well and with a high
degree of reliability on the launch pad as well as in the weightless condition. Four
candidate concepts were investigated which meet these requirements with varying
degrees of confidence (Figs 53a and 53b).
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In all concepts, air flow is used to direct waste material into a receptacle below
the cage in the absence of gravity. Periodically, a high-flow fan located at the air in-
let above the cage will be turned on, directing a high volume of air (~2000 cfm) through
the cage to force waste material entrapped in the cage area to the waste management
area below the cage. In Concepts 1, 2, and the first two modular developments of Con-
cept 3, a germicide will be introduced into the waste management area directly above
the collected fecal material at the time the high-speed fan is turned on. This will con-
trol harmful bacterial growth.

Concept 1 is semi-passive in that high-and low-air flow is used to direct waste
into the receptacle below the cage floor. The fecal material is collected in a mesh
basket. The urine-laden air is passed through the mesh basket where the air flow is
split in two directions. One direction is relatively high-volume air flow where the air
is directed across the surfaces of an absorbent material and then directly exposed to
the urine. As the air flows across the urine in the absorbent material, the urine is
evaporated. The absorbent material is pretreated with a germicidal chemical to con-
trol bacterial growth. The low-flow air is then directed through the lithium hydroxide
and charcoal beds, a water separator, and then to the inlet area at the top of the cage.
This system provides maximum waste disposition with a minimum of mechanics while
on the launch pad as well as in orbit.

Concept 2 is based on centrifugal separation of the wastes. Several inches of
liquid germicide are placed in a receptacle below the cage. In the receptacle are
rotating paddles operated by a motor beneath the receptacle. While on the launch pad,
the paddles are stationary and the waste material drops through the grid in the cage
floor and into the liquid. During the launch mode just prior to initial orbit insertion,
the paddles will be set in motion, forcing the liquid up and out against the sides of the
receptacle. The paddles will operate continuously during the mission at a low rpm.
The paddles will be counterrotating to prevent perturbations to the stability of the
spacecraft. Air flow will direct waste material into the receptacle. The paddles
will be designed with a certain amount of helix to aid in directing the waste material
into the germicidal liquid. When the waste material builds up to a predetermined
level, a fluid level sensor will open a solenoid valve, and a portion of the contaminated
liquid will be dumped into a storage tank. The discarded liquid will then be replaced
with an equal amount of germicidal chemical.

Concept 3 has a wire mesh conveyor belt that covers the entire area below the
cage floor. Below the mesh conveyor is an array of absorbent material pads con-
taining a germicide. Air flow directs the waste material through the cage floor where
the fecal material is deposited on the mesh conveyor. Urine is passed through the
mesh and directed across the absorbent pads. The urine, picked up by the absorbent
material, is evaporated into the air stream and removed in the humidity control water
separator. An electric motor periodically moves the conveyor, depositing the fecal
material in receptacles. The mesh conveyor is rotated past a flap and brush to clear
the mesh and prevent its becoming clogged so as to prevent passage of urine-laden
air. The direction of the conveyor is alternately reversed to obtain a reasonable
equal distribution of fecal material.
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Concept 4 is unique in that it lends itself to a predetermined sequence of modi-
fications as deemed necessary by findings resulting from the developmental phase of
the program. Utilizing the basic system as defined in Concept 1, the fixed fecal
collecting basket is replaced with a rotatable one. Inside the basket is a fixed scraper.
The basket is periodically rotated to allow the scraper to clear the upper portion of
the basket to ensure adequate air flow. The second evolutionary step was considered
as being a potential requirement because of the possibility of the scraper causing the
fecal material to be embedded in the mesh basket. A solution to this problem was to
add a rotating brush outside the basket which would maintain a clear passage through
the mesh. A third modification was the addition of a warm water and germicidal
flush. Using waste water mixed with a germicide, the cage would periodically be
washed down. As one of the behavioral tasks, the animal could be trained to go up
inside the retrieval capsule where he would actuate a switch on command. This
switch would start the high-speed fan and open a valve to allow flow of the water and
germicide which would enter the cage area through a header directly below the high-
speed fan. The flush system would be automatically turned off after a predetermined
time interval. This would also signal the animal to come out of the retrieval canister.
Flush water would be absorbed in the absorbent material and later evaporated, con-
densed, separated, and delivered to the waste water storage system. The design
approach to this evolutionary process is to start with the simple basic Concept 1 and

to add the above modular refinements only as they are found by development testing
to be required.

The evaluation of the four candidate concepts is shown in Table 23. Weight,
volume, and electrical power requirements calculated for the candidate waste manage-
ment systems indicated a wide variation in these values. The values generally increase
with a correlating increase in complexity, particularly in case of the power require-

~—ments. ~The motor driven schemes are further burdened by the high-speed fan that ——

is common to all concepts. Concept 1 is the simplest and lightest because it is essen-
tially passive and, therefore, more reliable than Concepts 3 and 4. Concept 2 is con-
sidered less reliable than Concept 1 because of the rotating paddles, level control,

and interface with waste water storage required with this concept. The conveyor
system used in Concept 3 will allow the fecal material to dry by evaporation before it
is stored in the containers at the ends of the conveyors, and the bacterial growth prob-
lem will be reduced if not eliminated. However, the power required to drive the con-
veyor belts is quite high, and the reliability of such a system is rather low. Concept
4 also suffers from the complexity of the waste collection basket and brush drive
motors and the associated lower reliability rating.

Because of its low weight and volume, high reliability, and relatively high de-
velopment status, the simple passive waste management system described as Concept
1 has been selected for further design during the preliminary design phase of the
study. The inherent development potentials, outlined in the description of Concept 4,
constitute the other major factor in the selection of this system. If necessary, during
the hardware development phase of the program, the system may be modified in the
progressive steps outlined. Such modification will not require extensive redesign and
will not affect the cage or lifecell basic configuration.
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Cage assembly: Several geometric shapes were explored to arrive at a suitable
cage configuration. However, very early in the analysis, the advantages of a cylin-
drical configuration became apparent from the standpoints of equipment placement,
structural integrity, and fewer corners in which waste matter could accumulate. The
cylindrical shape was, therefore, selected as the preferred approach. This choice
was later confirmed by its compatibility with the retrieval method and waste manage-
ment system.

The selected concept for a cage configuration is shown in Fig. 54. The basic
cylinder is 34 in. in diameter by 48 in. high to give a volume of 25.2 ft3. The struc-
ture consists of a 0. 005-in. thick corrosion resistant steel liner supported by an
external frame structure of aluminum rings and forgings. The smooth walls of the
liner will help to minimize waste deposition. The selected concept provides sufficient
volume for animal activity and is sturdy enough to resist damage by the animal. It
also forms a part of the animal retrieval system.

Lifecell. — The lifecell subsystem forms the basic structure of the spacecraft
and the pressure vessel which contains the metabolic support system. Consideration
was given to the size, shape, and general arrangement of the lifecell to ensure a work-
able interface with the many subsystems which are required to support the primates.
The design approach taken in the study of lifecell candidates was to work from the in-
side out; that is, the basic needs of the primates were analyzed and the equipment defined.

This provided a envelope which must be contained within a given size and shape of press-
ure vessel.

With the basic payload envelope defined, various shapes of lifecell candidates

were studied with emphasis placed on structural integrity, seal technique, retrieval-
_ canister interface, ground handling, easy installation/removal of the metabolic sup-

port system, interface with the spacecraft, weight, and production costs. Early in
the evaluation it became apparent that the design and placement of the cage system
had a strong influence on the shape of the lifecell. Another strong factor in the cage
arrangement was its interface with the retrieval system. Three configurations were
considered as shown in Fig. 55.

The first design explored was based on an elliptical lifecell with elliptical dome
ends. The elliptical shape evolved as a result of placing two cylindrical cages tangent
to each other at the lifecell center. While this shape lends itself to good utilization of
space within a given area, it does not provide a good structural shape as a pressure
vessel. Preliminary stress analysis revealed that circumferential rings of consider-
able weight would be required to carry the pressure loads. The elliptical shape is
not easy to fabricate and tooling cost would be high.

Keeping the same cage arrangement, the next configuration studied employed a
cylindrical section with dome ends. This shape is more desirable as a pressure
vessel and provides good volume-to-weight ratios. Cage placement can be relatively
close to the outside diameter of the lifecell which provides a large area at the center
of the lifecell for metabolic support equipment installation. Circumferential rings at
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the dome interface with the cylindrical section to provide attach points for the spacecraft
structure. The bottom end dome is removable for installation of the complete meta-
bolic support system. Common to all lifecell configurations, one dome end is held in
place by the use of a Marman V-band clamp using an O-ring seal. Lockheed experience
with this type of clamp/seal arrangement has proven most satisfactory on two previous

lifecell designs, both of which were subjected to a hard vacuum, one for 30 days l
duration.

A sphere was selected for the third candidate system. The sphere is the best l
structural shape for a pressure vessel and would seem to be a good candidate for a

lifecell. However, studies indicated that to house the cage arrangement and meta-

bolic support system, a 92-in. diameter sphere would be required. While this shape
provides the most volume, not all of it is useful volume. That is, parts and components l
must now be designed to fit within the spherical shape to best utilize the volume. Rings

and intercostals are required to mount equipment and carry the load to the structural

shell. Additional rings are required to provide mounting interfaces for the spacecraft. I
While the spherical shell is structurally efficient, considerable structure is required

both internally and externally to distribute the loads into the shell.

The evaluation of the candidate lifecell configurations is shown in Table 24 . The l
weight figures for all candidates represent total lifecell subsystem including structural
shell, V-band clamp, internal-support structure, external rings, and spacecraft inter-
face fittings. Reliability was equally high for each of the lifecell candidates. Sound I
structural engineering and test would produce a reliable unit for each concept. The
main tradeoff to consider is the weight of structure to ensure the reliability.

Cost of development and fabrication would be different for each concept. The
elliptical design would require considerable tooling to form the dome ends and the
elliptical center section; rings would be costly to machine. Due to these factors, the
fabrication cost is considered high for the elliptical lifecell.

Tooling and production costs for the cylindrical shaped lifecell would be nominal.
Tooling is required to spin the dome ends; however, since the dome ends are symme-
trical, only one die will be required. The rings being round, rather than elliptical,
are much less expensive to machine.

The spherical lifecell is rated between the elliptical and cylindrical designs.
Cost in tooling will be higher due to the size of the dies required to spin each hemi-
sphere. Interior structure, such as intercostals, are more difficult to form due to
the compound contours of the spherical surface.

Concept development status of both the cylindrical and spherical designs are
rated the same. Both shapes are common to pressure vessel design and present no
development problems. The elliptical pressure vessel is not as common a design
and would require some development testing.
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The matrix total score indicates the best candidate lifecell configuration to be
cylindrical design. The design offers a good compromise between the optimum pres-
sure vessel structural shape and ore which allows maximum useful volume for instal-

lation of the ECS and metabolic support equipment without special packaging require-
ments.

Special equipment. —Special equipment involves the mass measurement system,
behavioral panel, animal retrieval, and retrieval canister.

Mass measurement system: Among the concepts investigated for mass measure-
ment were techniques using an oscillating spring mass, torsional pendulum, centrifuge ,
impulse momentum, conservation of momentum, linear acceleration, and inertia beam
balance. All these concepts require complexity in mechanisms and positive animal
restraint. In itself, the degree of animal restraint required to perform mass measure-
ment four times a day is considered an overriding factor in eliminating any of the
foregoing methods. Therefore, a nearly passive approach was adopted in which animal
handling is reduced to a minimum. The concept is shown in Fig. 56.

The selected concept uses "'soft" X-ray radiation. In this system, the animal is
positioned between a radiation source and a radiation detector. To take a measure-
ment, a collimating aperture in the shield of the source is opened, and the radiation
transmitted through the animal's body is measured by the counter connected to the
detector. Knowing the source characteristics and the composition of the animal, the
mass is determined by radiation attenuation and geometry.

The concept uses cobalt-57 as the radiation source and a cesium iodide scintil-
lation counter as the detector. The source material is commercially available and
several millicuries should be sufficient to allow the accumulation of 100,000 counts.
Scintillation counters of the type planned have been successfully flown as experiments
on Pioneer VI and VII flights and are being planned for future use on long-duration
cosmic ray space experiments. The technique itself has been used successfully to
measure propellant quantities, aircraft oil inventory, and lettuce head mass. Radia-
tion exposure to the animal is minimal, being on the order of one millirad delivered
to the skin per measurement.

Behavioral panel: The behavioral panel concept was largely determined by the
detailed requirements specified by the Principal Investigator. Therefore, no formal
tradeoff analysis was made in this area. The concept, based on the specified require-
ments, is covered in the System Description section of this report.

Animal retrieval: Recovery of the animals from the orbiting spacecraft will
require the use of retrieval canisters installed in the lifecell and a means of trans-
ferring the animals into these canisters. The canister itself is discussed in following
sections of this report. The method of transferring a primate into the canister is
complicated by the fact that the system must be capable of functioning properly whether
the animal is alive or dead, tractable or recalcitrant. Four candidate concepts were
explored and evaluated.
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Retrieval Concept 1 is shown in Fig.57 . This concept utilizes the cage wall
structure to confine the animal within a small known volume that is cylindrical in
shape with the same diameter as the retrieval canister. This is accomplished by
rolling the thin-steel cage wall on a motor-driven roller to form a tube leading into
the retrieval canister. A domed floor plate is then forced upward through the tube
by a telescoping pneumatic actuator located beneath the cage floor. As the domed
plate moves upward, the animal is forced into the retrieval canister. At the end of
the actuator travel, the domed plate is forced into a seal ring located in the canister
and becomes the end closure. The dome will separate from the telescoping actuator
on removal of the retrieval canister by the astronaut. The canister is secured to the
lifecell at its mating joint by a V-band clamp with a quick release toggle to permit
easy removal of the canister by the retrieving astronaut.

Concept 2 is shown in Fig. 58 . This concept uses the same retrieval canister
as described in the first concept. However, this method utilizes a pneumatic tubular
bladder to raise the cage floor to the top of the cage by admitting air pressure between
the floor peripheral sliding seal and the cylindrical cage wall. This air causes the
floor to rise due to the area differential between the minimum bladder tube diameter
and the floor sliding seal or cage wall diameter. A domed plate forms the center of
the floor, and as the floor rises into the conical section joining the top of the cage and
the bottom opening of the retrieval canister, the animal is forced into the retrieval
canister. As pressure is applied to the ring stiffened bladder tube, the domed floor
plate is forced into the bottom opening of the retrieval canister and forms the canister
closure in the same manner as described in Concept 1.

Concept 3 is shown in Fig. 59 . This retrieval system utilizes an elevating floor
to locate the animal in the upper end of the lifecell where it may enter the canister of
its own accord or be forced to enter by a separate action of the retrieval canister.

The floor is raised to the upper end of the lifecell by a telescoping pneumatic actuator
located under the cage floor. The retrieval canister is the same as that described for
Concepts 1 and 2 except that it has an inner piston to which radial L-shaped rods are
attached by hinges on its lower skirt. These hinged rods are secured to form the
upper end of the cage by a latching ring which, upon actuation, releases the spring-
loaded, hinged, L-shaped rods that spring downward through the radial floor rods.
Simultaneously, with release of the hinged rods, the canister piston is raised by vent-
ing space the air above the piston in the canister outer shell causing the piston to be
drawn upward into the outer shell of the canister. This action forces the animal to the
center of the floor and draws it upward with the piston into the retrieval canister.
When the piston has reached its upper position, a spring-loaded hinged door is re-
leased and swings into the closed position and seals the retrieval canister. Fluid and
air connections to the inner piston are made automatically when the piston has reached
its maximum upward travel. The canister is mounted to the lifecell in the same
manner and may be removed by the retrieving astronaut as described under Concept 1.
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Concept 4 (not shown) accomplishes insertion of the animal in the retrieval
canister by the application of a small force "downward" on the entire spacecraft.
This force can be produced by a small solid rocket that is ignited by ground command
and results in a small acceleration of approximately 1/4g causing the animal to rise
to the top of the cage and into the retrieval canister. A conical section joins the top
of the cage and the bottom opening of the retrieval canister and causes the animal to
be guided into its bottom opening. The upward motion of the animal is further aided
by a flow of air from the lifecell through the canister and to space through a vent
valve located in the upper end of the canister. This valve is opened after the rocket
thrust has been initiated and is closed by the animal's body striking a trip lever in
the top of the retrieval canister. Simultaneously, with the opening of the canister
vent valve, a telescoping pneumatic actuator located beneath the floor is actuated
and raises a domed floor plate into the bottom opening of the canister to form a sealed
closure in the same manner as described for Concept 1. The retrieval canister mount-
ing and removal provisions as well as the fluid preservative system are the same as
described for the previous configurations.

The evaluation matrix for the candidate retrieval concepts is shown in Table 25.
The weights and volumes listed on the matrix do not include the weight and volume of
the retrieval canister since these values are included in the data presented in the re-
trieval canister fluid and life support system evaluation. The weights and volumes listed

here pertain only to those features in the cage and canister peculiar to a specific concept.

While the weight and volume of the concepts presented are significant factors,
the ability of a retrieval system to insert an uncooperative, ill, or deceased animal
into the retrieval canister and seal it positively is considered the most significant
factor in this evaluation. Concepts 1 and 3 are the most positive in this respect, with
Concept 3 receiving a lower reliability rating because of the more complex closure
door and rod release mechanisms as well as the possibility of a hand or a foot of an
ill or deceased animal protruding through the retrieval canister rods and preventing
complete closure of the canister door. The ability of an uncooperative animal to
resist the action of the pneumatic tubular bladder rising floor and closure of the can-
ister in Concept 2 has resulted in the low reliability rating of this system. These
same comments also apply to Concept 4, in addition to the lack of a positive cage
volume reduction scheme, resulting in the very low reliability rating given this system.
The significantly lower weight of Concept 1, as compared to the other concepts, is due
to the very thin steel used for the cage wall as well as a tubular guide during insertion
of the animal into the canister. As shown on the evaluation matrix, Concept 1 achieved
the highest score and was selected as the preferred approach.

Retrieval canister: Three concepts were evaluated for the retrieval canister.
These concepts took into account the requirements for life support of a live animal as
well as a preservation method for a dead animal.

Concept 1 is shown in Fig. 60a . This concept utilizes a high-pressure storage
tank and associated valving mounted on the retrieval canister for the supply of
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oxygen-enriched air to the animal for 24 hours when it is contained within the retrieval
canister. Actuation of the supply is accomplished by the retrieving astronaut by open-
ing the manual shutoff valve located on the outlet of the air supply tank. This enriched
air is admitted to the top of the canister through a diffuser plate at a rate in excess of
that required by the animal. Excess air, CO2, and other gasses are vented overboard
through a collector ring located near the bottom of the tank, a bleed valve, a manual
3-way valve, and a thrust nullifier, thus assuring the animal a constantly changing air
supply. The manual valves permit temporary shutdown of this system during entry and
installation in the Apollo Command Module to avoid contamination of the Command
Module cabin atmosphere. A vent disconnect fitting is provided to interface with the
ACM vent system. When the retrieval canister/command module interface is complete,
the manual valves are opened and air flow through the canister is resumed, Fluid pre-
servative for the preservation of a deceased animal is contained in a remotely located
hydropneumatic storage tank that is plumbed to the canister through a disconnect fitting
which may be removed by the retrieving astronaut. A separate pressurant supply tank,
pyrotechnic valve, and flow limiter are provided for the expulsion of the preservative
from the hydropneumatic tank into the retrieval canister. Air being displaced by the
entering preservative fluid is vented overboard through the previously described vent
system. Actuation of this system will be accomplished by ground command.

Concept 2 is shown in Fig.éOb . This system is the same as Concept 1 system
except the preservative expulsion pressurant is provided by the lifecell metabolic sys-
tem nitrogen supply. This permits a total weight savings of approximately 8.4 pounds.

Concept 3 is also shown in Fig. 60b. A passive metabolic support system is em-
ployed in this concept which uses KO2 and LiOH to provide the breathing oxygen re-
quired and to absorb the COg produced by the animal. These compounds are contained
within the retrieval canister and become activated automatically upon installation of the
canister door. The preservative fluid system is the same as that used in Concept 2.
However, the bleed valve has been replaced with a low-pressure relief valve to allow
venting of the air through a vent nullifier because it is not required during occupancy
by the animal. This eliminates the requirement for any interface with Command
Module functional systems.

