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FOREWORD

This test was a collaborative effort between the Ames Research Center
and the Envirommental Physiology Laboratory (EPL) at University of
California, Berkeley. Emphasis was placed on assessing the operation of
implanted telemetry and the adequacy of the monkey pod as a general re-
strained animal support system to function in an operational environment.
Support for maintaining the pod and the scientific apparatus required for
it to function was provided by the EPL staff. The investigator team was as
follows:

Principal Investigator: Dr. Bernard D. Newsom, Biomedical Research Division,
Ames Research Center.

Co-Investigator: Dr. Donald F. Rahlmann, I.P.A, Assigned to Ames
Research Center from U. C. Berkeley.

Co-Investigator: Dr. Nello Pace, Environmental Physiology Laboratory,
U. C. Berkeley.

Co-Investigator: Dx. Ernest P. McCutcheon, Physioclogy Branch,
Biomedical Research Division, Ames Research
Center.
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CV-990 INTERFACE TEST AND PROCEDURE ANALYSIS OF THE
MONKEY RESTRAINT, SUPPORT EQUIPMENT, AND TELEMETRY
ELECTRONTICS PROPOSED FOR SPACELAB
Bernard D. Newsom

Ames Research Center

SUMMARY

The Airborne Science 0ffice (ASO) has provided the scientifiec community
with a CV-990 to perform physical, meteorological, astronomical, and geo-
physical research. The similarity in mission structure and objectives to
that of the Shuttle Spacelab suggests that the informal mission management
gscheme used by the ASO may be applicable in parts to the management of
Spacelab experiment development and integration. A biological system pro-
posed to restrain a monkey in the Spacelab was tested under operational
conditions using typical metabolic and telemetered cardiovascular instrumen-
tation. Instrumentation, interface with other electronics, and data
gathering during a very active operational mission were analyzed for adequacy
of procedure and success of data handling by the onboard computer.

The test was completed and all systems eventually worked satisfactorily.
The problems encountered, however, indicated areas requiring improved design
and the need for additional interface control during experiment buildup.

With the intent to minimize documentation, reviews, and change-order
distribution, az concept of a Computerized Management Program for Experiment
Integration is presented that could provide a terminal as a substitute for
the series of conventional documents and would assure visibility into the
current integration status to provide a means of interface control.

INTRODUCTION

The Skylab program was a highly successful program that carried out
numerocus physical and biological experiments. One of the outstanding results
of the program was qualification of man for long duration missions by a
series of physiological measurements utilizing unique apparatus of highly
sophisticated design. Although we know man can survive in a weightless
enviromment for a period of at least 84 days, certain metabolic and
cardiovascular changes take place which are as yet not fully understood. It
is anticipated that an early Shuttle Spacelab flight using a restrained
monkey or monkeys may elucidate the time course of the physioclogical changes
1n zero g, and further our understanding of why and how they occur. The
physiological measurements incorporated into the test described in this



report are those that have been proposed for such a Shuttle Spacelab
experiment.

Probably the most often-heard criticism of the Skylab program and
concern for future biological experimentation in space is the tremendous
expense of the instrumentation and the horrendous amount of paper produced
for management control, visibility into schedule, interface design problems,
etc.

The Space Transportation System to be operative in the early 1980's
will provide another opportunity for research in space. The Shuttle vehicle
incorporates a Spacelab that is loaded into the cargo bay completely
furbished for experimental missions of mixed or dedicated purpcses. Because
the Spacelab can be furbished apart from the vehicle, it offers an oppor-
tunity to assemble the components in one location and integrate them without
the detailed interface control documentation that was necessary for the
Skylab and Apollo programs. Experienced integration engineers, however,
have been skeptical about just how much the control documentation can be
reduced without loss of reliabilaty. This i1s especially true if the
philosephy is followed of using "off-the-shelf" instrumentation wherever
possible, for such available apparatus usually includes many unknown
components in the way of materials, functiomns, and stress capabilities.

At the Ames Research Center, a program has been underway for several
years using a GConvair 990 aircraft for in-flight experimentation. The
program is conducted by the Airborne Science Office (recently renamed the
Medium Altitude Missions Branch) and has been principally involved with
astronomy, upper atmospheric measurements, and geological survey. A basic
rule has been followed that each experiment meet the requirement of being
"good science' and that meaningful data be collected. The program, however,
has been conducted without a great deal of documentation and is directed
largely by verbal instructions. Assembly of components are made in a single
large laboratory area in the CV-990 hangar adjacent to the aircraft, under
overall supervision of a mission manager.

This approach offered an alternative to the usual systems management
approach used by MNASA for such missions and has been under study for
application to the Shuttle missions. The study has been termed ASSESS, which
stands for Airborne Science/Spacelab Experiments System Simulation.