The evaluation of these three concepts is shown in Table 26. Concepts 1 and 2
are very similar with respect to weight, volume, cost, and development status. How-
ever, the reliability of Concept 1 is reduced due to the added complexity of a separate
preservative expulsion pressurization system. Concept 3 has considerable weight and
volume advantage over Concepts 1 and 2 due to the elimination of the high-pressure
breathing air supply tank and associated valves, flow limiter, and plumbing. In addi-
tion, the elimination of the bleed vent system and the necessity for a functional inter-
face with the ACM vent system has resulted in a higher reliability and lower cost value
for this concept. Therefore, Concept 3 was selected as the preferred approach,

Data management subsystem. — Various methods of accomplishing the required
objectives for the data management subsystem were investigated. However, very
early in the tradeoff analysis phase, it became apparent that the overriding consideration
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was the Statement of Work requirement for compatibility of the data management sub-
system with the configuration and capabilities of the Apollo ground network. Since at
this stage of development, AAP plans are still in the process of change, it is conceiv-
able that the configuration and capabilities of the Apollo ground network will change.
However, it is certain that Apollo flight hardware must keep pace with any changes in
ground station equipment. In addition, this hardware will be developed and qualified
for flight as part of the Apollo Program. For these reasons, the fundamental tradeoff
decision was the qualitative one to use the Apollo Unified S-Band data management
equipment, modified only as necessary to meet OPE data requirements, as the core of
the OPE data management subsystem.

Qualitative tradeoff analyses were also made in the areas of critical biodata and
environmental sensors. These are summarized below.

Activity counter: The following candidate concepts were considered:

Transmitter Signal Strength Variation
Implanted Magnet

Implanted Coil

Proximity Detector

Ultrasonic Motion Detector

The transmitter signal strength variation method makes use of variations in
signal strength of the already implanted temperature transmitter. It requires an ex-
ternal antenna detector, digitizer, and binary counter. Its primary advantage is that
it requires no additional implant. However, in this method the loss of the temperature
channel results in the loss of activity measurement.

In the implanted magnet method, high impedance coils detect animal motion
through induced coil-voltage outputs. It requires a Teflon-coated bar magnet plus
external detection coils, digitizer, and binary counter. Its advantage lies in its
sensitivity and low power consumption. It has the disadvantage of offering little ex-
perience in actual application for this purpose.

In the implanted coil method, a tuned coil causes signal strength variations in
the transmitter/receiving antenna due to animal movement. It requires an implanted
tuned coil, external carrier transmitter, receiver, antenna, detector, digitizer, and
binary counter. Its disadvantages include relatively high power consumption, com-
plexity of instrumentation, and little experience in actual use for this purpose.

In the proximity detector method, the animal's body works as a variable capaci-
tive load for an oscillator. It requires an oscillator/receiver, detector, digitizer,
and binary counter. No additional implant is required. Among its disadvantages are
low triggering sensitivity for minor movements and relatively high power require-
ments. In addition, animal wastes on the antenna will change the basic oscillator
frequency.
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The ultrasonic motion detector method uses a principle in which animal move-
ments disturb the distributed sound pattern generated by an ultrasonic generator inside
the cage. It requires a generator, detector, digitizer, and binary counter, It has a
very high sensitivity and requires no additional implants. Its disadvantages include
high power requirements and the fact that positional changes of the TV camera will

register as false animal movement. In addition, the animal may suffer adverse effects
from continuous exposure to ultrasonic energy.

The recommended approach is to use the transmitter signal strength variation

method as the primary means of measuring activity and to include the implanted mag-
net technique as a backup method.

Carbon dioxide detector: The following candidate methods for CO2 detection
were investigated:

e Electrochemical
e Ionization

o Infrared

® Mass Spectrometer

The electrochemical method uses a glass electrode sensitive to pH, a reference
electrode, and electrolyte gel in which pH changes provide a variation in cell poten-
tial. The potential change is proportional to the log of CO9 concentration. It is
small, simple, rugged and has low power consumption. On the other hand, electrolyte
evaporation limits sensor life, the method has poor stability, is very sensitive to cir-
cuit impedance, requires large amplification, and has low response.

In the ionization sensor, COg2 is removed from a reference stream and both
reference and measurement streams are passed through ionization chambers. The
ionization current difference between the reference and measurement chambers is
proportional to the COg concentration in the measurement stream. It offers the ad-
vantages of being simple and qualified for spaceflight, and of having very low power
consumption and low cost. Its disadvantages are that a sorbent is required to remove
CO2 and it is less accurate than other techniques considered.

The infrared sensor detects infrared attentuation of a sampled atmosphere at two
narrow wavelength intervals — one at the absorption band unique to COy (~ 4.27 u),
the other at a band where no normal atmospheric gases absorb (~ 4 u). The ratio
of attenuation values provides an output proportional to CO2 concentration. Its ad-
vantages include the facts that it is a classic laboratory and industrial technique, uses
simple optical and electronic systems, has low power consumption, and equipment is
already under development for spaceflight applications. No significant disadvantages
are known,

In the mass spectrometer, sample gas is admitted to an ionization chamber

through a viscous flow pressure divider and molecular leak. Ions are accelerated
through a focusing system to an exit aperture. The magnetic field bends the ion
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stream to a circular path depending upon the mass-to-charge ratio. The ion collectors
are positioned to receive current at specific positions to continuously indicate COo
concentration. Its advantages include rapid response, high accuracy, an output signal
directly proportional to COg concentration, and the fact that equipment is already
under development for spaceflight application. It can also be used to measure other
gases of interest. Its disadvantages are high weight and power, critical filament life,
and is currently the least developed of the candidates considered.

On the basis of the above factors, the infrared sensor was selected as the pre-
ferred concept for CO2 detection.

Oxygen detector: Three candidate methods were studied for O, detection.
These were:

® Electrochemical
e Ultraviolet
e Mass Spectrometer

The electrochemical method uses a small enclosure containing a gold cathode, a
silver anode, and a cellulose-base KCl gel covered by a Teflon membrane. Oxygen
passing through the membrane diffuses to the cathode. A potential of 0.8v applied
across the two electrodes results in a current flow directly proportional to the oxygen
partial pressure. It is small, simple, rugged, has rapid response, low power con-
sumption, and is qualified for space use. Its disadvantages are that electrolyte evap-
oration limits sensor life, the method has relatively poor stability, and requires large
amplification.

The ultraviolet sensor detects ultraviolet attenuation of the sampled atmosphere
at 1,470 A through the use of a xenon source, sample path, and detector. The source
limits the spectral bandwidth; the fixed path length of the sample cell allows the deter-
mination of Og concentration from observed transmittance; and the detector converts
the transmitted energy into an electrical signal proportional to Og concentration. It
offers the advantage of using simple optical and electronic systems under development
for spaceflight application. Its disadvantage is that it requires the highest power of all
techniques compared. One version of this sensor provides a water vapor measurement
in conjunction with the oxygen measurement.

The mass spectrometer operates in a manner similar to that described for the
CO2 mass spectrometer,

Due to the many advantages of the ultraviolet sensor, this method was selected
as the preferred approach for Og sensing; it also provides a water vapor measurement.

Radiation detectors: Four types of radiation dosimeters were considered:

Plastic scintillator — chemical composition (CHi 1 )n
Tissue equivalent ionization chamber

Silicon solid state detector

Passive
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The plastic scintillator uses a detector which is chemically similar to tissue and
thus shows proportionality to absorbed energy. While not perfectly tissue-equivalent,
the energy absorption characteristics are much closer to tissue than in any other prac-
tical system. The light output from the scintillator is proportional to the total energy
deposited for either heavy ionizing particles or electrons over a wide energy range.
High sensitivity is obtainable by use of a photomultiplier tube-high density detection
medium. The ionization chamber uses the Bragg-Gray principle: the ionization level
measured by the detector is proportional to the total energy deposited in the large vol-
ume of material surrounding the detector element. The most severe limitation with
this detector is its relatively low sensitivity.

NASA has developed a Tissue-Equivalent Ionization Chamber (TEIC) personal
radiation dosimeter which was flown on the Gemini program and is scheduled for Apollo.
The Nuclear Particle Detection System, also scheduled for Apollo, utilizes a solid state
detector, but presently is not sensitive to electrons and only provides four channels of
spectral data. The scintillator or solid-state detector is suitable for pulse height anal-
ysis in digital format to obtain the energy spectrum of radiation.

Passive dosimeters are either of the film type or are made of silver-activated
phosphate glass. Films are available in at least three response ranges from 10-3 to
103 rad, while a typical glass rod dosimeter covers a range from 10 to 106 rad. Both
types have good stability under widely varying environmental conditions and must be
recovered for data analysis.

The selected approach is to use, as a primary system, a Plastic Scintillation
Dosimeter plus two Tissue-Equivalent Ionization Chambers for telemetry (in near real
time) of the various types and energy levels of radiation encountered during flight.
These are located in the cage. The preferred approach also includes, as a back-up
system, a combination of films plus silver-activated phosphate glass to obtain a post-
flight picture of the total integrated dose received during the entire flight. These film
packs will be installed in the retrieval capsules.

Spacecraft subsystems. — The spacecraft subsystems are described in the follow-
ing paragraphs.

Interrelationship of subsystems: The spacecraft subsystems, i.e., thermal con-
trol, data management, electric power, and attitude control are interrelated to such a
degree that they must be rated as a combined package rather than isolated subsystems.
The optimum spacecraft does not necessarily contain all optimum subsystems since
some subsystem requirements are diametrically opposed to others. Perhaps the best
way to illustrate this fact — is to list a set of optimum spacecraft subsystems.

® Thermal Control — The optimum thermal control subsystem would be a
spinning cylindrical spacecraft with low orbital inclination and its spin
axis normal to the ecliptic. Spinning would reduce the circumferential
skin temperature gradients, tend to provide a more uniform temperature,
and reduce orbital temperature swings. The mean orbital temperature
bandwidth as a result of seasonal variations would be minimized.
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® Data Management — The optimum data management subsystem would require
precise antenna pointing either by controlling the entire spacecraft or having
an articulated antenna which could be pointed accurately regardless of space-
craft orientation. As a further refinement, the antenna should be able to ac-
quire and track ground stations either automatically or upon command.

® Electrical Power — The optimum electrical power subsystem is a sun-oriented
extended solar array. Radioisotope thermoelectric generators are non-optimum
from a cost and handling standpoint.

o Attitude Control — Gravity gradient earth stabilization with control moment
gyro damping or cold gas earth orientation represent two equally optimum at-
titude control subsystems.

Obviously, no one spacecraft can incorporate all these requirements since it would
have earth orientation for attitude control and data management, sun orientation for the
solar arrays, and be spinning for temperature control. The selected spacecraft con-
cept must, therefore, be the best compromise among such alternatives. It is also noted
that the orbital inclination and altitude are subject to variation as AAP plans change.
Therefore, an important goal is to select systems which are as insensitive as possible
to these potential variations.

Before resorting to postulation of an all-encompassing spacecraft concept matrix
which embodies all the subsystem possibilities and then evaluating each concept, it is
instructive to further examine the electrical power and attitude control subsystems
separately.

Electrical power: Two generic types of power sources have been considered for
the OPE: radioisotope thermoelectric generators (RTG's) and solar cells (see Fig. 61).
Three RTG's have been evaluated in light of the OPE power requirements. The two
alpha emitters evaluated were SNAP-27 (a unit that is currently being qualified for NASA)
and SNAP-29 (a higher powered RTG that has recently entered the development phase.)
A beta-emitting fuel was also evaluated. This system was based upon the 250 w RTG
study recently completed by Lockheed for the Atomic Energy Commission.

The thermoelectric generator provides continuous heat to what is essentially the
hot junction of a thermocouple. Heat is rejected from the cold junction by space radia-
tion. Thus, the generated current supplies the load and charges a battery.

The purpose of the battery is to accommodate peak demands and reduce the fuel
requirements to more nearly match the average power consumption. The obvious ad-
vantage of an RTG is its reliability and insensitivity to spacecraft configuration, orienta-
tion, orbit inclination, and shadowing. Cost and radiation hazard represent the more
serious drawbacks to these systems.

Six solar cell array configurations were also evaluated. Various solar array
configurations were postulated for three spacecraft orientation concepts.
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Solar cells derive their energy from the photo-voltaic effect of incident sunlight
on silicon semiconductors. They are sensitive to incident sunlight angle, shadowing,
temperature, and configuration. The array must be sized at approximately twice the
average spacecraft power consumption level so that batteries may be charged to sup-
ply power when the spacecraft is in the earth's shadow. Lower cost and more opera-
tional experience are the two major advantages of solar cell arrays over RTG's.

The evaluation of RTG power subsystems is shown in Table 27. The performance
of the SNAP-27 generator has been based upon recent data published by the General
Electric Company, the prime contractor for SNAP-27. Estimates of weight and volume
for SNAP-29 were based upon preliminary data furnished by Martin Nuclear Division.
The weights and volumes quoted are estimates that include the RTG power source,
batteries, and power conditioning and control equipment. The weights and volumes for
the beta-emitting fuel were based on the 250 w RTG study performed by Lockheed and
also include the weights of the RTG, batteries, power conditioning, and required
shielding.

The high reliability of the RTG is due to the fact that it depends less upon bat-
teries and has more attractive failure mode characteristics. For purposes of com-
parison, the costs of the RTG's were based on the thermal fuel requirements at a cost
of $500/thermal watt for the alpha emitter (Pu238) and $50/thermal watt for the beta
emitter (Sr?0). SNAP-27 is currently undergoing qualification tests; SNAP-29 is in
the preliminary stages of development and could possibly be available by 1970. It is
doubtful that the 250 w Sr90 fueled generator could be available by 1970.

Due to the order of magnitude cost differences between RTG power sources and
solar cell power sources which cannot be effectively contrasted by the rating scheme
employed, no further consideration was given to RTG's for this program.

The evaluation of solar cell power subsystems is shown in Table 28. Calcula-
tion of weight and volume for the six solar array configurations have been based upon
technology and hardware currently available at Lockheed. The numbers shown include
the weights and volumes of the solar array, secondary batteries, and power regulation
and conditioning equipment.

In regard to reliability, the systems were ranked according to the following
rationale:

1. Systems with orientation and deployment mechanisms are less reliable
than those without orientation or deployment systems.

2. Solar array configurations with nearly constant output power are more
reliable than those with large seasonal variations.

3. Systems with both large seasonal or orbital variations in output power
and deployment and tracking mechanisms are least reliable.

Solar cell system costs were determined at the rate of $800/ft2 of solar array.
These figures reflect only the costs of the solar cells and are only a comparative index
of solar power system costs. All solar cell systems considered are operational con-
cepts and are given the highest rating for development status.
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On the basis of this evaluation, a sun-oriented spacecraft with extended array is
the selected subsystem. However, the question of spacecraft orientation remains to be
resolved, therefore, this subsystem cannot be chosen at this point.

Attitude control subsystem: Eight attitude control subsystems were postulated
and are shown in four functional groups in Fig.62 . The concept of spin stabilization
of the spacecraft was not considered due to its inherent induced gravity effect on the
experiment.

Concepts 1 and 2 are gravity gradient systems. The gravity gradient technique
offers a simple and reliable means of attitude control. The natural linearized control

torques for small angle displacements due to mass attraction and gyroscopic effects of
an earth-oriented body are:

= - 2 - - 2
M, tog (L -L)e M, = - 3w (L -1)6

_ 2
M, = - @i (L - L)y

where x, y, z and ¢, 6, ¢ are associated with the roll, pitch, and yaw axes,
respectively. The inertias are sized with booms and mass tips to provide sufficient
control stiffness for overcoming all disturbances. Position control in pitch and roll
is obtained with a dumbbell shape with yaw rate control provided through roll-yaw
coupling. Yaw position control can be obtained with auxiliary booms as illustrated in
Fig. 62,

Damping must be provided to remove oscillatory energy. One technique consid-
ered was the coupling of an auxiliary body to the vehicle via a dissipative joint. A mag-
netic ball damper enclosed in a viscous fluid or an auxiliary boom with a dissipative
(friction) coupling are examples. Inherent in these examples is a relatively low damp-
ing ratio, i.e., 0. 03 typical. The damping ratio is defined as the ratio of actual damp-
ing coefficient to the critical damping coefficient of the vibratory system. It is a meas-
ure of the amount of energy which is absorbed. A small value for the damping ratio
indicates the system will continue oscillation for a long time after excitation. A large
value (=1) indicates the system will come to rest without oscillation.

Another technique considered was the use of control moment gyros (CMG). These
are used in a passive mode and provide damping ratios as high as 0.3. They enable the
use of smaller inertias since many of the disturbances encountered are resonance types
which cannot build up with a high damping ratio. Also, they can provide additional yaw
stiffness and position control by appropriate alignment of their angular momentum
vectors.

Concepts 3, 4, and 8 are cold gas systems. Cold gas offers another reliable and
simple technique for attitude control. In this application, a position sensor (sun or
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horizon) detects attitude errors about two axes. This is used to drive an on/off ampli-
fier with deadzone which in turn opens and closes the appropriate gas valves for that
axis. Derived rate is used for damping. By sizing the deadzone as large as possible
and the thrust level as low as possible, a minimum of control gas is required. In the
case of a sun sensor, a gyroscopic or other type of memory is also required. The
third axis is rate controlled with a rate sensor. Position control is possible but ap-
pears unnecessary for the application. Two earth-oriented cold gas systems were
considered. One allowed a waste water dump of two Ib/day and the other did not allow
any waste water dump.

Concepts 5 and 6 employ 2 momentum sink. The momentum sink technique es-
sentially removes disturbances from the vehicle by internal momentum storage. Its
primary advantage is the ability to handle cyclic disturbances without mass expulsion.
The noncyclic disturbances, however, eventually cause saturation. To prevent this,
an auxiliary cold gas system is required for periodic momentum dumping. The equip-
ment required is identical to that for the cold gas system except for the additional mo-
mentum sinks for all three axes. The weight of the momentum sink equipment tends
to be offset by the reduction in gas requirements. Two types of momentum sinks were
considered: reaction wheels and control moment gyros.

Concept 7 provides rate control only. This system was considered because there
is no absolute position requirement for this spacecraft. Rate sensors are used on all
three axes to drive a cold gas system which utilizes a deadzone on rate to conserve
gas. A great majority of the disturbances vanish for this system since there is no at-
tempt to hold position.

The evaluation of attitude control subsystems is shown in Table 29. Of the eight
systems considered, cold gas rate control was the lightest because its gas require-
ments were low. The gravity gradient system followed closely. Cold gas position con-
trol with a water dump was the heaviest, the penalty being about 260 1b due to dumping
waste water even though a thrust nullifier is used. All systems rated high in regard to
volume since none exceeded 5 ft3.

The cold gas earth-oriented system ranked best in cost because it has inexpensive
components which can be purchased virtually off-the-shelf. The sun-oriented version
requires a more expensive memory and thus costs more. The gravity gradient tech-
niques were more expensive because of the need for damper development in the first
system and cost of off-the-shelf control moment gryos for the second system. The
momentum sink systems costs were high because of the development required and the
inherent expensive nature of their components. The cold gas rate control system cost
more than the earth-oriented cold gas system because of differences in development
required.

Earth-oriented cold gas and gravity gradient with CMG damping ranked best in
terms of development. These cold gas systems have been proven extensively in many
applications. Lockheed has flown its Agena vehicle several times using gravity gradi-
ent control and CMG damping. Gravity gradient with passive damping ranked some-
what lower because of the development uncertainty of an adequate damper.
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The gravity gradient systems were best in terms of reliability because of their
passive nature. For CMG damping, the CMG lifetime is over one year and even a
failure in one CMG merely means the system operates in a somewhat degraded mode.
The cold gas systems ranked somewhat lower in reliability because of their electronic
components and possibility of valve failure. All other systems were even lower be-
cause they all contain a complete auxiliary cold gas system as well as other components.

On the basis of this evaluation, two systems (Concepts 2 and 4) are rated the high-
est. Neither of these concepts is applicable to sun orientation. Once again the actual
selection must be deferred until the interraction of this subsystem with other selected
subsystems can be evaluated.

Spacecraft configurations: Six spacecraft configurations (Fig. 63) were postu-
lated as a result of combining the elements of electric power generation (by solar cells),
attitude control, and thermodynamic control. Each spacecraft configuration was then
analyzed to determine the quantitative effects of system variations, i.e., body mounted
solar cells in one case and extended arrays in another, or an omnidirectional data link
in one case and a unidirectional data link in another.

Spacecraft configuration 1 is a cylinder which is earth-oriented and has body
mounted solar cells on all but the 45-deg sector facing earth and the flat ends. The
cylindrical axis is normal to both the velocity vector and the local earth-vertical. At—
titude control is maintained by either gravity gradient booms with control moment gyro
damping, or by cold gas thrusters without water dump. This configuration has the ad-
vantages of a unidirectional data link and a possibly passive attitude control system,

Spacecraft configuration 2 is essentially a sphere which has been faceted for body-
mounted solar panel installation on all but the earth-oriented facet. Attitude control is
maintained by either gravity gradient booms with control moment gyro damping or cold
gas thrusters without water dump. This configuration has the advantages of spacecraft
configuration 1 plus a smaller seasonal variation in solar array output.

Spacecraft configuration 3 is a cylinder with four solar array paddles extended
outward in mutually perpendicular pairs. Solar cells are applied to both sides of each
paddle. The cylindrical axis is earth-stabilized by either gravity gradient booms with
control moment gyro damping, or by cold gas thrusters without water dump. This con-
figuration has the advantages of spacecraft configuration 1 plus a more efficient elec-
trical power subsystem due to cooler extended solar arrays.

Spacecraft configuration 4 is a cylinder with two articulated solar array paddles.
The cylindrical axis is earth-oriented. The paddles are kept oriented to the sun by
means of a tracking/actuating subsystem. This configuration has all the advantages
of spacecraft configuration 1 plus a more efficient electrical power subsystem due to
cooler extended solar arrays and a limited ability to control solar incidence.

Spacecraft configuration 5 is a cylinder with two extended solar cell paddles
which are oriented to the sun by means of cold gas thrusters without water dump. A
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gyro or other memory provides inertial reference on the night side of the orbit. Addi-
tional antenna and transmitter power is required over that of an earth-oriented space-

craft. This spacecraft configuration has the advantage of an efficient electrical power
subsystem which has absolute control of solar incidence.

Spacecraft configuration 6 is a faceted sphere completely covered with body
mounted solar cells. Spin rates only are controlled by means of cold gas thrusters.
Additional antenna and transmitter power is required as with configuration 5. The
advantage of this configuration is that it can tumble at will. Therefore, the attitude
control fuel requirements will be minimal.

The evaluation of spacecraft configurations is shown in Table 30. The scheme for
rating spacecraft configurations is a minor variation from that used in the other rating
systems. First, weight, power, and volume differences are used instead of absolute
values. Second, actual power-to-weight conversions for each spacecraft are used to
compute equivalent weight. Cost, reliability, and development status reflect a sum-
mation of component systems which compose the spacecraft.

Spacecraft 4 weighed the least, both in actual weight and in equivalent weight.
Spacecraft 5 has the least volume, whereas spacecraft 1 has the most volume. The
reliability ratings assigned to the spacecraft configurations were derived primarily
from the reliability ratings of the electrical and attitude control systems. The relia-
bility rating of the electrical system was given twice the weight of the attitude control
system in the configurations where attitude control is not crucial to power generation.

Cost is determined by summing the various system costs. Spacecraft 5 has low
cost mainly because of its low solar cell cost and low attitude control system cost.
Spacecraft development status ratings are equivalent to the development status rating
of the least developed spacecraft system.

The selected concept is spacecraft configuration 5. It has low weight, cost, and
volume. Reliability and development ratings for this concept do not reflect any signi-
ficant problems in reaching the required mission reliability or in meeting the 1970
flight date.

On the basis of this evaluation, the attitude control and electrical power subsys-
tems selected are (1) cold gas without water dump (sun-oriented) for attitude control
and (2) extended solar array (sun-oriented) for electrical power.
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PAYLOAD SYSTEM DESCRIPTION

This section presents the preliminary design description of all payload sub-
systems. In order to conform to NASA Publications Manual, SP7013, all drawings
have been reduced to report-size pages. For all payload equipment, full-size drawings
have been submitted separately as part of the Data Package required by the contract.
Where design detail is lacking due to the reduced size of the drawings in this report,
the Data Package should be consulted. The major portion of the payload subsystems
are shown in the inboard profile of Fig. 64. The following sections describe the ther-
mal and atmosphere control, metabolic support, life cell, special equipment and data
management subsystems.

Thermal and Atmosphere Control

The integrated thermal and atmosphere control system is capable of providing
suitable environmental conditions for the primatcs and for on-board equipment. It
provides this support under the varying conditions imposed by the mission environment
and duration. Environmental conditions maintained are summarized in the Require-
ments section of this report.

The subsystem is shown schematically in Fig. 65, with components identified in
Table 31. It is designed to perform the functions of oxygen and nitrogen makeup,
carbon dioxide and trace contaminant removal, humidity, temperature and pressure
control, and atmosphere circulation. The subsystem consists of: (1) gas supply
system, including storage and partial pressure control; (2) atmosphere recirculation
and revitalization system including fans, condensing heat exchanger, carbon dioxide
and trace contaminant removal systems; and, (3) thermal control system, including
pumps, accumulator, cold plates, and radiator system.

A review was made of Apollo and Gemini existing hardware with a view to using
as much of the existing hardware as possible. It was determined that for dynamic
components such as compressors, pumps and fans, the existing hardware is generally
over-capacity for the requirements of this system. Lesser components such as valves,
transducers, regulators, disconnects, could be used either directly or with modification.

Gas supply system. — The life cell atmosphere is maintained at 14.7 psia total
pressure with an oxygen partial pressure of 18 to 30 percent of 14.7 psia and the balance
made up of nitrogen, carbon dioxide, water vapor and trace gases. The system has the
capability for three modes of regulation and delivery: (1) an oxygen partial pressure
sensor control, (2) an adjustable flow fixed-bleed control, and (3) a 5.0 psi pure oxygen
mode for emergency operation. Each gas is regulated from its storage pressure (oxy-
gen 4500 psia, nitrogen 3900 psia) to a lower working pressure of nominally 100 psia.
The subsequent flow control devices and regulators further reduce this pressure to that
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LIFECELL EQUIPMENT INDEX

Ident No. of

System No. Component Units
Environmental Control 16 | Regulator — 5 psi, Og 1
System 17 | Regulator — Total Pressure, Og 1
Componentg Denoted by { 18 Assembly — Flow Control, Og 1
@ 19 | Regulator — Total Pressure, Ng 1
20 | Assembly — Flow Control, Adjustable, N2 1
21 Flow Meter — Coolant 2
22 | Valve — Solenoid, Ogy 1
23 | Valve - Control, 02, 1
24 | Module — Coolant Pump Package 1
25 Sensor — Pressure, Pump Outlet 1
26 | Sensor — Temperature, Coolant Fluid 1
27 | Condensate Heat Exchanger 2
28 | Assembly — Orifice, Flow Balancing 2
34 | Accumulator — Coolant 1
35 | Filter — Coolant 1
36 | Canister — LiOH, Charcoal and Catalyst 4
37 Water Separator 2
38 Check Valve — Water 2
39 | Assembly — Bypass Temperature Control 2
40 Fan — Low Flow Loop 4
41 Check Valve — Fan, Low Flow Loop 4
42 Check Valve —~ Fan, High Flow Loop 4
43 Sensor — Temperature, Cabin Inlet Atmospherej 2
45 | Sensor — Differential Pressure, Low Flow Fan 2
46 | Sensor - Differential Pressure, High Flow Fan| 2
47 Fan — High Flow Loop 4

48 | Sensor — Differential Pressure, Water

Separator 2
55 | Sensor — Low Pressure, No 1
56 Sensor — Temperature, Heat Exchanger Outlet 2
57 Sensor — Temperature, Low Flow Fan 4
58 | Sensor — Temperature, High Flow Fan 4
59 Fan — Enclosure Purge 2
60 | Sensor — Temperature, LiOH Bed Outlet 2
61 Control Valve — Water Separator 2
62 Sensor — Temperature, Animal Enclosure 2
63 | Check Valve — Integrated Sensor 2
64 | Integrated Sensor —O,, COg, HgO, Ng 2
66 | Check Valve — Purge Fan 2
70 | Sensor — RPM, Low Flow Fan 4
71 | Sensor — RPM, High Flow Fan 4
72 Port — Cage Atmosphere Sensor 2
Electronic and Electrical] 1 | Behavioral Panel — Lever and Light Assembly 2
Components —Denoted by | 2 Control Unit — Behavioral Panel 2
3 Near — Field Receivers, Biodata 2
4 | Dosimeter — Ratiation 1
5 Dosimeter — Tissue Equivalent 2
6 | Amplifier — Audio System 1
7 Television Camera — Fixed Optics 2
8 | Television Camera — Scanning Optics 2
9 | Pickup Coil - High Impedence 4
10 | Antenna — Near Field Receivers 2
11 | Activity Counter — Implanted Magnet 2
12 | Register — 16-Bit Storage 1
13 | Temperature Bridges 1
14 | Power Distribution Panel 1
Drinking Water Supply 9 | Aliquot Accumulator 4
System. Components 10 | Solenoid Valve 4
Denoted by 11 | Bacteria Filter 2

AN
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TABLE 31

THERMAL AND ATMOSPHERE CONTROL SUBSYSTEM COMPONENTS

Iftem No. Description
1 Tank, Gaseous Oxygen
2 Tank, Gaseous Nitrogen
3 Coupling, Qo Disconnect, Filler
4 Coupling, N2 Disconnect, Filler
5 Assembly, Regulator, and Relief Valve, Og
6 Assembly, Regulator, and Relief Valve, N2
7 Assembly, Valve, Manual Remote Command Shutoff, Low
Pressure
8 Sensor, Temperature, Gas Supply
9 Sensor, Pressure, Gas Supply, O2
10 Assembly, Regulator, Low Pressure, Ng
11 Assembly, Flowmeter, O2
12 Assembly, Flowmeter Ng
13 Assembly, Flow Limiter, Og
14 Assembly, Flow Limiter, No
15 Assembly, Flow Limiter, N2
16 Assembly, Regulator, 5 psi, Og
17 Assembly, Regulator, Total Pressure, Og
18 Assembly, Flow Control, Og
19 Assembly, Flow Control, Adjustable, Ng
20 Assembly Flow Control, Adjustable, Ng
21 Assembly, Flowmeter Coolant
22 Assembly, Valve, Solenoid, Oy
23 Assembly, Valve, Control, O2 Ng
24 Module, Coolant Pump Package
25 Sensor, Pressure, Pump Outlet
26 Sensor, Temperature, Coolant, Fluid
29 Assembly, Compensate Heat Exchanger
28 Assembly, Orifice, Flow Balancing
29 Goldplate, Battery
30 Assembly, Radiator
31 Assembly, Vernatherm Bypass
32 Assembly, Heat Exchanger Ground Cooling
33 Coupling, Freon Disconnect
34 Accumulator, Coolant
35 Assembly, Filter, Coolant
36 Assembly, Canister, LiOh, Charcoal and Catalyst
37 Assembly, Water Separator
38 Valve, Water, Check
39 Assembly, Bypass Temperature Control
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TABLE 31 (Cont,)

Item No.

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
()

Description

Assembly, Fan, Low Flow

Valve, Check, Low Flow Fan

Valve, Check, High Flow Fan

Sensor, Temperature, Cadin Inlet Atmosphere
Assembly, Valve, Vent, Outflow, Manual/Remote Command
Sensor, Differential Pressure, Low Flow Fan
Sensor, Differential Pressure, High Flow Fan
Assembly, Fan, High Flow

Sensor, Differential Pressure, Water Separator
Assembly, Relief Valve, Cabin Pressure
Fitting, Cell Purge, Inlet

Fitting, Cell Purge, Outlet

Coupling, Coolant Disconnect, Servicing, Inlet
Coupling, Coolant Disconnect, Servicing, Outlet
Coupling N9 Disconnect, Low Pressure

Sensor, Low Pressure, Ny

Sensor, Temperature, Outlet, Heat Exchanger
Sensor, Temperature, Fan, Low Flow

Sensor, Temperature, Fan, High Flow
Assembly, Fan, Enclosure Purge

Sensor, Temperature, Bed Outlet, Low Flow
Assembly, Valve, Solenoid, Water Separator
Sensor, Temperature, Life Cell

Valve, Check, Integrated Sensor

Sensor, Integrated, POy, PCOy PNy

Assembly, Valve, Manual Shutoff, High Pressure
Valve, Check, Cell, Purge Fan

Sensor Temperature, Heater, Radiator Control
Heater, Radiator Control

Assembly, Valve, Isolation, No

Sensor, RPM, Low Flow Fan

Sensor, RPM, High Flow Fan

Port, Sensor, Gas Sampling

Sensor, Pressure Gas Supply, No

Valve, Check, High Pressure, No

Valve, Check, High Pressure, Og

Assembly, Regulator, Low Pressure, Oxygen
Assembly, Flow Limiter, Og
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required for cell and other system control. The nitrogen system also supplies the
pressure required for the coolant accumulator, water supply and preservative systems.
This source is taken downstream of the 100 psi regulator and is further reduced to a
nominal 35 psia. A similar regulated supply is available from the oxygen system.
Shutoff valves are incorporated to allow servicing of the gas systems without actuation
of cabin regulators. Flowmeters are incorporated in the supply lines to detect gas
flow rates to the cabin. The systems also have flow limiters installed to restrict

flows in the event of a failure which might tend to rapidly deplete the gas supplies.

High pressure gas disconnects allow servicing of the tanks.

A spacecraft maximum allowable leakage rate of 0.3 1b/day is assumed for the
purpose of sizing oxygen and nitrogen quantities. It is believed that this value is
achievable and is consistent with leakage rates experienced on other spacecraft.

The nitrogen supply tanks are cross-connected to the supply for the attitude
control system. An isolation valve (normally closed) is installed in the crossover
line. Periodically throughout the mission the valve is opened to allow pressures be-
tween the systems to equalize, thereby eliminating excursion of the c.g. which could be
caused by differences in tank gas quantities between the systems. The valve is con-
trolled by remote command. In the event of a gross failure in either system, the
valve will be closed, thereby isolating the failure.

A pressure relief valve is installed to prevent over-pressurization of the space-
craft. A vent valve is incorporated to provide depressurization of the lifecell either
during prelaunch operations or prior to orbital removal of the retrieval canisters. The
valve has manual control and remote command capability.

Oxygen partial pressure sensor control: This is the primary mode of operation
and utilizes nitrogen to maintain a 14. 7 psia total cell pressure. Oxygen partial
pressure is sensed and oxygen supplied through a solenoid valve in response to the
control signal caused by reduction in oxygen partial pressure to a value of 3. 25 psia.
This system responds to variations resulting from either leakage or changes in meta-
bolic rate and maintains 3.5 +0.85 psia oxygen partial pressure. The oxygen sensor
used will be an ultraviolet spectrophotometer similar to the unit currently under
development for NASA Langley Research Center by Perkin-Elmer.

Fixed bleed with adjustable flow control: In this mode of operation, oxygen is
used to maintain the 14,7 psia total cell pressure. Nitrogen is supplied through the
adjustable flow control valve. During the initial period of the flight the partial oxygen
sensor detects cell oxygen partial pressure. The nitrogen supply rate can be adjusted,
through ground command, until the desired 3. 5 psia nominal oxygen partial pressure
is achieved. This adjustment can be made periodically if the oxygen partial pressure
sensor remains operable. The bleed system responds directly to variations in oxygen
consumption caused by changes in metabolic rates, and will maintain the desired
oxygen concentration as long as cabin leakage remains constant. Figure 66 shows how
the oxygen concentration varies with leak rate. This method will be used as the primary
back up for the oxygen partial pressure sensor control method. It is maintained within
adjustment by periodic operation and a check of the resulting oxygen partial pressure.
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Low pressure oxygen control (5.0 psi): The capability is also provided to revert
to a 5.0 psia pure oxygen system through ground command in the event of failure of the
two-gas system. In this mode, oxygen is supplied to maintain cell pressure through the
5.0 psi total pressure regulator. Cabin oxygen enrichment will be accomplished prior
to depressurization to 5 psia to prevent animal anoxia.

Atmosphere recirculation and revitalization. — Atmosphere recirculation and revi-
talization maintains cell nominal conditions of 75°F temperature and 50 percent rela-
tive humidity. The system is designed to maintain a volumetric flow of 424 cfm through
both cages which provides a velocity within each cage of 30 ft/min to carry waste mate-
rials into the waste management system. Exiting from the waste management system,
the flow divides into two main branches. These branches are further divided into high
and low volumetric flow paths.

The gas in the high flow loop is not processed but is circulated to maintain waste
removal. Circulation is effected by the high flow fans located in the header covering the
animal cages. One high flow fan over each enclosure is running continuously and each
fan is capable of producing a volumetric flow of 200cfm at 0.1 in. HoOAP. The 200 cfm
flow for both cages (400 cfm total) is circulated from the waste management system
through the four ducts, one located on each side of each animal enclosure, into the
enclosure header, through the fans, down the life cell and back to the waste manage-
ment system. Reverse flow due to fan failure is prevented by incorporation of low

pressure drop check valves. An additional fan over each cage is provided for
redundancy.

One purge fan is installed over each enclosure to aid in the transport of waste
material to the waste management system. These fans are capable of producing
2000 cfm. Each fan is operated for a period not exceeding 5 min., twice a day. The
purge fans are not operated simultaneously. These fans are provided with a counter
rotating mass to nullify angular momentum changes.

The 200 and 2000 cfm flows utilize the same ducting. The ducting was sized to
provide minimum pressure drop for the 2000 cfm flow. Calculations indicate duct,
entrance, and exitlosses to be 0.150 in. of water for this flow rate exclusive of the
check valve. Design of the check valve to afford a pressure drop equal to or less
than 0.05 in. of water will maintain pressure drop losses less than 0.2 in. of water.
An alternate approach would be to locate the check valve on the outlet side of the fan
thereby reducing area losses while also providing some diffusing action into the cage.
The duct pressure losses for the 200 ¢fm fans are calculated at 0.0015 in. of water.

The atmosphere in the low flow loop carries moisture from animal respiration,
perspiration and from vaporization of moisture from urine and fecal material in the
waste management system. The flow passes through the trace contaminant and carbon
dioxide removal canisters, through the condensing heat exchanger and water separator
assembly, temperature control valve, fan assembly and into a header which supplies
flow to each animal enclosure. The low-flow gas mixes with the high flow gasnear the
inlet to the cage, producing the desired cage temperature. The cell mixed inlet tem-
perature is sensed and used to actuate the temperature bypass control that controls the
flow around the condensing heat exchanger. The total process flow through the cage is
provided by the fans in each low flow path. A second fan is provided in each path
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for redundancy. In the event one low flow path fails entirely, maximum flow will be
directed through the active heat exchanger maintaining both thermal and humidity con-
trol for both cages within the design limits. The crossover ducting between both lithi-
um hydroxide canisters permits gas to be drawn through both canisters when only one
low flow path is active. There is no flow in this duct under normal conditions when
fans in both paths are active. The low flow fans run continuously and each fan is capa-
ble of producing a volumetric flow of 12 c¢fm at 3.5 in. HoOAP.

Pressure loss calculations for the flow rates and duct sizes of the system indi-

cate a total drop in the low flow loop of 2.17 in. of water. The losses are estimated as
listed below:

Section AP (in. H20)
Waste Management (12 cfm) 0.009
Lithium Hydroxide Canisters (12 cfm) 1.223
Heat Exchanger (7.8 cfm) 0.89
Water Separator (7.8 cfm) 0.042
Ducting Losses 0.01
Total 2.17

The two low flow and two high flow fans which are operating continuously also con-
tribute to gyroscopic stiffness as required by the attitude control system. All fans are
installed with axes parallel and rotate in the same direction. Reverse flow due to fan
failure is prevented by incorporation of low-pressure—-drop check valves.

Gas composition is sampled from a location approximately midway down the cell
enclosures, and analyzed by integrated instrumentation sensors. The low flow is drawn
through the sensors by the low flow fans.