The studies have been done during actual Airborne Science missions and
because collection of scientific data was an essential part of the program,
no biological tests were included. The concept of using the CV-990 as a
simulator to evaluate a biological experiment in terms of engineering design
performance and interface compatibility with other parts of a program had not
been done. Considerable concern was expressed by parts of ARC management
as to why such a test should be done an the air rather than in a less
expensive grounded simulator. The answer was that interfacing with a real
operation, including airworthiness requirements, would provide insight into
management problems and instrumentation incompatibilities applicable to
biological experiments for Spacelab that would not be found in ground
mock-~up situations where unrealistic "fixes" could be used.

2



This report describes the test of a candidate biological system for the
Shuttle under realistic operational circumstances. The test was an evalua-
tion of apparatus and experiment procedures without an attempt to gather
scientific data on the subjects. It was accepted as a secondary experiment
to be "piggybacked" on a non-interference basis on a series of flights during
the month of May 1976 to evaluate a new landing approach concept. Three
flights were made each week from Ames Research Center and each lasted from
three to six hours. Excerpts are included from publications by the Airborne
Science Office (1,2) from results submitted by each of the co-investigators
(3,4) and from the report of an engineering observer (5). Each of these
reports was prepared as an individual document describing the observations,
procedures, and results in much greater detail.

DESCRIPTION OF ASSESS PROGRAM

Tntroduction.~ The Airborne Science program at NASA's Ames Research
Center has provided research opportunities for the world scientific community
since early 1965. Working in such aircraft as a lLear Jet, a Convair 990,
and a Lockheed C-l4l, the airborne scientist has ranged widely over the globe
at altitudes up to 15 km. These flying laboratories have provided the
setting and facilities for basic research in earth and space sciences
including observation of unique astronomical events, the development of
earth-observation instruments for use on satellites and to supplement
satellite measurements by simultaneous observations in high-altitude flaght,
and measurement of gaseous and particulate contamination of the atmosphere.

In managing this program, the Airborne Science Office (ASO) has evolved
procedures that foster scientific research, yet are as informal and free of
restrictions and documentation as possible, consistent with flight safety
and the attainment of scilentific objectives. A unique feature of the ASO
operaltion is the active participation of experimenters in all aspects of the
research program. The experimenters have the responsibility to construct
and test their equipment, assist with installation in the aircraft, and
participate in flights to obtain the scientific data. This one practice more
than any other underlies the success of the Airborne Science appreach. It
has been enthusiastically accepted by the scientific community and is pro-
ductive of research results with a minimum of preparation time, documentation
and controls, and at relatively low cost.

The ASO experience in research management is a reservoir of practical
knowledge available to the planners of research operations for the Shuttle
Spacelab program. The potential reductions in cost and time that might
result for Shuttle from such a transfer of knowledge were first suggested in
1971. Following discussions in the NASA Airborne Research Steering
Committee, a two-phase program of study was sponsored by the Office of Manned
Space Flight to document the form and effectiveness of the Ames program in
airborne sciences. This was the start of the ASSESS program (2). The
following describes the ASO approach in conducting airborme scientific
research.



Management procedures.— The ASQ provides the airborme platform, overall
mission management, and support services, with the content and flow of
activities designed to maintain a research atmosphere. Mission managers are
experienced research scientists who provide a single-~contact continuity of
management throughout each mission. Integration facilities and support
personnel are located in proximity to the management office to facilitate a
close relationship between the mission manager and aircraft and research
personnel.

ASQ airborne missions historically have been related to one of three
broad scientific categories: astronomy, meteorolegy and earth observations,
and geophysics and space sciences. FEach area is under the cognizance of an
ASO program manager whose scientific background is in a relevant discipline.
Specific airborne missions are directed by cne of these program managers (or
an immediate assistant) as part of his overall responsibility in the program
area, The scientist/manager is directly involved in the preliminary stages
of mission formulation. He evaluates the compatibility of proposed experi-
ments to the aircraft, and performs preliminary flight program and logistics
planning.

When a mission is approved, the AS0 program manager is formally assigned
responsibility for the preparation and conduct of the complete mission. His
specific responsibilities as mission manager and his interactions with
various support groups are depicted in Figure 1. TImmediate steps are taken
to integrate experimenters into the mission team. Each receives an
Exper imenters' Handbook (1), which defines the design requirements for £light
safety, the aircraft interfaces and support utilities, and the pertinent
features of the in-flight enviromment. Vaisits to Ames acquaint the ex-—
perimenter with the aircraft and the mission support personnel, and mission
plans and schedules are updated through periodic Experimenters' Bulletins
issued by the mission manager.