Contact was made with Rotron, Joy and Torrington fan manufacturers to deter-
mine the feasibility of fan selections and capability of meeting the mission requirements.
LMSC was advised that the 12 ¢fm and 200 cfm fans similar to those selected for this
mission (Radial Blower Model R Type 3501 and Tubeaxial Propimax 3) are built to
military specifications and have exceeded 10,000 hours of operating life in other
applications.

Carbon dioxide removal: Lithium hydroxide (LiOH)* is provided to maintain the
life cell carbon dioxide partial pressure below the 1 percent maximum limit. Each
animal is estimated to produce 0.335 1b of carbon dioxide per day at an average meta-
bolic rate of 1.5 basal.

*Lithium hydroxide — Anhydrous, environmental grade
6 x 8 granules

Type I
Foote Mineral Company
Route 100, Exton, Pennsylvania
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The weight of lithium hydroxide required to remove the carbon dioxide produced
is found as follows:

W(COy)
W (LiOH) = —

where

W (LiOH) = Weight of lithium hydroxide (1b)

W(CO,) = Weight of carbon dioxide produced (Ib)

K = Lithium hydroxide adsorption capacity (Ib COy/1b LiOH)
= 0.892 (97 percent of K theoretical = 0.92)

W (LiOH) = 0.335) B79) _ 145 Ip/animal

0.892

The total weight of lithium hydroxide required to remove carbon dioxide fromthe
atmosphere for the total mission duration and including a 10 percent margin is 312 1b.
The quantity is divided between each of the two low flow paths. Suitable filter media is
provided to prevent LiOH dust from entering the life cell atmosphere. Figure 67 pre-
sents the LiOH requirements. The adequacy of the flow rate through the bed is next
determined from

m = F n,.C; (Ref. 10)

or
G = Fn:?r
where
m = Contaminant production rate (0. 67 1b/day for two animals)
F = Volumetric flow rate (24 ft3/ min or 34,600 £#t3/ day)
N, = Removal efficiency (assumed as 0.5 as an easily achievable design)
C. = Contaminant concentration (1b/ft3)

1

The maximum allowable concentration is 1 percent of 14.7 psi = 0.147 psia or
9(10'4) 1b/ft3. Solving for the contaminant concentration (C;) from the above
equation

Cj = 0.39 (10—4) 1b/f’c3 which is much less than the allowable concentration.
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Trace contaminant removal: The principal trace contaminants of concern are
methane, ammonia and carbon monoxide. The hazard of combustion from methane
buildup in the lifecell is eliminated by normal overboard leakage. This minimum
leakage value is determined as follows:

Allowable methane equilibrium concentration = 4.6 percent (Ref. 11).

Methane production of the Rhesus is based upon a conserative estimate of fecal
output equal to 50 percent of foodintake. At 1.5 BMR thefecal output willbe 112 gm/day
total. Data available from chimpanzee tests (Ref. 12) gshow a methane production of

221 x 1075 1b CH4/day for a daily fecal output of 140 gm/day. The Rhesus methane
production rate is therefore

112/140 x 221 X 10™° or 177 x 1072 Ib CH,/day.

The flow rate required to limit methane concentration is determined by rearrang-
ing the same equation previously defined for carbon dioxide removal. In this case,how-
ever, since the quantity of methane being leaked overboard is the total concentration in
the mixture, the removal efficiency (n,) will be 1.0.

or

The allowable contaminant concentration is:

c. = P _ (0.046) (14.7) (144)
i RT (96.4) (535)

= 0.00187 1b/ft>

-3
F = 2000 2) - 0948 3 /day
1.887 (1073)

For a mixture density of 0. 0732 lb/ft3 the mass flow rate (th) is:

m = (0.948) (0.0732) = 0.069 lb/day
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Ammonia (NH,) and a variety of other contaminants will be eliminated by chemi-
cally treated charcoal and overboard leakage. The charcoal,* acting as a substrate for
the impregnation of phosphoric acid (H,PO,) for ammonia removal, will also remove a
substantial quantity of other trace contaminants. It is assumed that the quantity needed
for ammonia will suffice for the other contaminants.

It is estimated that the two animals will produce 0.5 gm/day of ammonia (Ref. 13)
and that urea breakdown in the urine wicks will contribute another 1.5 gm/day. For a
mission of 365 days and a launch pad operation of 14 days, a total of 758 grams of am-
monia will be generated. The theoretical capacity of the treated charcoal for ammonia
removal is 0. 025 gm NH3/gm charcoal (Ref. 10).

758
0,025

Charcoal required = = 30,300 gm or 66.8 1b

Using a factor of 0.8 for maximum allowable absorption, the quantity of charcoal

required is %6'88 83.4 1b.

A 10 percent contingency margin brings the value to 92 1b required for the mis-
sion. This quantity is divided between each of the low flow paths.

The adequacy of the flow rate through the bed is next determined from

h
Ci = Fa
where
m = 2 gm/day or 4.42 (10_3) 1b/day
F = 24 ft3 /min or 34,600 ft3 /day

Np = 0.60 (assumed as an achievable design value)

The TLV allowable concentration is 3.5 Mg/M® or 2.185 (10™7) 1b/ft3. Solving
for the contaminant concentration (Ci) from the above equation;

Ci = 2,13 (10'7) lb/ft3 which is much less than the allowable concentration.

Carbon monoxide will be removed by passing a portion of the process flow through
a low temperature catalytic oxidizer (as contrasted with the high-temperature catalytic
oxidizer eliminated in the trade-off studies) which uses a 0.5 percent Pd on alumira
catalyst which is commercially available. The flowrate through the oxidizer must pro-
duce a space velocity low enough to permit sufficient residence time for the chemical

*Barneby-Cheney Charcoal (activated) — 4 X 10 mesh — Type BD-1
1534 North Knolles, Los Angeles 63, California — Impregnated with
phosphoric aicd per LMSC-R-66888
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reaction to take place. Approximately 2000 hr_1 is desirable for this reaction. Space
velocity (¢) and flow rate (F) are related as follows:

¢ = 2 hr! ®ef. 10)

Ve
where
V = volume (ft3)
e = void fraction (0.5)
__F _ -1
1/ TV 2000 hr
F _ -1
V- 1000 hr

The carbon monoxide production rate (m) is estimated at 0.40 cc/hr or
10.1 (10‘7) Ib/hr (Ref. 13). The TLV allowable concentration is 29 Mg/ M3 or
1.81 (10-6) Ib/ft3.

The removal efficiency (nr) is assumed to be 0.08. The flow rate through the
oxidizer is then found

_ 10.1 (1071
nrCi 0.08 (1.81)(1076)

= 7 £ /hr

or 0.1165 ft°/min

The required oxidizer volume is now determined

-1

v hr = 0.007 ft5

S =
1000 1000

or 12.1 in.3 total.

It has been found, however, on past tests (Ref. 14) that for a volume of 9.4 in.3 at
0.25 cfm the oxidizer becomes poisoned by contaminants in approximately 30 days. The
volume required must therefore be increased by a factor of -%Q = 12.6. The catalytic
oxidizer volume is 153 in.3 and is divided evenly in the LiOH canisters (4). The flow
rate is also divided to maintain the proportionality and is therefore 0.025 £t3/min
through each oxidizer.

Humidity control: The relative humidity within the lifecell is maintained at a
nominal value of 50 percent by condensing water vapor from the gas flowing through
the condensing heat exchanger. The coolant temperature circulating through the heat
exchanger provides a dew point temperature of 51°F.
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The condensate water extracted from the airstream by the heat exchanger is col-
lected by the water separator and transported to external water storage tanks by a
5.0 psi differential pressure between the gas side of the separator and the storage
system.

The water separator is designed passively using hydrophobic and hydrophilic
materials to separate the water from the passing gas. The collected liquid is passed
through a microporous filter by the differential pressure. This item is currently
being developed by LMSC for NASA, Langley Research Center.

Thermal control. — Thermal conditions are maintained by an active coolant sys-
tem utilizing a 62-38 percent glycol-water solution circulated by a pump. The fluid is
circulated through the condensing counterflow heat exchanger where it condenses water
vapor from the circulating gas and accomplishes necessary cooling. The heat exchanger
is of plate fin construction and most likely constructed of steel. The heated coolant is
then routed to the battery cold plate where during normal operation, it receives addi-
tional heat. The fluid is then directed to the radiator where the excess heat is rejected
to space. A thermally-actuated bypass valve controls the radiator outlet temperature
to maintain a constant 45°F. The coolant is then circulated through a pressurized accu-
mulator which: (1) acts as a "cold sink' during launch and early flight phases, (2) pro-
vides for thermal expansion, (3) acts as a reservoir for leakage makeup, (4) maintains
minimum pump inlet pressure to prevent pump cavitation, and, (5) damps out pump
surges. The coolant lines entering the lifecell from the radiator and proceeding to the
accumulator, pump package, and heat exchanger are below lifecell dew point tempera-
ture and are insulated to prevent condensation. All equipment between these points
including heat exchangers, water separator assemblies, flow meters, pump package
and accumulator, are also insulated. In the event the radiator outlet temperature
approaches the minimum allowable design temperature for the coolant (-45°F), the
outlet temperature sensor will actuate the electrical heater on the inlet side of the
radiator. Coolant servicing disconnects are located in a place readily accessible for.
ground servicing. Table 32a presents the method of temperature control for each phase
of the mission. A summary of lifecell thermal loads are also listed in Table 32b.

The system heat and moisture balance for various conditions are shown in
Figs. 68 through 73 . The calculated average loss by cell heat leak is 15 Btu/hr.
A condition of minimum load, a heat leak 10 times average is shown in Fig. 72.

Expendable requirements. — A tabulation of expendable requirements is given in
the following table. A 10 percent contingency margin is included. Figure 67 shows the
lithium hydroxide requirement. Other expendables (food, water and metabolic oxygen)
were discussed in Design Criteria and System Requirements section. The gas quan-
tities listed below include metabolic oxygen requirements and an overboard leakage rate
of 0.3 lb/day. Expendable quantites for two 13-1b Rhesus monkeys are:*

Oxygen (1b): 246 Lithium hydroxide (lb): 312
Nitrogen (1b): 95 Charcoal (1b): 92

CO catalyst (in3): 153

*379-day normal mission, plus 10 percent contingency
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TABLE 32a TEMPERATURE CONTROL METHOD VS. MISSION PHASE .

Temperature Control Method

Mission Phase Cooling Heating
Prelaunch Evaporative Heat Internal Equipment and Animal
Exchanger Utilizing Metabolic Input

Ground Freon Supply

Initial Transient Cold Sink Fluid Within Internal Equipment and Animal
Accumulator Metabolic Input
Orbit Condition Active Circulation of Water Internal Equipment and Animal

Glycol Solution with Radiant Metabolic Input
Heat Rejection

Recovery Animals in Retrieval Metabolic Input
Canisters, Passively Cooled
by Command Module
Atmosphere

TABLE 32b LIFECELL THERMAL LCADS SUMMARY

Average Minimum
Heat Loads (Btu/hr) {Btu/hr)
Sensible
Animals 120 70
Lights 48 -
Psychomotor _75 5
243 125
Fans 157 157
LiOH Bed _20 12
177 169
420 294
Latent
Animals 24 14
LiOH Bed 10 6
Urine 62 62
6 82
Total Removed by
Condensate Heat
Exchanger 516 376
Pump 51 51
Battery Coldplate 218 41
Radiator T
*Heat Rejection 785 Btu/hr 468 Btu/hr

* Based on adiabatic wall conditions. Anticipated heat leak from the lifecell will reduce
radiator rejection requirements. See thermal balance diagrams.
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Metabolic Support

The metabolic support subsystem comprises food, water, waste management, and
living enclosure or cage. Design details in these areas are presented in the following
paragraphs.

Feeder and food supply subsystem. — As described in the tradeoff analysis dis-
cussion of the feeder, solid food requirements for each animal throughout the experi-
ment will be met by a supply of pellets which will be dispensed on a task reward basis
or by an over-riding ground command.

The food supply system is divided into two separate units, one serving each ani-
mal. Each unit consists of a storage container and an actuator system, located within
the lifecell as shown in Fig. 64. An oral dispensing device protrudes inside the wall
of the animal enclosure and delivers pellets directly into the animal' s mouth. Pellets
are approximately spherical in shape and about 0.5 inch in diameter. The arrangement
of the storage container, delivery system and oral dispenser is shown in Fig. 74.

This configuration has been developed from a principle employed successfully in
earlier experiments.

The possibility of the pellets becoming jammed together in the cylinder has been
recognized as a potential problem area. Therefore, in order to circumvent suchaprob-
lem, a feature is incorporated whereby a slow undulating rotary motion is imparted to
the stored pellets.

The storage container is cylindrical in shape, 14 inches diameter by 30 inches
long. It is made up of welded 6061 aluminum alloy sheet material with end structure
machined from plate. The lower end of the cylinder is closed by a rotating plate with
40 receptacles equally spaced around the periphery. Each receptacle is sized to
receive one pellet so that as the plate rotates, 9 deg each feeding cycle, pellets are
collected from the container and carried around to the area of the dispensing unit.
This sequence, which in effect gives each receptacle 39 chances to collect a pellet
before it reaches the oral dispenser, greatly enhances the reliability of the system.

A piston in the upper part of the cylinder, acting under the force of a constant
tension spring device, directs the pellets down toward the receptacle plate. Thepiston
is connected to the receptacle plate by a cruciform section shaft upon which it slides,
so that the two rotate together. Matching cam surfaces on both the piston and the
receptacle plate impart vertical motion to the pellets as the system rotates. An annu-
lar ring of rubber '"paddles' around the lower part of the cylinder overcomes any ten-
dency for minor pellet jams to develop locally in the area of the receptacle plate.

Having reached the appropriate position, the pellet is transferred from the recep-
tacle plate to the oral dispenser by means of a lever connected to the main actuator unit
which is located axially below the food cylinder. The dispensing unit is so arranged that
when the animal grasps the mouthpiece with its jaws, a microswitch is activated, caus-
ing a solenoid operated cam to slide across, ejecting the pellet directly into the animal's
mouth. With such an arrangement, the possibility of the animal rejecting or otherwise
wasting the pellet is minimized.
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In view of the large number of feeding cycles involved over the duration of the
experiment, special attention has been paid to ensuring the maximum reliability for
this unit. The number of electrical components has been held to a minimum. In the
oral dispenser two activating microswitches are provided, either of which will com-
plete the actuator circuit, and the ejector cam is provided with a redundant solenoid
system. The main actuator system which rotates the receptacle plate, and also oper-
ates the lever fo transfer the pellet to the oral dispenser, is driven by a single elec-
tric motor, with a second motor providing the necessary degree of redundancy. This
system is based on a simple ratchet type escapement with sufficient space available
to permit comparatively rugged components, thus avoiding the degradation of reli-
ability which frequently accompanies delicate mechanisms.

In addition to these features, it is possible that the reliability of the overall
feeder system could be enhanced further by incorporating a second oral dispenser
into the design of each feeder unit. In this way either feeder would have the capa-
bility of serving both cages for a reduced period of time. Additional animal train-
ing would probably be required, however, since the secondary dispenser, which would
only be used in an emergency, would be located away from the food/water/behavioral
panel cluster to which the animal would have become accustomed. If it can be ascer-
tained that such training is feasible, then this added redundancy feature could readily
be incorporated into the existing design.

Also affecting the overall reliability of the system are two unknown factors
associated with the pellets.

In the current pellet configuration there is a cylindrical ridge around the basi-
cally spherical pellet. This may well aggravate any tendency which the pellets mayhave
to jam together when stored over an extended period. The other potential problem area
is the surface of the pellet which may be prone to abrasion as a result of the agitation
of the pellets in the storage canister. It is also possible that some surface deteriora-
tion may take place due to contact with the environment of the lifecell over an extended
period. Consequently, it is anticipated that the food pellets will have to be manufactured
without the cylindrical ridge and be provided with an edible protective coating to resist
abrasion and/or oxidation throughout the duration of the mission.

The proposed method of supplying food in the form of low moisture content pellets
does not present any undue microbiological problems. The moisture content of the pel-
lets is below the levels required for cell growth. Therefore, if the conditions for pellet
storage are such that this low moisture level is maintained, any microbial contamina-
tion of the food would be unable to develop growth. If a problem of moisture control
should develop, then it appears feasible, based upon current food technology, to incor-
porate in the pellets preservatives and/or hydrophobic coatings which would prevent
microbial growth.
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Drinking water subsystem. — The drinking water supply is contained in two
hydropneumatic accumulator tanks with a hydraulic or water reservoir capacity of
386 1b of water in each tank, giving a total supply quantity of 772 1b of drinking water.
This quantity was determined on the basis of the total requirements for two 13-1b
Rhesus monkeys. The water reservoir side of each tank is separated from the pneu-
matic side by a flexible, impermeable water-gas separation member. Water expulsion
pressurant is either oxygen or nitrogen gas at a regulated pressure of 35 psia and is
supplied from the integrated thermal and atmosphere control system, as shown in
Fig. 75. The drinking water is transferred to the dispensing part of the subsystem
located inside the life cell through a 2-way 2-position normally-open latching and un-
latching solenoid valve and a self-sealing through-bulkhead fitting located in the outlet
lines from each tank. A self-sealing disconnect fitting is plumbed into the outlet line
of each tank to provide a means of filling the tanks with water during the checkout
sequence. The drinking water storage tanks are mounted on the outside of the life-
cell, one diametrically opposite the other to account for spacecraft center of gravity
considerations. One tank is mounted with the water reservoir outlet at the top of the
tank, and the other tank with the outlet at the bottom. This arrangement results in no
change in the c.g. on the vertical axis as the water is used from each tank. A 2-way
2-position normally-closed solenoid valve with a latch and solenoid unlatch is located
in a line that connects the outlet lines of the accumulator tanks downstream from the
previously noted solenoid valves. This cross-feed line and valve arrangement permits
either tank to supply water to either water dispensing system. These valves are actu-
ated by command only as required in the event of unequal usage from one tank or the
other (as indicated from measured water delivery) to prevent or correct any shift in
the spacecraft center of gravity. Drinking water dispensers are provided for each
animal as shown in the system schematic. Each dispenser consists of an aliquot
accumulator, a solenoid valve, a filter, a mouth device with redundant lip switches,
and a flow sensor. Redundant aliquot accumulators and solenoid valves are provided in
each dispenser due to the high actuation rate (over 100 actuations every 24 hours)neces-
sary to provide the animals' daily water requirement.

All of the components used in the dispenser are located inside the lifecell and
outside the animal cages as shown in Figs. 64a and 64b. The mouth device protrudes
through the cage wall above the psychomotor task panel and is accessible to the animal
from the inside of the cage as shown in Fig. 74,

The drinking water supply is plumbed from the self-sealing through-bulkhead
fittings to the inlet port of the 3-way 2-position solenoid valves. The aliquot accumu-
lators are plumbed to the return port of these same valves thus permitting the accumu-
lators to be charged from the supply tanks at all times other than when the solenoid
valve is actuated. The aliquot accumulator is a spring-loaded positive displacement
device with an adjustable capacity of 1.5 to 2.5 cc and has sufficient force when charged
to deliver the entire aliquot through a 0.45 u filter with a minimum area of 3.0 cm?2 at
a flow rate of 2.0 ce/sec. The aliquot accumulator incorporates a linear transducer
that permits monitoring of the quantity of water discharged during delivery to the
animal since the water is discharged from the aliquot accumulator only when the sole-
noidvalve is energized by the mouth device lip switch., The outletof the 3-way 2-position
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solenoid permits the water to be directed through the filter to the mouth device when
the valve is actuated. The flow sensor, located in the mouth device, permits monitor-
ing and gives verification of delivery of water to the animal from the aliquot accumu-
lator. The 0.45 p filter is provided to prevent contamination of the delivery and supply
subsystem due to the animal blowing or otherwise forcing food particles, etc. upstream
rather than drinking the water.

The actuation of the solenoid valve, resulting in delivery of drinking water to the
primate, is dependent on the behavioral programmer enabling the electrical circuit so
that closing of the lip switch on the mouth device will deliver current to the valve sole-
noid. Normally the delivery of water to the primate depends upon successful completion
of tasks at the behavioral panel; however, an overriding ground command may enable the
delivery circuit at any time. Selection of the redundant aliquot accumulator and solenoid
delivery valve is made by ground command when it is determined that a failure has
occurred,

The water supply and dispensing system components and plumbing will be manu-
factured from stainless steel to prevent corrosion. The entire drinking water subsystem
will be aseptically handled throughout its manufacture, assembly and test. It will be
finally cleaned and sterilized with a dilute solution of hydrochloric acid and flushed with
sterile water prior to loading with drinking water. The drinking water stored aboard
the spacecraft will be sterile and free of material that can be readily utilized as pri-
mary nutrients to support the growth of microorganisms. Even though a bacteriological
filter is used immediately upstream of the mouth device, there is a possibility that
microorganisms may "grow' through the filter medium. The probability of this occur-
ring is not known. However, the probability can be made to approach or become zero
through the use of silver ion containing filters and/or maintaining an antimicrobial
chlorine residual in the drinking water supply. The latter approach is incorporated in
the present design.

Waste management subsystem. — As a result of the tradeoff studies, a passive
waste management system was selected which collects and separates solid and liquid
wastes, including a total of 95 1b of feces and 540 1b of urine. Quantities of wastes
other than urine and feces, e.g., emesis, hair, nails, food particles and skin, will be
small and can be adequately handled by the present design. Following subsections
describe microbiological considerations, general design features, wicking material,
purge fan, modular growth possibilities and waste water storage aspects of this
subsystem.

Microbiological considerations: The extent to which microorganisms might be
generated or their growth supported by the monkey's fecal and urinary waste is unknown,
In fact, quantitative microbiological information that could be used for engineering design
guidelines was not available in the literature. Information was available from LMSC's
independent research project on waste processing and utilization. Representative data
on the number of microorganisms in monkey feces is shown in Table 33. It is estimated
that the total number of cells per gram of feces may vary from 109 to 1015, 1t can be
seen that the counts are very similar for fecal specimens from each of the two monkeys
even though they were fed different diets. From this data, it is reasonable to assume
that the microbial loading of the waste system from feces would be of the magnitude
of 5 x 1012 cells/monkey/day.
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The fate of these organisms is not known at this time. In an untreated fecal stool
maintained under moisture and temperature conditions that allow metabolic processes
to continue, certain organisms will die because of toxic products or lack of required
nutrients while others will grow and reproduce until their nutritional source isdepleted.
Eventually, it is expected that all activity within the feces will cease. However, the
point in time when activity ceases is undetermined. An LMSC experiment on storage I
of human feces indicates that activity continues for several months. In August, 1965,

a 115 gm untreated fecal sample was sealed in an 8 oz can fitted with a pressure gauge.
Within a few weeks the pressure build-up within the can exceeded 15 psig of the gauge,

and the sample was then placed in a 4°C refrigerator. The pressure dropped to approxi- I
mately 2 psig at that temperature but has been slowly increasing over the two-year
storage period until it is now 9.5 psig at 4°C. Thus, for this sample, activity has con-
tinued over a two-year period although the rate has been slow as judged by increased
pressure at constant temperature.

If drying of the feces occurs, certain groups of organisms apparently die and the l
others are inactivated by lack of sufficient moisture to carry on metabolic processes.
However, there is a significant survival of organisms even though for practical con-
siderations their activity is arrested. This is illustrated in Fig. 76, which shows the
survival of bacteria in a fecal sample that has been dried in vacuum (27-28 inches Hg)

over potassium pentoxide (P205). The survival of coliform organisms is quite evident
during the first few days of drying whereas the total count of aerobic and anaerobic

bacteria decreases approximately one order of magnitude in the first few days and then I
levels to only a slight die-off. This same pattern has been observed in other samples

of dried human feces. A similar pattern would be expected in air-dried feces with the
exception that metabolic activity would extend over a longer time period and consequently
any gaseous metabolic by-products would be released to the atmosphere.

The re-wetting or maintaining moisture levels of fecal material will encourage
the metabolic activities of the microbial population. Growth conditions will be especially
enhanced if urine is the wetting agent since in addition to moisturizing, urine also con-
tains nutrient materials for the organisms. Urine is an excellent nutrient medium for
a large number of microorganisms. A microscopic count of bacteria in a sample from
a 12-hour collection of urine from monkeys revealed an excess of 108 cells per milli-
liter. The presence of feces, urine, food particles, and material shed from the monkey's
body establish the potential conditions for luxuriant microbial growth. It is probable
that such growth will occur unless suitable antimicrobial processes are incorporated
in the system.

Methods for the control of microbial growth can generally be classified as physi-
cal or chemical. The following physical methods were considered for their potential
use in the OPE:

(1) Drying of waste to less than 20% moisture content I
(2) Heating waste to pasteurization temperatures, 80° — 90°C

(3) Reduce temperature of waste to (O°C or less) freezing

(4) Radiation with isotopes or ultraviolet (UV) l
(5) Remove major microbial source (waste) from the life cell

(6) Increased salt concentrations due to evaporation I
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In general, the use of physical methods of microbial control introduce engineering
constraints that increase the complexity of the space vehicle and consequently reduce
the functional reliability. Items five and six, and the application of ultraviolet radiation
may be exceptions to this generality. The removal of waste from the life cell is neces-
sary if the mission is to have any chance of success. Waste removal is required for
physical reasons as well as microbiological. Item six, the increase in salts concentra-
tion, is a natural consequence of the evaporative process and thus might be considered
a bonus derived from urine evaporation. The resulting increase in the concentrationof
salts due to the evaporation of water from urine and other waste can be inhibitory to
many microbial cells. The extent of this inhibition is difficult to estimate but it would
be expected to increase with time since there will also be an increasing salt concentra-
tion at the evaporative surfaces. It is probable that this effect would not be noticeable
in the earlier stages of operation since it would take time for inhibitory concentrations
to build up.

Although the use of UV irradiation does not appear to present any undue engineer-
ing constraints, its effectiveness to control microbial activity in this application is
extremely doubtful. Ultraviolet radiation of 25378 wave length has been demonstrated
to be a lethal agent for microorganisms. However, there are several factors which
greatly affect the efficient use of this agent. For microbial inactivation to occur, the
microorganism must be ""directly hit'" by the lethal wavelengths. Also, the penetra-
bility of these wave lengths is very small. Thus, microorganisms which are in the
shadows or beyond the depth of UV penetrability are not affected. Thus, microbial
cells may be protected in the atmosphere by particulate matter, on surfaces by over-
layering with deposited material, or in liquids by suspended matter or by beinghbeyond
the depth of UV penetration., The effectiveness of UV in liquids is inversely propor-
tional to the mineral and organic content. Dissolved iron salts have been shown to
markedly reduce the germicidal activity of UV. Deposits of material on the UV lamp
or reflectors also reduces the emission and reflectance of the lethal wave lengths. In
standard practice, the lamps are cleaned at regular periodic intervals to remove
deposits of particulates and oily residues. The lamp output of germicidal wave lengths
decreases with time, producing the net effect in the OPE application of decreased pro-
tection as the potential for greater microbiological activity increases. The direct use
of ultraviolet radiation in the life cell is inadvisable since UV is capable of damaging
sensitive animal tissues when used in sufficient intensity to have germicidal efficiency.
Although the germicidal wave length of 25378 does not produce the maximum erythemal
effect, prolonged exposure to this wave length may lead to undesirable physiological
effects. It appears that the several disadvantages in the use of UV and the rather pre-
cise control required for its use prohibit its application in the OPE.

With the exception of the removal of waste from the life cell, it is concluded that

the physical methods that have been considered for microbial control in the OPE are
not applicable to a passive system approach.
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Chemical germicides are commonly used for the control of microbial contamina-
tion and activity and certain types of these agents may be applicable to the microbio-
logical problems of the OPE. For use in the life cell, a chemical germicide should
meet the following requirements:

(1) Have a broad antimicrobial spectrum

(2) Be non-toxic at the use dilution levels

(3) Be non-corrosive to space vehicle materials

(4) Be active in high dilutions

(5) Maintain activity in presence of organic materials
(6) Be active in water-based solutions or suspensions
(7) Remain stable in storage for at least 12 months

(8) Have good diffusion or penetrability characteristics.

A number of chemical germicides were readily eliminated from consideration
because of known incompatibilities with the above requirements in addition to others
such as gaseous agents that would create engineering problems. The general groups
of agents which were scrutinized more closely for their potential use are:

(1) Iodophors

(2) Phenolic derivatives
(3) Chlorine derivatives
(4) Oligodynamic metals

P-4

{5) Quaternary ammonium compounds

The iodophors are chemical formulations in which there is a combination of iodine
and a solubilizing agent or carrier. This combination or complex either contains or
slowly liberates free iodine when diluted with water. The active antimicrobial agent is
iodine which is a potent germicide. There are many commercial preparations which
utilize surfactants as the carrier or solubilizing agent for iodine and the available
iodine in these formulations generally ranges from 1 to 2 percent. They are used
primarily as disinfecting and sanitizing agents for eating and drinking utensils and in
dairies. It is claimed that the toxicity of these compounds is greatly reduced from
that of free iodine in aqueous solutions. An example of the toxicity factor is the acute
oral toxicity test on white rats for an iodophor (Mikroklene) manufactured by Economics
Laboratory, Inc., of St. Paul, Minnesota. With the concentrated form of the prepara-
tion, the LDs5g is 8.9 gm per kilogram of body weight and the LD, is 6.1 gm.

In general, the iodophors are excellent antimicrobial agents. However, their use
in the OPE is questionable because (1) the active iodine reacts with organic matter and
thus reduces the germicidal potential; (2) their compatibility with materials is prob-
lematical; and (3) the effect on the animals of long-term exposure to low—level concen-
trations of iodine is not known.

The phenolic compounds that are used as antimicrobial agents include a vast

number of chemical derivatives and formulations which range in activity from inhibi-
tion to killing of microbial cells. Considering these compounds as a group, one is
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usually aware of such problems as toxicity, corrosiveness, irritating odors, water
insolubilities, and inactivation by protein materials that are characteristic of many

of the phenolics. Such characteristics would readily eliminate the compounds from
use in the OPE. However, derivatives have been developed which reduce or eliminate
many of the disadvantages and also increase germicidal activity. It, therefore,appears
possible that certain of these derivatives may be applicable to microbial control in the
OPE.

Active chlorine is an excellent antimicrobial agent when used under the proper
conditions. Chlorination is a common practice for potable water treatment and for
sanitizing various food handling and dairy equipment. The active chlorine is usually
derived from solutions of hypochlorites or chloramines, A number of other compounds
have been derived as carriers of active chlorine. This group of compounds does not
appear to be compatible with the requirements for the OPE because of problems asso-
ciated with corrosiveness, compatibility with materials, reaction with organic matter,
and dissipation of germicidal activity, instability in solution, and potential toxic reac-
tions. However, there may be specific areas of application such as carrying a chlorine
residual in the drinking water supply as a protective mechanism against possible micro-
bial contamination.

Certain metals, especially the heavy metals, or ions of these metals, exhibit anti-
microbial activity. This activity is referred to as oligodynamic, meaning effective in
small quantities, and the metals possessing this activity are referred to as oligodynamic
metals. Antimicrobial activity has been commonly observed with silver, mercury,
copper, and zinc. The oligodynamic action of silver and silver compounds has been
studied quite extensively and a variety of processes, including silver-containing filters,
have been developed to utilize the antimicrobial action for water purification. It may
be possible to use silver ion filters to remove microorganisms from the water system.

The quaternary ammonium compounds, commonly referred to as '"Quats' are a
special group of chemical germicides characterized as amines in which the nitrogen
radical has a covalence of 5 such as found in ammonium chloride (NH4Cl). The Quats
might also be considered as derivatives of this compound in which alkyl and phenyl
groups are substituted for the hydrogen atoms. The familiar "Zephiran' or "Benzal-

konium Chloride" is an example of this type of germicide. The Quats are widely
recognized as effective germicides and the many derivatives that have been developed
have been extensively investigated. The advantages of the quaternary ammonium com-
pounds as germicides are as follows:

(1) Broad spectrum antimicrobial activity
(2) Low toxicity levels

(3) Active at high dilutions _

(4) Active in presence of organic matter
(5) Good stability
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(6) Possess detergent activity
(7) Little or no odor
(8) Low corrosion factor

In consideration of these general characteristics, this group of germicides
appears to have the greatest potential for use in the control of microbiological con-
tamination problems in the OPE Waste Management System.

Waste management subsystem design: Utilizing the results of the microbiologi-
cal study, and adhering to the concept of simplicity as a key to extended mission
reliability, the waste management subsystem shown in Fig. 77 was evolved.

The subsystem consists of a wire mesh basket under each animal cage to contain
solid waste material. The basket is of 0.25 in. mesh stainless steel to allow liquid
waste materials to pass into an area common to both animal cages in which wicking
material, which has been impregnated with a germicide or other agent(s) to inhibt
bacterial grown and odor production, absorbs liquids passing through the waste collec-
tion baskets. The fecal material is separated from the urine in order to effect a
reasonable amount of fecal drying to inhibit microbiological growth.

An air flow through each animal cage of approximately 212 cfm at a velocity of
approximately 30 feet per minute, in the direction required to move the waste mate-
rials from the cage into the waste collection area, is provided by the thermal and
atmosphere control system.

Wicking material: The wicking material installation is configured in such a
manner that approximately 12 c¢fm of the air flowing through each animal cage is
diverted through the wicking material while the remaining 200 cfm is allowed to
return directly to the animal cages.

The 200 cfm air flow from each cage is directed through a 180 deg change in
direction, after passing through the solid waste container basket, with sufficient
velocity to deposit entrained urine on one side of the wicking material.

The 12 c¢fm air flow is directed through the wicking material in such a manner
that the water content of the urine is evaporated. The wicks are assembled in a con-
voluted form to provide maximum surface area within a reasonable envelope volume,

The wicking material assumed in the preliminary design is 4 lb/ft3 heat-felted
fiberglass. This material was selected on the basis of its liquid absorption capacity,
light weight and inert character. Metal wicks which are also inert were not used
because of the weight penalty involved.
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Polyurethane and cotton felt wicking materials were also considered and are
currently under performance test at LMSC for comparison with the fiberglass. These
tests involve daily loading of various wick samples at a urine rate/wick volume ratio
of 1.136 x 10~4 1b/in%/day which approximates the expected operational loading for the
design presented. Urine from a female Rhesus monkey is used and it is contaminated
with fecal material prior to application to the wicks. Objectives of these tests* include
observations of wick clogging and microbiological growth as a function of time for
conditions where (1) no germicide is used, (2) iodophor and quaternary ammonium
solutions are applied to the wicks concurrently with the urine, and (3) the wick mate-
rial was initially impregnated with a germicide.

A basic design approach has been to provide a reasonable degree of overdesign
regarding the wick/urine ratio. The design presented has a wick/urine weight ratio
of approximately 5 percent. A common design value for air evaporation water recla-
mation systems is 1.5 percent. Tests such as those described above, however, will
have to be completed to provide design verification.

The required urine water evaporation rate per cage is 0.7 1b HoO/day. With a
flow of 12 ft3/min, an increase in specific humidity of 3.8 grains/Ib dry air is required.
This would raise inlet gas at 75°F and 50 percent relative humidity to approximately
55 percent RH. Wick surface area available to accomplish this mass transfer is 83 ft2
per cage which allows a considerable margin for uneven urine distribution through
the wick,

The pressure drop through the wicking material, arranged as shown in Fig. 78,
is not more than 0.5 in. HoO. Water and other volatiles evaporated from the urine
are carried through the lithium hydroxide and charcoal beds for contaminant removal
and to the condensing heat exchanger/water separator where water is condensed, sepa-
rated from the air stream and delivered to the waste water storage system.

Purge fan: A high capacity fan (2,000 cfm) in each animal cage is capable of
creating an air velocity of approximately 300 feet per minute through the animal cage.
This capability will be utilized for two different purposes: (1) to dislodge fecal or
other waste material adhering to the cage walls or floor structure and force the dis-
lodged material into the waste collection basket, and (2), to serve as a noxious stimulus
in the avoidance task where the animal responds by climbing into the retrieval canister.
By utilizing the behavioral task programmer for the timing mechanism, the animal
cages are purged for a duration of one minute with a high velocity air flow four times
during a 24-hr period and can, through ground command, be purged more or less
frequently.

*Advanced Life Support System Development Program - Waste Management Study
(In preparation)
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Modular growth capability: One of the salient features of this system is its
growth capability, If tests during the hardware development phase of the program
indicate the need, the following modifications can be accomplished with minimum
design impact:

(1)

(2

3)

“)

The fixed waste collection basket can be replaced with a rotatable
one with a fixed helical scraper in near contact with the inside wall
of the basket. This would mechanically force waste materials
adhering to the sides of the basket down into the bottom of the
basket, thus removing gross obstructions from the upper portion
of the basket.

To further assure adequate air passage through the basket walls,
one or more rotating brushes on the outside of the baskets, to
force smaller and/or hardened waste into the basket, canbe added
to the system in conjunction with, or independent of, the scraper
modification,

A water and germicide flushing system can be added utilizing the
accumulated waste water and a suitable germicide to wash down
the cage walls, floor and waste management components. This
system would be actuated in conjunction with the psychomotor
avoidance task, for which the animal is already trained to retire
into the retrieval capsule, and with the activation of the 2,000 cfm
fan. Ground command through the behavioral task system provides
selection capability to the flight director.

The capability to supply a germicidal solution directly into the
wicking material can be readily incorporated into the overall
system if such a requirement is revealed during development
testing.

Waste water storage: A waste water storage subsystem is provided to eliminate
the large quantity of gas for the spacecraft attitude control system that would be re-
quired if the waste water were vented overboard even through a thrust nullifier. A
secondary advantage to providing a waste water storage subsystem aboard the space-
craft is that with a balanced arrangement of storage tanks, there will be little, if any
change in spacecraft roll moment of inertia, and center of gravity.

The waste water subsystem designed for use on the OPE will transfer the
water from the thermal and atmosphere control subsystem water separator located
inside the lifecell to two accumulator tanks located on opposite sides of the
outer surface of the lifecell, as shown on Fig. 78.
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The waste water storage subsystem is shown schematically in Fig. 78 and
consists of two hydropneumatic accumulator tanks, each with a capacity of 440 1b
of water, which are plumbed to the water separators inside the lifecell through
self-sealing through-bulkhead disconnect fittings. Separate plumbing lines are
used from each water separator to an individual accumulator tank to prevent
imbalance of the spacecraft during the 14 days of operation prior to launch.

This imbalance would occur since one tank is installed with the water reservoir
at the lower end and the other with it at the upper end to minimize c.g. shift
on the vertical axis of the spacecraft during space flight. However, the head
difference during the 14 day prelaunch operation would result in all of the water
(35 1b maximum) being transferred to the lower tank. A pressure vent system
is provided on the pneumatic side of the accumulator tanks and maintains the
pneumatic pressure approximately 5.0 psi below that of the lifecell water sepa-
rators. This pressure differential across the accumulator tank diaphragm pro-
vides the pressure for transfer of water from the separators to the tanks with

a minimum of functional components. This pressure differential is maintained
by a vent valve which is set to crack at 10.5 psia and reseat at 10.0 psia.

This valve vents the pneumatic side of the tanks through a thrust nullifier to
minimize the generation of upsetting torques. Check valves are installed at the
pneumatic outlet of each accumulator tank to prevent equalization of air pressure
in the tanks in the event of unequal quantities of water being transferred and re-
sulting differences in displacement and pressure. The normally-closed 2-way
2-position latching and unlatching solenoid valve, installed between the inlets of
the hydraulic side of the accumulator tanks, is opened upon orbit injection and
permits the transfer of water from one tank to the other or the transfer of water
from either separator to either tank.