The mission manager initiates and directs all local preparations for the
mission, with the authority to make basic decisions relative to the
scientific payload and its integration with the aircraft. During the de-
velopment period, he is in frequent contact by telephone and each experi-
menter, working out the details of equipment integration and flight planning.
Written communications are seldom necessary. In many cases, the experimenter
works directly with cognizant Ames support personnel; for example, he
consults with the ASO data-systems manager for the CV-990 to arrange for
in-flight data recording and processing by the onboard computer; he works
with shop personnel for experiment installation, and with inspectors to
correct any deficiencies that have been identified.

Late in the preflight peried for multiexperiment missions (on the
CV-990), all flight persomnel participate in a final program review, and a
separate safety training session is held for experimenters. The final
safety inspection with final written signoff is made prior to the initial
flight — a pilot's check flight — and is followed by a full-crew, equipment
checkout flight, which serves as an operational shakedown for the mission.
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During the flight phase, the ASO mission manager is the coordinator of
pre- and in-flight research activities. 1In the CV-990 program, he flies with
the experimenters and coordinates their activities with those of the flaght/
experiment support crew. In the Lear Jet program, flight and experiment
operations are coordinated by the two pilots and two experimenters. In
either case, the mission manager meets daily with the experimenters to review
mission progress and to make revisions in schedules or specific flight plans
that will enhance research opportunities.

The person-to—person informality of ASO management procedures minimizes
the need for documentation, while the continuity of management and proximity
of support groups allow maximum program flexibility with no compromise of
personnel or equipment safety. The motivated scientist has been shown fully
capable and effective in moving into this environment, with full responsi-
bility for his experiment, to accomplish his research objectives.

Experimenter involvement.— An airborne research project begins with the
anteraction between the experimenter or his management and the Airbormne
Science Office. As an aid to early planning, the experimenter may contact
the ASO for informal discussion of his experiment and its suitability as an
airborne project. An Experimenters' Handbook is usually given to him at this
stage. From the start, it is understood that he will have the entire re-
sponsibility to design, construct, and proof test his experiment, subject
only to aircraft safety requirements, interference with other experiments,
and the practical limits on size and electrical power imposed by aircraft
systems.

Frequent consultation with the ASO mission manager is necessary durang
the development phase. The experimenter recognizes that he must do more than
design a laboratory-type experiment. EHEe must devise a relatively self-
contained research operation, giving consideration to the limitations and
hazards of the flight environment; to methods of experiment operation and
performance monitoring; to maintenance procedures, spare parts, and
equipment; to data handling and analysis; and to the selection and training
of research assistants. Ready access to the mission manager and available
support persomnel allows quick resolution of design problems and shortens the
time required for preparing an experiment.

H

When the design and layout of the experiment have been determined, the
exper imenter submits the required drawings and stress analysis teo the mission
manager, who refers them to the Airworthiness Engineering Group for a flight
safety review. Deficiencies in design (if any) are relayed through the ASO
mission manager back to the experimenter, usually by telephone.

Occasionally, further direct interaction of the experimenter and the
cognizant safety engineer is warranted. When all safety-related aspects of
the design have been approved, the experimenter is free to complete assembly
of equipment and conduct whatever testing he deems necessary. He is not
required to document or report the results of his proof-testing.

The experimenter oversees and assists in installation of his equipment
in the aircraft. The ASO mission manager and his support people provide



assistance during this phase. The equipment must pass safety inspections
both Defore and after installation.

During the mission, the experimenter operates and maintains his own
experiment, with the support of his research assistants; ASQO personnel may
provide assistance, but the experimenter usually handles his own activity.

Data handling.- Prime responsibility for handling the research data
rests with the experimenter. He must either provide suitable recording units
as part of his own equipment or, in the case of the (V-990, arrange for
recording and processing by the onboard computer system (ADDAS). Many ex-—
perimenters in the CV-990 program do both, either using the ADDAS as a
backup capability in the event of a local recorded malfunction, or using
data scanning techniques in their own system and the ADDAS for complete data
handling. 7The ASO is responsible for the operation (hardware) and
programing (software) of the (V-990 ADDAS system, and the experimenter must
match the magnitude of his data signal teo the input requirements.

On the CV-990 missions, the presence of both ADDAS and experimenter on
the aircraft precluded any requirement for an air-to-ground data link. No
such Link was ever requested by an experimenter. However, with flights
lasting at most six hours, there was ample opportunity for postflight data
processing on a daily basis.