Self-sealing disconnect couplings and manual shutoff valves (o ensure zero
leakage) are installed to permit ground preparation and checkout of the subsystem.
This subsystem is placed in operation by removing any air from the hydraulic
reservoir side of the accumulator tanks through the disconnect coupling provided.
The manual shutoff valve is then closed and the pressure on the pneumatic side
of the tanks reduced to 9.0 psia by means of a vacuum pump. The waste water
storage subsystem will now transfer water from the separators when the sepa-
rator dump valves are opened. The pressure differential now existing across
the accumulator tanks diaphragms will effect the transfer of all the waste water
generated by the primates during their 14-day prelaunch occupancy of the lifecell
without further attention to the subsystem. After the spacecraft has been placed
in orbit, the vent valve will maintain the required suction pressure during con-
tinued subsystem operation.
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Cage and retrieval mechanism. — Two individual cages are located inside the life-
cell and form part of the internal equipment package. As shown in Fig. 79, each cage
provides a cylindrical animal enclosure 34 inches in diameter and 48 inches long. The
animal remains in the cage, unrestrained, throughout the experiment, until it enters the
retrieval canister for return to earth upon completion of the mission. The lower end of
the cage is closed by a grill, through which fecal material passes to the waste manage-
ment system. A steady stream of air passes through the cage, with periodic purge cycles,
entering through ducts and fans located in the top of the cage.

Integral with the cage is a system for inserting the animal, whether dead or alive,
into the retrieval canister at the end of the experiment. Access to the retrieval canister
is gained through a 14-inch diameter opening in the upper end of the cage. The remainder
of the upper end of the cage is closed by a grill.

Of the various approaches studied for accomplishing this, the arrangement finally
selected is shown in Fig. 80. The retrieval canister is offset to one side of the cage and
a thin liner, which covers the cylindrical walls of the cage, rolls up on a spool located
on the side of the cage structure. Short skirts at the top and bottom of the cage, con-
centric with the retrieval canister, ensure that as the liner retracts, the animal is
entrapped in a cylinder, 14 inches in diameter, leading directly into the retrieval canister.
A piston housed in the lower skirt is operated by a telescoping pneumatic actuator and
lifts the animal up the cylinder formed by the liner and into the canister. The piston is
activated by an explosive valve which releases compressed air from a small bottle
mounted on the outside of the cage adjacent to the actuator. This approach minimizes
gas-supply interface problems.

The basic cage is constructed of aluminum alloy with annular ring frames and
longitudinal members. Annular structure consists of machined rings top and bottom and
two intermediate rings formed from plate stock. The upper ring includes a number of
secondary members which support the lower end of the retrieval canister and other items
of equipment located on the top of the cage. A sheetmetal diaphragm covers the top of
this ring. The lower ring supports the piston assembly for the retrieval system and is
closed by a grill of 1/4-inch diameter stainless steel bars spaced 2 inches apart and
welded to a light stainless steel ring. The grill assembly attaches to the aluminum
structural ring with mechanical fasteners. Longitudinal structure consists of three
formed channel section longerons and a series of sheetmetal panels which enclose about
90 deg of the cage to provide support for the various items of equipment mounted on the
outside of the cage structure.

The cage liner is made of stainless steel, 0.005 inch thick. One end of the liner is
attached to the cage at a point adjacent to the retrieval canister, while the other end
passes through a slot in the cage support structure and rolls onto a 5-inch diameter
spool located outside of the structure. The spool is supported top and bottom by brackets
integral with the end rings of the cage structure. The upper bracket also supports the
electric motor and gear box which rotate the spool to retract the liner prior to retrieval
of the animal.

In the area where the two cages are tangential with each other, the liner is pierced
by a pattern of closely spaced holes arranged to cover an 8-inch square area thus per-
mitting a limited degree of social contact between the animals during the mission.
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The holes are large enough to permit tactile contact but small enough to prevent finger
protrusion from one cage to the other.

The liner is pierced in a number of other places to provide access to the cage
for the various functional and life support systems. Three levers on the behavioral
panel protrude through the liner, as do the oral dispensers for the pellet feeder and
water supply systems. These protrustions are arranged so that there will be no inter-
ference as the liner retracts. Other holes are provided for various environmental
sensors, an antenna, and the side viewing television camera which is mounted on the
outside of the cage structure. Other items mounted on the cage side wall structure
includes the various pieces of electronic equipment located inside the lifecell and the
mechanical components associated with the environment control system. Also mounted
on the outside of the cage are the emission and sensing units of the mass measurement
system,

On top of the cage, in addition to the support for the animal retrieval canister,
there are mounted two high-flow fans and one large cage purge fan, all enclosed in a
fiberglass header which is common to both cages. Between this header and the retrieval
canister is located the exercise unit. The exercise unit provides a tee handle inside the
cage and is attached to a mechanical/hydraulic system by which various isotonic exer-
cises can be programmed. The exercise unit is so located relative to the mass measure-
ment system that the animal is in the appropriate position for mass measurement during
the exercising cycle. The tee handle is retracted up and out of the cage prior to initiation
of the retrieval cycle. Also located above the cage is the high-resolution overhead tele-
vision camera. This unit is equipped with gimbaling optics, which permit scanning of
the cage interior. The second television camera, mounted on the side of the cage is set
up for high frame-rate visual study of the animal while it is operating the exercise unit.
Below the diaphragm which closes the top of the cage are located four flourescent lamps
which provide illumination on a programmed basis, and the microphone and speaker for
audio monitoring and stimulation. In addition to these components, other antennas are
located in this area for monitoring animal activity and receiving biological data from
implanted sensors. These antennas are protected from the animal by a fiberglass panel;
the remainder of the equipment is protected by a screen of aluminum wire mesh welded
to the lower edge of the structural ring.

Microbiological problems of the cage center primarily on the problem of waste
handling. The microbiology of the animals' waste or excretory products has been dis-
cussed previously. Any accumulation of these products within the cage affords a direct
microbiological hazard to the animal. The approach to relieving this hazard is cleanli-
ness, which is promoted by (1) the cylindrical design of the cage so that the chance for
waste to collect and accumulate is minimized, (2) the use of nonadhering surface coatings,
(3) the periodic purge flow and (4) the potential for periodic germicidal treatment.

In the weightless condition, it is highly probable that waste products at some time,
will contact nearly all exposed surfaces within the lifecell. To assist in the control of
possible microbial buildup, nontoxic germicidal surface coatings will be used along with
possible periodic treatment with a germicide which would also tend to remove any
accumulation.
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The dessemination or entrainment of microorganisms in the recirculated atmo-
sphere of the lifecell is a potential microbiological hazard to the animals, if the source
of these organisms is not properly controlled. Thus, the emphasis is placed upon the
control of the origin of the microorganisms and not upon the consequence of the non-
controlled source.

Lifecell

The lifecell is located inside the spacecraft where it is supported at its lower end
by the internal truss structure of the spacecraft as shown later in Fig. 122. As the prin-
cipal structural member of the spacecraft, it provides a shell which encloses both animal
cages, the food supply, waste management, thermal and atmosphere control and other
animal support equipment. Atmosphere, water and other tankage are mounted on the
outside of the shell structure. Provisions are also made for the two animal retrieval
canisters and the mounting structure for the docking collar,

The lifecell is a pressure vessel which, in addition to accommodating the above
equipment, provides structural support for the internal equipment which is integrated
into a single chassis-mounted unit. The readily detachable lower dome of the lifecell
permits removal of this complete internal package as a single unit (Fig. 81). The
lifecell internal equipment will be checked out, except for pressure check, outside of
the lifecell, utilizing a ground support fixture provided with all fluid and electrical
interface connections. Following checkout, internal equipment is physically mated
with the lifecell and all fluid and electrical connections transferred from the ground
support fixture to the lifecell. This transfer is facilitated by the use of zero-leakquick-
disconnects on all fluid and gas lines. '

After extensive study into various possible shapes, the configuration selected for
the lifecell consists of a cylinder with domed ends as shown in Fig. 82. The basic pres-
sure vessel is 76 inches in diameter and 100 inches long overall. End closures are
domed to 100 inch radius, the upper dome intersecting the cylinder wall at a structural
corner joint and the lower dome fairing into the cylinder wall with a 10-inch radius.

Construction generally is of welded 6061 aluminum alloy sheet material with ex-
truded and machined stiffening members on the outside of the shell.

The lower 26 inches of the pressure vessel are removable and attach to the upper
structure by means of a vee-band coupling. This lower portion consists of a spun dome
welded to a cylindrical skirt and stiffened by an annular ring. The edge member is
machined and incorporates the lower lobe of the vee-band coupling.

The upper portion of the pressure vessel, which is the principal component of the
lifecell, is made up of a cylinder supported by longitudinal and annular members and a
closing dome which is stiffened by radial members, and attaches to the upper ring of
the cylinder.

The cylinder is aluminum alloy sheet material, chem-milled to the optimum thick-
ness dictated by pressure loads except around welds and in areas of stress concentration.
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Longitudinal structure consists of 16 longerons equally spaced around the periph-
ery of the cylinder. These members share with skin in transferring end loads due to
internal pressure down to the vee-band coupling. Eight of the longerons, spaced alter-
nately, attach at their lower ends to the internal truss structure of the spacecraft. These
joints carry the full vertical load of the lifecell and its equipment during launch. At
their upper ends, the longerons react the transient compressive load from the docking
collar supports during docking operations. These loads, however, are more than offset
by the tension due to the internal pressure. The longerons also serve the secondary
function of supporting the side-mounted external storage bottles. The longerons are
T-section extrusions welded to the skin and, except in the area where the truss attaches,
the outstanding webs are chem-milled to optimum thickness. Annular structure consists
of four ring members. The lower ring is a machined T-section of aluminum alloy which
includes the upper lobe of the vee-band coupling. The longitudinal members are clipped
to the outstanding leg of the T which is stabilized by an aluminum alloy angle attached
with mechanical fasteners. Above this is an intermediate ring built up with formed
aluminum alloy intercostals welded to the skin between the longerons, and a continuous
cap member attached with mechanical fasteners. These two rings react the horizontal
component of the load imparted by the support truss and also the couple resulting from
the arm between the attachment and the shear face. A similar intermediate ring near
the top of the cylinder stabilizes the skin locally and reacts side loads transferred to
the pressure vessel by the internal equipment package. The upper ring is a machined
Y-section member of aluminum alloy and forms the intersection joint between the
cylinder wall and the closing dome. The upper ends of the longerons are clipped to the
outstanding leg which is backed up with a rolled steel T-section ring attached with
mechanical fasteners. These two rings combine to react the horizontal component of
the radial tension load in the dome due to the internal pressure. Eight pie-shaped
fittings on the upper surface of the rings at the longeron locations provide attachment
for the struts supporting the docking collar.

The upper dome is spun of aluminum alloy sheet material. Six radial stiffeners
provide local support in the way of the externally mounted preservative bottles. Two
openings in the upper dome, about 14.5 inches in diameter, accept the animal retrieval
canisters. Skirts are welded to each opening and incorporate the lower lobe of the
vee-band coupling, which seals the canister into the lifecell.

Interfacing with the internal equipment, eight machined fittings inside the pressure
vessel near the bottom of the main section of the shell, transfer vertical loads from the
equipment support chassis into the longitudinal members of the lifecell. Four fittings
adjacent to the upper intermediate ring of the lifecell accept bayonet-type pins on the
package to locate the unit laterally and react side loads.

Two reinforced areas of the shell just above the vee-band coupling are provided
for the location of 12 electrical disconnects and 11 pneumatic/hydraulic disconnects.
Lines to these components are disconnected from the inside after the lower dome of the
lifecell has been removed, permitting the main section of the lifecell to be lifted off of
the internal equipment package.
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Special Equipment

The OPE special equipment consists of the mass measurement, behavioral
panel, and retrieval canister subsystems. These three subsystems are described in
the following sections.

Mass measurement. — For monitoring the possible changes in mass of the
monkey, a noncontact type device has been designed and pertinent parameters have
been estimated. The mass measurement device is based on the change in nuclear
radiation transmission as the mass of the monkey changes. The device (which has
been given the name of the Nuclear Scale) consists of a radiation source and shutter
positioned near the behavioral panel and a radiation detector on the opposite side of
the animal cage. Both source and detector are mounted to the outside wall of the
animal cage. To reduce the weight of the Nuclear Scale, the radiation detector is
restricted in area coverage. This requires that the monkey be in some semi-fixed
location inside the cell so as to intercept the radiation emitted by the source. It is
convenient to plan on obtaining this position when the monkey is using the exercise bar
equipment.

Scintillation detectors of the general type planned have been built by LMSC and
successfully used on the Gemini program and to study space radiation, as well as on
the Pioneer VI and VII spacecraft. Uncorrected electronics drift in the latter space-
craft amounted to less than five percent.

The technique of radiation attenuation mass measurement itself has been used
successfully on numerous materials including propellant quantity gaging, aircraft oil
inventory monitoring, and determining the mass of lettuce heads before harvesting.

Description of subsystem: The subsystem concept is shown in Fig. 79. Pre-
liminary design is as follows: The radiation source is cobalt-57. This isotope emits
122 kev gamma rays, has a half life of 267 days (in one year the output declines by a
factor of 2.6), and is commercially available at a price of about $25 per millicurie.
The source is 1/4 in. wide by 8 in. long and is shielded with a tungsten shield of
cylindrical cross-section with an outside diameter of 0.37 in. The shutter on the
source is spring-loaded and solenoid-actuated to form a fail-safe shutter mechanism.

The radiation detector consists of an array of thin cesium iodide scintillation
crystals each connected by means of a light pipe to a photomultiplier tube and asso-
ciated electronics. The detector covers an area 13 by 39 in. by means of an array of
27 crystals each of which covers a 4-1/3-in. square. Estimated parameters for the
Nuclear Scale are total weight of about 40 Ib, volume of about 2800 in.3, and power
consumption of about 7 w for 1 hour of measurement.

Accuracy and radiation dose: To determine anticipated sensitivity of the Nuclear
Scale, it was necessary to determine areal density (weight per unit area) of the various
parts of the monkey's body. The reference OPE monkey weighs 12.75 lb and has a
total projected frontal area of 208 in.2. Weight distribution data for man were

203



adopted by making the assumption that the relative areal density for man applies
to the monkey. Man's weight is distributed as follows: head, 6.9; trunk, 46.1; arms,
12.5; and, legs, 34.5. Man's projected frontal area was assumed to be: head, 8.9;
trunk, 29.2; arms, 23.2; and, legs, 38.6. For the reference monkey,the projected
frontal area distribution is: head, 11.1; trunk, 37.9; arms, 27.1; and, legs, 23.9.
Manipulating these three sets of data gives the following weight distribution for the
monkey: head, 8.6; trunk. 56.3; arms, 14.6; and, legs, 20.3.

Calculations for a 10 millicurie source show that the central detector will ac-
cumulate 23, 600 counts per second with the reference weight monkey in place. A
ten-second counting period allows the accumulation of 236,000 total counts, for which
the standard deviation due to the random nature of radioactivity decay is 0.2 percent.
For a 1 percent decrease in weight, the anticipated count during the same period is
increased by 0.63 percent, At the level of 3 percent weight decrease, the signal
changes by 2 percent. For purposes of preliminary estimates, the accuracy appears
to be some place between 1 and 3 percent. As the counting period is short, three or
four repetitions could be obtained within a minute, and the results averaged to give
more confidence in numerical values.

Detector electronics drifts have been compensated for using a built-in calibra-
tion source check count immediately before or after a mass measurement. By using
the array of individual detectors shown, failure of a few detectors is not crucial.
Because the detectors occupy a surface area that overlaps the '"'shadow" cast by the
monkey during measurement, some position changes during the measurement can be
tolerated.

The source is shielded so that the dose rate to the monkey is about 10-3 millirad/
hr with the shutter closed. For a 12-second measurement, monkey skin dose per meas-
urement is about 0.005 millirad. In the highly unlikely event that the shutter fails in
the open position, the average dose rate to the animal would be only about 1.7 millirad
per hour. These radiation doses are insignificant. Because of the use of a shielded
metallic source outside of the animal cell there is no credible method for radioactive
contamination of the experimental environment. The permissible concentration for
cobalt-57 is 100, 000 times higher than the permissible level for plutonium-238. No
major flight safety problems are anticipated.

Behavioral task subsystem: — The behavioral task subsystem is designed to ob-~
tain behavioral data on the two primate subjects, under orbital flight conditions, by
analyzing their responses to a psychomotor program. A block diagram for this sub-
system is shown in Fig. 83. The work panel, together with switch, lever and cue
light details, is shown in.Fig. 84 (CP102074). The location of the work panel and food
and water dispensers within the cage is shown in Fig. 86.

The general procedure for the behavioral regimen is called multiple schedule
(MS). Inthe MS different stimuli signal the occasion of different behaviors. This
particular MS has five task components and a rest period. Four components with
visual stimuli control food or water reward responses; one of these tasks incorporates
an auditory discriminative stimulus, and one task requires avoidance (AVD) and
noxious stimulus. The food or water reward tasks; timing (TIM), vigilance (VIG),
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interlock (ILK), and exercise (EXC), alternate with each other in a scrambled se-
quence with an occasional off-period. The AVD task is programmed to occur only
four times a day, as near as possible to 15 minutes, 5, 9, and 13 hours after the
start of the 14-hour lights-on period. A correct response will cause the program to
advance to the next task.

The TIM task is initiated by the illumination of a blue light around the TIM lever
on the work panel. The correct behavior is to space responses at least a specific
minimum number of seconds apart. The first response after the TIM stimulus (cue)
light comes on starts the timing interval. The second response, if it exceeds the
time interval, enables the food and water dispensers, illuminates their cue lights,
and terminates the TIM light.

If the second response does not exceed the minimum time, the timing task is
reset and restarts. A response is defined as an upward actuation of the lever of at
least 10 milliseconds duration. The handle must be released for a second response
to occur. The time interval between responses is adjustable upon ground command
to 5, 15, 30, 35, or 60 seconds.

The VIG task is initiated by the illumination of a yellow light around the VIG
lever on the work panel. The correct behavior is to respond when the frequency of
an intermittant auditory click increases slightly. The reference click rate is approxi-
mately six per second and the test click rate is approximately eight per second.

The reference click is on for 2 seconds and off for 2 seconds. The test click
remains on for 2 seconds. The test click rate begins a variable period of time after
the VIG task begins. The following sequence of time periods is contemplated: 28, 4,
16, 12, 40, 8, 24, 8, 8, 4, 20, 24, 12, 8, 20, 4, 44, 12, 8 and repeat. If a response
is made during the reference click, it has no effect. Similarly, if a response is not
made during the test click, this has no effect. The reference click rate returns again
after another period averaging 16 seconds. This task continues until a correct re-
sponse terminates it or after approximately 40 minutes has elapsed.

The ILK task is initiated by the illumination of a red light around the ILK lever
on the work panel. In this task the number of responses (lever actuations) and elapsed
time are interlocked so that the primate may respond rapidly a relatively large number
of times and receive the reward sooner or he may respond slowly a relatively few
number of times and receive the reward later. For instance, any combination of
responses and seconds totaling 50 may enable the reward, such as 40 responses and
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10 seconds, or 5 responses and 45 seconds, except that a final lever actuation
(response) is required to illuminate the food and water cue lights and enable the
lip switches. The combined number of responses and seconds required to enable
the food and water reward and terminate the ILK task are adjustable by ground
command from 1 to 100.

The EXC task is initiated by the illumination of the green cue light adjacent to
the exercise bar. This task consists of the primate alternately pushing up and pulling.
down on the exercise bar through an excursion of approximately 16 inches; this figure
is established by the physical dimensions of the life cell in its present configuration
and can be increased at some cost in structural and/or mechanical complexity. A
system consisting of a hydraulic cylinder actuated by the primate, forcing the hydraulic
fluid through a variable orifice will be used to provide the variable force component
required as shown in Fig. 85 (Animal Exercise Unit). The animal cage floor is
designed to provide toe holds for the animal, thus providing the necessary reaction
element in the EXC task. Correct response to this task consists of actuating the bar
a given number of times against a given resistance. The number of bar actuations
will be adjustable upon ground command to the following numbers: 1, 2, 4 and 8. The
resistive force will be adjustable, upon ground command to the following levels: 1/8,
1/4, 1/2, 3/4, 1, 1-1/2, 2, 3, 4 and 5 Ib. Prior to the performance of the EXC task
the radiation mass measurement system will be energized to ""weigh' the primate.

The AVD task is initiated by the sounding of a 3000 Hz tone for a period of 10
seconds, which serves as a warning cue that a noxious stimulus is going to occur. The
noxious stimulus is the high air velocity occurring when the 2000 cfm fan is energized.
The primate can avoid this stimulus by retiring into the retrieval capsule during the
fan operation.

The rest period is one minute in duration and,in addition to occurring in the
random program as previously described, also occurs coincident with the AVD task.

The behavioral task subsystem is designed so that it may be started and stopped
by its own timing system or by ground command. If the primate completes a task but
fails to take a reward, the reward is made available for 10 minutes. Tasks are locked
out during this period. If the reward is not taken in 10 minutes, it is lost and the pro-
gram is resumed., The reward is either food or water but not both for a single correct

 response; although both are offered, the acceptance of either one deactivates the other
until another correct response starts the cycle over again.
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Retrieval Canister. — The retrieval subsystem as shown diagramatically in Fig.
86 has been designed for use on the OPE to provide (1) a container in which a 6.0 kg
Rhesus monkey may be transferred from the OPE spacecraft to the Command Module
by a retrieving astronaut for subsequent return to earth, (2) passive metabolic sup-
port for the primate for a period of up to 48 hours, and (3) a means of receiving and
recording metabolic data from the live primate's implanted transmitters during
retrieval and reentry.

While recovery of both primates alive is the major objective of the OPE program,
the possibility of one or both animals expiring does exist. In this unfortunate event,
it is of crucial importance to the program that the animal(s) be recovered in a condi-
tion suitable for histopathological analysis following return to earth. In order that
this goal may be met, a means of preserving the animal has been included as a part
of the retrieval canister subsystem design.

The retrieval canister is a formed and machined aluminum structure, cylindri-
cal in shape. It is 14 inches in outside diameter, except for the clamping ring flange
which is approximately 17.5 inches in diameter, and has an overall length of 30 inches.
An electronic compartment is provided at the upper end of the canister and is formed
by an inverted cylindrical pan which is bolted to a flange located on the animal com-
partment domed end closure. This electronic compartment has a volume of 407 in.3
and contains a timer, radio receiver, amplifier, recorder, and batteries to power
this equipment to receive and record metabolic data when the animal is in the canister.
The timer will be started when the live animal is inserted in the canister prior to
recovery and will energize the radio receiver, amplifier, and recorder for a period
of one minute. The timer will cycle this equipment off for a period of 11 minutes and
on for 1 minute, giving 5 minutes of recorded data per hour. A timer override switch
is provided on the top of the electronic compartment that will be actuated by the astro-
nauts in the command module at the beginning of reentry for continuous recording dur-
ing this phase.

The animal compartment is cylindrical in shape with an inside diameter of 13
inches and a length of approximately 23 inches as shown on Fig. 81 (CP102071). The
upper end is closed by a removable dome bulkhead which also forms the lower side of
the electronic compartment. The lower end is open to the top of the animal cage and
provides the entry to the retrieval canister. A machined, flanged ring with an O-
ring gasket gland is located on the outside of the animal compartment and forms one-
half of a V-band joint. The other half of this joint is located on the upper end closure
of the lifecell over each animal cage and provides the means by which the retrieval
canisters are located and mounted to the spacecraft. A V-band clamp ring with a
toggle release mechanism is used to secure each canister to the lifecell and forms a
leak-proof joint that may be easily and quickly opened by an astronaut when the can-
isters are removed for retrieval.

The upper domed end closure of the animal compartment is joined to the cylin-
drical body of the canister by a V-band O-ring joint and clamp ring and provides the
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means by which the animals are inserted into the lifecell prior to launch and removed
from the canister after retrieval.

Located within the animal compartment are a light, an antenna to pick up the
radiated signals from the animal implants, metabolic support chemicals, moisture
absorbant, a compressed air bottle and a squib valve. The light is provided to signal
the animal, in conjunction with an audio cue, to enter the canister prior to activation
of the purge fan used to clean the animal cage. It will also provide illumination for the
animal during the retrieval period. A mixture of potassium superoxide (KO9) and
lithium hydroxide (LiOH) are used for atmosphere control during the retrieval period.
These chemicals are contained within a cylindrical piston-type holder that is sealed
from the lifecell environment. The seal is achieved by the use of O-ring gaskets on
the inner and outer diameter of the piston at both the upper and lower ends as shown
on Fig. 80 (CP102071).

Upon initiation of the retrieval operation, the squib valve is fired which releases
air from the high pressure bottle which in turn forces the chemical holder piston down-
ward and exposes the KOs and LiOH to the canister atmosphere. A hydrophobic screen
is used to cover the chemicals and prevent the direct contact of urine droplets with
the KO2 which reacts rapidly with water. A moisture absorbant material is installed
on the inner surface of the piston holder and will entrap any free urine droplets that
contact the material.

The floor of the retrieval canister is located on the floor of the animal cage and

serves as a part of the cage floor until the retrieval operation is initiated. As soon as
the cage wall is in the retrieval position as shown in Fig. 79 (CP102070), a pneumatic
telescoping elevator, located under the center of the domed canister floor, is actuated.
This elevator raises the floor upward and forces the animal as shown in Fig. 80
(CP102071), into the canister. The floor is inserted into the canister to form the
closure at the bottom of the animal compartment and at the upper limit travel of the
pneumatic elevator. The edge of the dome shaped floor is forced into an annular seal
located in the lower skirt of the canister cylindrical body. This seal is covered by
protector ring during the flight to prevent the accumulation of any substance that
might impair or prevent a leak-proof seal being formed with the edge of the domed
floor. This protecting ring is forced upward by the floor as it is raised to its final
position. This protecting ring also covers a spring loaded segmented latching ring
which decreases its effective diameter after the floor has passed upward through it
and serves to lock the floor in place. The floor is secured to the pneumatic elevator
by a spring loaded ball detent which allows the floor to separate from the elevator
upon removal of the retrieval canister from the lifecell by the retrieving astronaut.

Atmosphere control is maintained as required by the animal in the sealed
retrieval canister by a mixture of potassium superoxide (KOg) and lithium hydroxide
(LiOH) which exposed to the canister internal atmosphere as described earlier. As
the animal breathes, the carbon dioxide (CO5) produced is partially removed by the
LiOH, the remainder of the COg9 is absorbed by the KOg with a release of oxygen (092)
as a product of this reaction. This mixture contains 1.40 1b of KOg and 0,36 Ib of
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LiOH and is sufficient to remove all the CO, produced, and sufficient Os to
sustain the animals life but not overproduce O2 to the extent of causing a condition of
O2 toxicity. The quantities of KOg and LiOH noted above are sufficient to sustain a
6 kg Rhesus monkey for a period of 48 hours.

Preservation of the deceased animal(s) will be accomplished by the use of a
preserving fluid which is a mixture of dimelhylsulfoxide and formaldehyde which will
be transferred into the canister animal compartment so that the cadaver is completely
immersed. The principal of using this solution for preserving intact animals has
been investigated at LMSC. The results of these experlments to date indicate a satis-
factory degree of preservation.

The fluid preservation part of the retrieval canister subsystem is shown on
Fig. 86 and consists of two hydropneumatic accumulator tanks, squib valves, and a
vent valve which are connected to the canister by two self-sealing quick disconnect
couplings. The preserving fluid is contamed in the 2 hydropneumatic accumulator
tanks, each having a fluid capacity of 1. 0 ft3 thus providing a total of 2 ft3 which is
s11ght1y less than the volume of the canister animal compartment. When it has been
determined that an animal has died, the animal is inserted into the canister as des-
cribed earlier; however, the KOg and LiOH chemical holder piston is not actuated
and remains in the sealed position. This is necessary since the preserving fluid re-
acts with these chemicals. With the deceased animal sealed in the canister, the
hydropneumatic tank gas inlet and fluid outlet squib valves are actuated to the open
position by ground command and the 35 psi gaseous nitrogen from the lifecell inte-
grated thermal and atmosphere control system supply is admitted to the pneumatic
side of the accumulator tanks. The fluid preservative is forced out of the tanks and
into the canister and the air contained in the canister is vented overboard, through
a vent valve and a thrust nullifier, as it is displaced by the incoming preservative.
The vent valve will crack at 20. 0 psia and reseat at 19. 0 psia after the air and any
excess fluid are vented overboard. A normally closed squib valve is placed in parallel
with the vent valve and will be actuated by ground command some time prior to re-
trieval operations. This will allow the excess preserving fluid to vaporize and vent
to space, thus reducing the weight of the canister and minimize its effect on the com-
mand module during reentry. Additional experimentation is required to determine
proper vent rate and time required for this phase of the operation. The retrieving
astronaut will disconnect the fluid, vent, and electrical lire s and the canister will be
completely sealed automatically during the remainder of the retrieval operation.

Data Management
The data management subsystem was established with the requirement that it
be compatible with the Apollo Ground System. To attain this objective, the Apollo

unified S-band system has been selected where possible. Modification to the S-band
system will be required, since all of its capabilities are not required for OPE.
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~ Figure 87 shows a block diagram of the airborne data management subsystem.
This system includes many components, some of which have been designed, others

that have been designed but require changes, and some that are completely a new
design. In the succeeding paragraphs, this block diagram is discussed in general
and then each subsystem is discussed in detail.

General description. — The behavioral work panel data are obtained in digital form
and recorded on an 8-channel digital recorder. This recording is continuous and will
be read out over a station on command. The work panel data are multiplexed in real-
time so that data can be obtained real-time when the stored data are being transmitted
to ground to prevent loss of any data. A continual time word is sent along with either
stored and transmitted data so that time of occurance can be determined.

The behavioral work panel data (both stored and real-time) are connected to the
parallel digital inputs of the PCM and timing equipment assembly, and is read out
upon command at the predetermined sampling rate.

The signal conditioner assembly receives the analog signals from sensors of
different types and processes them. The analog signals into the multiplexer must be
0 to 5 volts. This signal conditioner package will consist of amplifier and bridge
circuits to obtain the 0 to 5-volt analog signal.

The signal processor controls all signals that go to and from the transmitter.
Its function as a data processing and distribution center provides the necessary inter-
face between RF data and onboard equipment.

The signal processing assembly consists of many relays that are controlled by
ground station commands. These commands direct these data into the S-band trans-
ceiver where they are PCM upon one of the subcarriers of the S-band system, and are
transmitted through the power amplifier to the Diplexer. A ground command selects
which antenna will be used for transmission on the basis of received ground station
signal strength.

The biodata are collected from each animal by separate implanted trnasmitters.
There is a transmitter for each of the following signals: ECG, temperature and res-
piration. These transmitters are on continuously and use very little power. They
can transmit the signal 3 to 5 ft and are detected by an antenna at the top of each cage.
The antenna at the top of each cage is cannected to three tuned receivers. These
receivers (Fig. 87) amplify the signal, demodulate it and then it is connected to the
analog multiplexer inputs.

Biodata will also be commutated so that they may be transmitted over the PCM, or
PM subcarrier in the place of audio.

The desired frequency response of the electrocardiogram is 200 Hz. The fastest

sampling rate of the multiplexer is 200 samples/sec. To obtain the desired frequency
response, each ECG signal will be connected to three separate channels in parallel.
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To obtain a frequency response of 200 Hz the sampling rate should be at least 2.5
times the desired frequency response. Three channels will give 600 samples/ sec
or a frequency response of 240 Hz.

The desired frequency response for the temperature, respiration and animal
activity signals for these animals are 5 Hz. These signals can be sampled at a
slower rate and will also be connected to the analog inputs of the multiplexer.

The biomedical signals from the demodulator (Fig. 88) are also connected to the
animal commutator. A command from the ground can connect these signals to the
subcarrier used normally for audio. This command is used to transmit all extended
periods of continuous biodata on the PM subcarrier while the stored data are being
transmitted on the PCM subcarrier. The signal processor is used to direct biodata
by commands to either store the biodata in serial-digital form, or connect it to the
S-band system for transmission.

The environmental, life support, and spacecraft data will all be handled in the
same form. The data will be detected by sensors and connected into signal condi-
tioners to obtain a 0 to 5-volt signal that can be compatible with the rest of the system.

The audio subsystem is made up of microphones installed in the work panel, and
a preamplifier and amplifier that can supply a 0 to 5 volt analog signal to the signal
processor and then on to the PM subcarrier. The audio signal is not recorded on the
spacecraft. It is read in real-time whenever the PCMTEA and S-band transmitter are
operating, with one exception. As stated before, the subcarrier and PM mode used
for audio will be used for commutated biodata upon command from the ground. This
command will be given when long continuous (5 minutes) biodata are to be transmitted.

The TV subsystem contains four cameras, two for each cage. Each cage has
one high-resolution, low-frame-rate camera that is set near the work panel. The
other is located at the top of the cage with a movable prism network so that the cage
may be scanned if desired. The TV camera at the top of the cage will have a lower
resolution than the fixed camera, but will have a faster frame rate so animal move-
ment may be observed. Though there are four cameras for the two cages, only one
camera can be operated at a time. Commands from the ground can select the camera
for use. Ground commands will also be used to operate the prism so that the camera
may scan the cage. The camera receives the image and processes it so that it can
be either stored or transmitted in real-time to ground. There will be ground commands
and a stored command to record the TV data on the on-board tape recorder. The
stored or real-time TV data will be connected to the signal processor assembly for
selection as to its being stored or real-time transmitted. The TV data is frequency
modulated on the carrier frequency of the S-band sytem, and is transmitted to the
ground station.

Three types of radiation dosimeters are to be used. One is a photomultiplier
scintillator counter that uses a digital storage register to count the number of rads/
min. The other is one developed by NASA for a back-up system. The third is a
system of passive film packs mounted in each of the retrieval capsules which will
be recovered with the animal.
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Two types of animal activity counters are provided. The primary system is
designed to use the signal received from the transmitter indicating the animal's
temperature. Changes in received signal strength are detected and these variations
counted and stored for a period of 12 minutes. They are then dumped, reset, and
made ready to count the activity for the next 12 minutes. The other
system operates similarly but receives its signal from a different source. The
animal has an implanted magnet which works in conjunction with pickup coils at the
top of each cage and at the side at a 90 deg angle from each other. These two pickup
coils (per cage) detect any animal movement, store it for 12 minutes and then dump
the information to the recorder and restore.

The function of the update link is to receive, verify, and distribute digital up-
dating information sent to the spacecraft by the MSFN at various times throughout the
mission, to update or change the status of operational systems. The update link con-
sists of detecting and decoding circuitry, a buffer storage unit output relay driver,
and a power supply. This system utilizes a two-tone format in which each tone fre-
quency represents either a binary "1" or "0."

The unified S-band equipment (USBE) consists of a receiver, transmitter, and
power supply. This equipment is used with a power amplifier to obtain the desired
transmitting power at the antennas.

The USBE system can transmit data on three different modes: FM, PM, and
PCM. This system can also be used for tracking the spacecraft.

The pulse code modulation timing equipment assembly (PCMTEA) converts all
data inputs from the various sources throughout the spacecraft into one serial digital
output signal. Input signals to the PCM telemetry equipment are high-level analog
(0 — 5 volt) and parallel digital words. There are 277 high-level analog multiplexed
signals and 26 parallel digital inputs that may be used.

The timing equipment provides precision square wave timing pulses of several
frequencies to time correlate all spacecraft time-sensitive functions. It also gener-
ates and stores the real-time date, hour, minute, and second time from launch in
binary coded decimal format for transmission and display to MSFN.

The X -band transponder will be used only during rendezvous between the space-
craft and the Apollo craft. The transponder in the S-band system can be used to track
the spacecraft from the ground but more accurate tracking is required for rendezvous
operations.

The antenna will be flush-mounted with the spacecraft skin. There will be a

center-fed cavity providing a coverage large enough so that only two S-band and two
X -band antennas will assure ground contract for any position of the spacecraft.
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Work Behavioral Panel. — The behavioral panel data are all in digital form. The
timing clock signal originates in the timing equipment assembly so that all data will
be in synchronization with the rest of the spacecraft. The work panel signals are
stored continuously on a tape recorder and then read out over the desired station.
During readout of stored data, real-time work panel data are also transmitted along
with the stored data. This eliminates any loss of data.

There are eight digital words of eight bits each to define all psychomotor func-
tions for both animals. These data are recorded and then played back at 30 times the
recorded rate. With a playback limit of 200 words per sec , a recording rate of five
words per second has been selected. Since there are eight words per group, the
maximum allowable recording rate is 0. 625 word groups per second on an eight-
track digital recorder.

An analysis of the maximum function rate of the two combined psychomotor
panels shows the possibility of a maximum of three word groups during one scan
period of 1.6 sec. Therefore, there are three intermediate holding registers to
defer word groups occurring within the reading period. They will be read out in
sequence if more than one register is full. Since each word group is time-tagged
there can be no ambiguity of data.

The behavior panel is further described in a preceding section of this report.

Biodata. — The implanted biodata subsystem consists of sensors, signal condi-
tioners, transmitter and power supplies. Each animal has three separate subsystems
to detect, condition and transmit the following signals: electrocardiogram, respiration,
and temperature.

The signals transmitted from the three implanted transmitters within each
animal are detected by a single antenna at the top of each cage. Connected to this
antenna are three tuned receivers. Each receiver is tuned to a frequency of one of
the transmitters within the animal. This signal is then demodulated and amplified
to the desired 0 — 5 volt analog signal. The total biodata subsystem includes six
different frequency transmitters with separate power suppliers, two receiver antennas,
and six separately tuned receivers and demodulator.

Environmental life support and spacecraft data. — The environmental life sup-
port and spacecraft data take the form of pressure and temperature measurements as
shown in Fig. 89. Three types of pressure are measured: differential, gage, and
absolute. Standard practices are used for these measurements as flight qualified
equipment can easily be obtained.

Two-gas atmosphere sensor: The two-gas sensor is a small, low power
instrument for monitoring the principal contaminants and atmosphere gases. This
unit utilizes the optical absorption technique to accurately measure the concentrations
of the principal gases. It measures the partial pressures of Og, CO2, and HoO, using
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ultraviolet and infrared channels. With these data with the total pressure measure-
ment, the partial pressure of N2 can be obtained. '

Two of the above systems are used. One system is used for life support systems
control and the other for measurement. To provide a higher reliability, additional
circuitry is included so that if either of the systems fail, a command from the ground
can be executed to make the other perform the functions of measuring and controlling
the atmosphere.

Temperature: The temperature requirements for this program can be carried
out by the use of thermistors. A thermistor is a metallic oxide resistor that has a
negative temperature coefficient. The resistance changes greatly with small tempera-
ture changes. Thermistors may he used to measure temperatures from -450°F to
1,200°F, making them suitable for almost any temperature measurement. The
thermistor is normally used in a bridge circuit so that a 0 to 5-volt signal can be
obtained over the temperature range of concern. Temperature bridges can be designed
which require no amplification.

Audio data. — Audio signals from the primate are obtained by the use of a micro-
phone placed within each of the work panels. The output of these microphones is sum-
med, amplified, and connected to the signal processor. Upon commands from the
ground, this signal is connected to one of the subcarriers and is pulse modulated (PM)
and transmitted to the MSFN.

Provisions have not been made to record any audio data on-board the spacecraft.
Audio data will be transmitted to MSFN when other data are being transmitted with one
exception (Fig. 90). One of the requirements is for 5 min of biodata six times/day.
This requirement would load the USBE to capacity, and the stored digital data could
not be read out over the station. To eliminate this problem, the biodata are commu-
tated with a separate small commutator and are transmitted over the PM subcarrier by
a command from ground. This makes it possible to transmit TV, stored data, and
real-time biodata for a full station contact. The use of a small commutator will
save power and will make it possible to collect all the required data.

TV data. — The video system will utilize two cameras per lifecell. One high
resolution unit is mounted horizontally in the top section of the cell looking at a
gimballed first surface mirror which is positioned to view down into the cell through
a glass or plastic port. This port is necessary to protect the camera-mirror system
from waste material and is provided with a cleaning system to keep the face plate
free of waste deposits. This camera can be used to observe the animal and the cage
itself from the top of the cage. This camera will have a viewing angle of 36 deg and
will be in focus for 0.5 to 2 ft.

The other camera is a low resolution system positioned in or near the psycho-
motor panel to observe the animal while it is in this area. This camera will look
directly through another port which will also be kept clean and free of waste deposits.
This camera will have a view angle of 18 deg and be fixed.
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The controls for the TV cameras are located outside the lifecell. They must
be designed to operate in a space environment. This requires a new design as flight
control equipment could not be found to supply the required functions. Ground com-
mands are used to select the desired camera. If either of the high resolution cameras
located at the top of each cage is selected for viewing, a pulse command will be used
to rotate the optics for selection of the desired viewing portion of the cage. Only one
camera can be used at a time. The signal from the selected camera can be either
stored on a magnetic tape recorder or transmitted in real-time over the station. This
mode of operation will be selected by ground or stored commands. The T.V. data wil
be transmitted by frequency modulation of the carrier frequency. The carrier fre-
quency can be frequency modulated from 0.400 to 1.5 MHz.

The high resolution cameras will operate at a 0. 625 frame rate per sec and the
low resolution system will operate at 10 frames per sec. These frame rates have
been established to be compatible with the ground station requirements.

High resolution TV will be sampled for the first minute of each daylight hour,
one minute just after the start of the 10-hour dark period, one minute midway in the
dark period, and one minute just before the start of the next light period. Low
resolution data will consist of four five-minute samples a day and may be either
recorded or played out in real-time. Available excess recording capability of the
TV recorder may be used as required by the Principal Investigator for either high-
or low-resolution data. Any additional time available over the tracking stations may
be used for real-time readout.

Radiation data. — The main unit for measurement of radiation dosage is a plastic
scintillator counter. The least count is set at one millirad. When 1 millirad of dosage
is encountered, it dumps a count into a digital storage register consisting of 16 binary
stages of nondestructive readout. This system stores a continuous accumulation of
dosage and reads out the total. The two 16 bit words are connected into the PCMTEA
digital inputs for storage or transmission. This unit will be calibrated in the lab and
will not require recalibration in flight.

A back-up system is the NASA equivalent tissue system. This system works on
the same principle as the above system. The passive units are film pack dosimeters
placed inside the retrieval capsule. They cannot be read out but will be retrieved
with the animal.

Animal activity data. — Animal activity data are discussed in the following
paragraphs.

Implanted magnet: A convenient means of detecting motion of the animal is the
detecting of changes in a magnetic field that is emitted from the animal. This can be
accomplished by implanting a small permanent magnet within the animal. Teflon-
coated magnents suitable for implanting are readily available, and the ability to use
such an implant has been well demonstrated. Detection of this magnetic field can be
accomplished by means of several high impedance coils located about the cage
(Fig. 91). Any motion of the animal will induce a voltage in the coil that can be
detected by simple circuitry.

LOCKHEED MISSILES & SPACE COMPANY
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The primary advantage of such a sytem is the high sensitivity and very low
power consumption. The basic output is an analog signal roughly proportional to the
velocity of the animals' motion and the distance from a pickup coil. The analog signal
can be conveniently converted into digital information for counting and data storage
purposes. Two high impedance pickup coils are located in each lifecell: one at the
top of the cage and one 90 deg from it on the side of the cage. These pickup coils
have access to the cage through an open port. The animals'activity is accumulated
and stored for a 12-minute period, dumped into the recorder and the next 12-minute
period will be accumulated. Twelve minute periods of animal activity will be obtained
and a running table will not be kept.

Indwelling telemetry signal strength: If the indwelling instrumentation is oper-
ated continuously, it is possible to determine animal motion by observing the field
strength of the received signal. Any motion of the animal will change the level of the
signal at the receiver. By observing the AGC level of the receiver, it is possible to
determine the received signal strength. The primary advantage of this system is
that it requires no additional implants or external equipment other than an output
amplifier from the receiver AGC. The basic output is an analog signal roughly pro-
portional to the animal's movement. This analog signal can be conveniently converted
into digital information for counting and later storage purposes (Fig. 92). This
counter operates on the same principle as the above one for 12-minute periods, then
dumps, resets, and starts counting again.

Data management equipment. — The equipment discussed below will be located
outside the lifecell and exposed to the space environment.

PCMTEA. — The pulse code modulation and timing equipment assembly consists
of a rugged lower-power, precision-pulsecode-modulated (PCM) telemeter and preci-
sion timing equipment (TE) combination. Both the PCM and TEA are packaged in a
single unit (Fig. 93). This unit has been designed for the Apollo program. Minor
design changes will be made to this system for the OPE program. Not all of the par-
allel digital inputs are required, nor are the serial start and stop words required.

PCM telemetry equipment: The function of the pulse code modulation (PCM)
telemetry equipment is to convert all of the data inputs from various sources in the
spacecraft into one serial digital output signal. This single output signal is routed to
the premodulation processor for transmission to the MSFN or to the data storage
equipment for storage. Input signals to the PCM telemetry equipment are of two
general types — high level analog and digital. All data inputs are routed through the
data distribution panel and then to the PCM telemetry equipment.

During mission phases when transmission to earth is possible, the PCM tele-
metry output is supplied to the premodulation processor, where it is prepared for
transmission via the USBE. When transmission to earth is not possible, the signal
is stored in the digital storage equipment for subsequent transmission.
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There are 277 channels of 0 to 5 volts of analog data as follows:

Channels Sampled (cps)
7 200
22 100
8 50
45 10
195 1

There are 528 channels of parallel digital inputs available for external use as
follows:

Channels Sampled (cps)
16 200
32 100
40 50
8 10
432 1

TEA equipment: The timing equipment generates an internal highly stable 1. 024
MHz signal for operation of the PCMTEA. It furnishes 1.024 MHz, 512 kHz, 6.4 kHz,
1.6 kHz, and 0. 10 Hz output timing signals that are used throughout the spacecraft.
The TEA also furnishes inputs for synchronization inputs as well as the time of day
and the day of the month of the PCM portion of the equipment.

Signal processor. — The signal processor is a new equipment design. It consists
of relays, controls, and logic circuits to direct data to the desired locations. Within
this equipment, data are directed to the appropriate storage equipment or to the desired
mode of modulation within the S-band equipment. All commands from the digital up-
date link will be directed through this equipment. There will also be commands ori-
ginated within this unit to operate the fixed time interval commands that are required
on the spacecraft. These commands are required to store data when the spacecraft
is not in contact with the ground station. It will use the square wave signal from the
timing equipment assembly and then count down and select the desired time interval
for the required commands.

Unified S-band equipment (USBE). — The USBE (Fig. 94) consists of a receiver,
transmitter and power supply contained in a single electronics package which can be
used during earth orbital missions to provide a means for transmitting real-time or
recorded analog TLM data, biomedical data, and TV data to the MSFN when the
spacecraft is within range of a station equipped for S-band operations. It can be used
for PCM TLM data, FM TV data, PM voice and animal data, tracking and ranging,
and reception of up-date commands. This unit was designed for the Apollo system
and can be used for OPE with minor changes.

Spacecraft tracking can be accomplished at MSFN stations equipped with S-band
equipment by measuring the change in frequency of the carrier received from the
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spacecraft. This is called single or one-way doppler technique. This method is not
as accurate as is desirable, however, because of the relative instability of the local
oscillator in the USBE. The primary technique which is employed is the two-way or
double-doppler method. In this case, a stable carrier of known frequency is trans-
mitted to the spacecraft where it is received by the phase-locked receiver, multiplied
by a known ratio, and then retransmitted to the MSFN for comparison. Because of
this capability, the USBE is also referred to as the S-band transponder.

For determining spacecraft ranges, the MSFN phase-modulates the transmitted
carrier with a pseudorandom noise (PRN) binary ranging code. This code is detected
by the USBE receiver and used to phase modulate the carrier transmitted to the
MSFN. The MSFN receives the carrier and measures the amount of time delay be-
tween transmission of the code and reception of the same code, thereby obtaining an
accurate measurement of range. Once established, this range can be continually
updated by the double-doppler measurement. The MSFN can also transmit update
commands and voice signals to the S/C USBE by means of two subcarriers, 70 kHz
for update, and 30 kHz for upvoice.

The USBE receiver is a narrow band, double-conversion superheterodyne,
automatic, phase-tracking receiver that accepts a 2106.4 MHz, phase-modulated RF
signal transmitted by the MSFN. This signal contains the update subcarriers and the
pseudorandom noise (PRN) code for turn-around ranging and is supplied to the re-
ceiver via the diplexer in the S-band power amplifier equipment. After passing through
two mixers and two IF amplifiers, the resulting signal is presented to two separate
circuits: the loop phase detector, and the ranging phase detector. In the ranging
phase detector, the 9.531 MHz IF is detected and the 70 kHz updata and 30 kHz up-
voice subecarriers are extracted, amplified, and routed to the update discriminators
in the PMP equipment. The ranging signal is also derived, filtered, and routed to
the USBE transmitter as a modulating signal input to the phase modulator.

S-band power amplifier equipment. — The S-band power amplifier (PA) equip-
ment (Fig 95) is used to amplify the RF output from the USBE transmitter when
additional signal strength is required for adequate reception for the S-band signal
by the MSFN. It consists of a diplexer, a traveling wave tube for amplification,
power supplies, and the necessary switching relays and control circuitry. The S-
band power amplifier is contained in a single electronic package which was designed
for the Apollo system. This unit can be used with the USBE without any changes.

All received and transmitted S-band signals pass through the S-band PA diplexer.
The 2106.4 MHz S-band carrier received by the S/C enters the S-band PA diplexer from
the S-band antenna equipment. The diplexer passes the signal straight through to the
USBE receiver. The 2287.5 MHz output signal from the USBE transmitter enters the
S-band PA where it is either bypassed directly to the diplexer and out to the S-band
antenna equipment, or amplified first and then fed to the diplexer. There are three
power amplifier modes of operation: bypass, low power, and high power.
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S-band antenna equipment. — The antenna for the USBE (Fig. 96) is a round
cavity with a center electrode feed that may be flush mounted to the side of the space-
craft. The spacecraft shall be sun-stabilized which sets the antenna requirements at
two antennas for the S-band system. Antenna switching and complex signal strength
detection will not be required for antenna selection for transmission. The S-band
power amplifier can supply enough power that a magic tee may be used to equally
divide the power between the two antennas. This system will ensure reception of the
signal even if the S/C goes out of control.

An approximate pattern for the S-band antenna is shown in Fig. 97. This pattern
may change slightly with exact frequency design. With the use of two antennas, there
shall be three strips across the earth that cannot receive the signal. The width of
these strips will depend on the final antenna design. Calculations show that 16 watts
of transmitted power are required but the designed system will supply 20 watts at the
selected antenna. The additional power will make the no-signal strips narrower.

The antenna used for S-band transmission shall be selected by ground commands
depending on the received signal strength at the ground station. This command will
be completed through the VHF update link receiver. Twenty watts of power are required
because of the bandwidth of 1 MHz required for TV transmissions. In the final design,
the location of the antennas on the spacecraft will also consider where these no-signal
strips shall fall upon the earth with respect to receiving stations.

Updata link equipment (UHF). — The function of the updata link equipment (UDL)
is to receive, verify, and distribute digital updating information sent to the spacecraft
by the MSFN at various times throughout the mission to update or change the status
of operational systems. The UDL (Fig. 98) consists of a UHF FM receiver, a tran-
sistor mode switch, detecting and decoding circuitry, a buffer storage unit, output
pulses, output relay and a power supply.

The S-band update mode can be selected when the USBE is in operation. In this
mode, the UHF receiver in the UDL is deactivated and its function is replaced by the
USBE receiver and the PMP. Update information can be transmitted within the S-band
signals. When this signal is received by the USBE receiver, the 70 kHz subcarrier
containing the updata information is extracted and sent to the updata discriminator in
the PMP. The resulting composite audio frequency signal is routed to the sub-bit
detector in the UDL.

The UHF receiver may be used when the USBE is not in operation. Digital data
is sometimes required for guidance and timing equipment may require correction due
to power failure or drift in on-board equipment. The real-time commands may be
used to perform a multitude of on-off controls and alarm functions.

There are 64 real-time commands any one of which may be selected at a time.
The UDL supplies a pulse, 30 millisecond wide and this pulse can be used to drive
relays. On-board, there is a relay box containing 32 relays. This gives 32 relay
commands and 32 pulse commands that could also be made into relay commands if

232




’----_-----

|;7 INCHES‘~‘
l

3 INCHES

' 2 INCHES

k

Fig. 96 S-Band Antenna

233



uroned ruunUY L6 "SuI

hiiJy
M g)

"
o
ZJo

S

_/

%d
L
=
&

3ANYd Hm l

!

3NVTd HO,

- S

-
>
o
=
$33¥930 -#

/T

gy
NN

)

-

+

A
{

N\

(<2
N
= .
D)
/
°‘n

L L.

71/ e N N m al N —— = N
— i : . & (¥g)
, all o ) T~ [ _ ~
7% ) ool [ [)

$33M930- @ . 1071 NM3LLV] YNNIINY B!

"3000 1631 1 TH W G0 0343 INSGERVIW NIALIW S epp ootz _osi1 _2ONVE AONIOII ¥

5 O30T ROV eV 049 €1 AT 5 33XT IT3akl VNNIING I WILSAS NOIIVINSFAELLENT Ol
YU WY yvann 370JONOW_035§393

234




TIMING PULSE TRAINS & RESEY

. VALIDITY SIGNAL TO
© PCM TLM EQUIPMENT

6 VDC EXCITATION

CMD UDL=RTC RELAY BOX

NO. rmica]']

! ;
o)

[ 4]
01 freser

‘\f____ |

CTE

From: USBE
RCVR
CT 0261 V I
PMP
(UP-DATA
DISCR. )
UP-DATA LINK
MISC.
UHE/FM DRIVERS
POWER RCVR
o
CONT l ¢
- C
ROL MODE S | purreR
STORAGE
SWITCH D
£
l R
SUB-BIT RTC
DETECTOR DRIVERS
To: RCVR To: DET & DECODER
’d—-q f——‘_—\
64/ RET 8V 6V -6V RET
POWER SUPPLY '—‘WW
MDC-20
UP-DATA
$-BAND
OfF,
UHF |
. |
ol
Sty
—o +28
UP TLM
CMD
I~y RESET
| OFF

r—*;

71 To: All
reset
windings

—> | (K1-K4)

St
(o | <
K2

2
r= 0
os} SET ':
K3 I|
(928 freser ‘)L
=11
~+—
95! (r[—
|
K4 |
i
041 {reser °

Fig. 98 Up-Data Link Equipment

235



necessary. This unit has been designed for the Apollo program and can be used for
the OPE program with small changes.

The above system will be supplied in duplicate. Two of these systems will be
used on the OPE program. One will be used as the primary system with a backup
system. Most commands will have to be redundant using the backup system. Each
system shall have a common UHF antenna with a ground command to select the re-
ceiver and command system. This selection can be accomplished by either using
the USBE or the UHF receiver that was last used.

Data storage equipment. — The data storage equipment shall include three sep-
arate tape recorders to save power and to increase reliability. One large recorder
would require excessive power and larger storage time than smaller ones. Also,
the psychomotor recorder will operate continuously either in the record or reproduce
mode. Though this recorder does operate continuously, it has a low bit/sec rate and

can be a small, slow speed, low power consumption unit, whereas the Video recorder

requires a high-frequency, fast speed and high power consumption recorder.

The PCM TLM data are obtained from the PCM TLM data equipment as a single
serial pulse train at a bit rate of 51.2 kbps. These data will be recorded on a tape
recorder that is capable of 16,384 bits/sec. This will be accomplished by using four
data tracks simultaneously and using control circuits to direct one fourth of the data
on each channel. A Lockheed Type IX tape recorder has been selected. It is a PCM
recorder that operates at 12.75 ips on recorder, and can record continuously for
20 minutes. The playback time is 5 min. This unit has a start time in the record
mode of 2 sec and in the read mode it is 4 sec. Its volume is 321 in.3 and weighs
11 1b. It requires 15 watts of max. power.

The command which turns on the PCM TLM unit will also turn on this recorder,
and a timer will turn it off in 10 sec. The data requirement of 120 samples/day for
10 sec is the same as 10 sec sample every 12 min. These data could be stored on
3 min of recording tape for each orbit. This would allow 5 sec for the tape to come
up to speed, 10 sec of data, and 5 sec to shut it off. These data can then be read out
over one station each orbit. Additional storage is required if the rate sensors turn
on the system when the animal biomedical parameters fall out of limits.

The tape recorder selected for the recording of psychomotor data is a Lockheed
Model 546. It has already had six months of continuous orbit life. It can record
eight channels on 254 feet of 1/4-in. tape, and has a total recording time of 113 min.
This time will cover any one orbit but must be readout at least once on each orbit.
This unit will run continuously and will read out on command. It will record and
reproduce data from the psychomotor panel in parallel and form eight-bit words.
While the tape recorder is supplying data to the signal processor assembly, the new
data are not lost because the current data are also being commutated by the PCM
timing assembly and being transmitted to the MSFN.
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The video tape recorder will have a 1 MHz bandwidth necessary to record both
the high and low resolution video data. This recorder will be designed and built by
Lockheed using a 1.5 MHz carrier. This unit will have 10 tracks that can record
2.4 minutes/track. The recorder will operate at 100 ips and will use 1/2-in. tape.
The required recording time is 24 minutes and this is accomplished by recording on
the first track in one direction for 2.4 minutes then reversing the direction of the tape
while changing to the second track. This can be done until the 10 tracks are filled.

A small amount of data (about 6 sec) will be lost in the changing of tracks.

The total amount of recording time available will vary according to the number
of times the recorder must be started and stopped as a 3 second run-up and 3 second
coast-down time is required each time the unit is used. It will operate with a signal
to noise ratio of better than 23 db, consume approximately 20 watts of power at 28
volts, and physically measure about 8 x 10 x 6 inches maximum.

X-band transponder. — The X-band transponder (Fig. 99) is used only for rendez-
vous and when the animals are to be retrieved. The S-band system can be used for
tracking the spacecraft during the flight within 30 ft but closer tracking is required
when rendezvous is required. The X-band system is a typical radar system that can
obtain very close tracking or location. It shall be turned on by a command from the
ground when closer location is required. The X-band antennas will be located near
the S-band antennas, and will have the same basic design but will be slightly smaller.

Equipment provisions. — Provisions have been made in a number of fields to
detect troubles before, or as soon as, they arise. If troubles are detected soon
enough, corrective measures may be taken to solve the problem before it can cause
additional difficulties.

The provisional equipment for the biomedical monitoring will include a system
to detect biomedical limits of the physiological signals. When these pre-selected
limits are exceeded, a command will be generated to operate the required equipment
to obtain real-time, or stored data, of the critical data during the time that the physio-
logical signals are in the out of limits periods. The signal from this system shall
turn on certain equipment, but provisions shall be made that a ground command can
over-ride this on-board generated command.

The life support system must be instrumented and controlled for Og and CO9y
partial pressure. This is a very important measurement, and to increase its reli-
ability, a separate system has been incorporated to instrument, and another to con-
trol, these two gasses. Provisional equipment has been designed into the system so
that if either of these two systems fails, the other units will take over the responsi-
bility of measuring and control of the life support environment.

Rate detector. — A system shall be incorporated to detect heart rate, respiration
rate and temperature. These three analog signals shall have limits attached to each
one. If either the upper limits or lower limits of these signals are exceeded, a com-
mand shall be generated to turn on the tape recorder and record these critical data

(Fig. 100).
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The temperature signal is already in analog form, but ECG and respiration
signals must be changed to a rate signal. This is accomplished by amplifying the
biosignal, then connecting it to a Schmitt trigger. The Schmitt trigger then triggers
a one-shot multivibrator, and the biosignal is integrated into an analog signal. Mini-
mum and maximum limits are detected which are used to control the command to the
tape recorder.

In-flight calibration. — The normal approach for in-flight calibration is to
supply fixed voltage values to certain commutated channels of the multiplexer each
time data are transmitted, so that they serve as reference voltages. This calibration
method gives only a calibration check of the equipment, including the multiplexer,
and the rest of the equipment following it. On the OPE, it is desired to have a cali-
bration of the signal conditioners prior to the multiplexer and, therefore, the follow-
ing approach has been taken (Fig. 101).

The in-flight calibration for the OPE takes place at the sensor input and gives a
calibration and check of the equipment from the sensor to the ground station. A com-
posite signal is gated into the signal conditioner at the sensor input. This composite
signal consists of a pulse train consisting of square waves, ramp signals, and square
waves of half-amplitude. This signal has a frequency of one cps. When these three
signals are received at the ground, m