Applications to Shuttle Spacelab planning.~ The development of a plan
for managing experiments in the Shuttle Spacelab, with maximum benefits for
the user community and a minimum of controls and documentation, can proceed
one of two ways: by building on relatively simple concepts and preocedures
such as those practiced by the Ames Airborne Science 0ffice, adding those
features judged to be absolutely necessary:; or by attenuation of the complex
experiment—control networks of existing manned space programs, subtracting
features judged unnecessary. The ASSESS program i1s based on the former
approach in studying Spacelab experiments management. The following sections
address those features of the Ames airborne science activity believed to be
pertinent to current Spacelab planning.

Mission preparation.- Development times for airborne experiments
typically vary from 6 to 12 months. This condensed time scale is made
possible largely by the close interdependence of the experimenter and ASO
management. But it also deraives from the use of standard Experimenters'
Handbooks as design guides, the use of standard instrument racks to
minimize mounting and interface problems, and from the relatively benign
conditions in the flying laboratory, which permit the extensive use of
standard commercial components and do not necessitate intensive environ-
mental testing. Testing activities in the home laboratory averaged less
than 10 man-days per experiment. Based on the performance of 66 experiments
during this study period, im which scientific data were obtained in 95
percent of all experiment-flights, this relatively small amount of testing
appears adequate in most cases. Obviously, experiment-preparation procedures
for Shuttle cannot be as simple as for airborne experiments; nevertheless,
adherence to the direct and effective guidelines described herein, together




with full experimenter involvement, should lead to minimum experiment costs
and development times for Spacelab payloads.

Onboard data processing.- An onboard central recorded/computer system
is a valuable support to experiments in the CV-990 program. It is used for
the real-time display of flight and experiment parameters, for recording
research data, and for processing of raw data in support of experiments.
Certain coordinated payloads would not be possible without this support,
since in-flight assegssments of the progress of the total research effort may
require processed results from four to six separate experiments. In
addition, the onboard computer has reduced the need for postflight data
processing, thus increasing the self-sufficiency of the mission payload.
With rare exceptions, the experiments on a Spacelab mission could be served
similarly by an onbeocard computer facility, and its wvalue would be enhanced
if the experimenter were there to interpret results.

USE OF THE CV-990 FOR INTERFACE TESTING AND PROCEDURE ANALYSIS FOR THE
BIOLOGICAL EXPERIMENT

Introduction.— The flight mission on the CV-990 was an extension of the
baseline provided by previous ground tests in relation to the form, fit, and
function of integrating a general type of biological payload within an air-
craft to partially simulate an operational space mission. It also provided a
means to identify problem areas of scheduling, manpower, pre-flight prepara-
tion, onboard maintenance, data acquisitioning, packaging, and interfacing
with actual available support from aircraft sources which are very similar
to "state-of-the-art' space hardware.

The study of experiment management under operational conditions where
other activities are underway helps to define the man-machine interfaces
requiring further development or refinement. This is particularly important
for data acquisition and management. The information gained on the
management of a monkey will be applicable to many other biological experament
packages. The preparation procedures for flight are equally important to
study, since most biological investigators have not had the experience of
scheduied development and flightworthiness requirements imposed upon their
science.

The care and support of a 10 to 15 kg animal for seven days in a manner
that ensures the collection of data and total comfort of the animal dictates
a complex system requiring electrical, gaseous, and fluid interfaces. 1In
addition, the experiments to be performed require a closed environment so
that all metabolic products can be measured and precise monitoring of airflow,
feed, and water is assured. Certain physiological activities are recorded
through 1mplanted biotelemetry that could be affected by other electronic
systems in the area and could also have an effect on adjacent experimental,
navigational, and operational systems using similar operating frequencies.



The monkey restraint.- The monkey pod that was used in this test has
been under development by the Enviromnmental Physiology Laboratory (EPL) of
the University of California at Berkeley (fig. 2). This system consists of:
(1) a fiberglass pod containing a comfortably restrained, instrumented, 10-12
kg monkey with feeding and watering devices and provision for excreta col-
lection; (2) an electronics console containing the Skylab mass spectrometer
with associated valving and electronic controls, sensing, regulating,
recording, and monitoring units for lower body negative pressure, feeder
activlity, waterer activity, temperatures, and gas metabolism calibration;

(3) interfacing gas flow lines and electronic cabling; and (4} an additional
console, in principle representing support which could be provided from
general aircraft sources. A block diagram of the system is shown in Figure 2.
Additional electronic components were added to support the biotelemetry
implants and to receive, record, or transfer transducer signals from the
monkey's cardiovascular system, The monkey pod had undergone tests at the
Environmental Physiology Laboratory for periods of up to 10 days; in addition,
the system had been successfully operated as a part of the Shuttle Payload
Concept Verification Tests conducted at NASA/ARC in Apral 1974, and at
NASA/MSFC in October 1974. The pod is sized for the adult male pigtailed
Monkey (Macaca nemestrinag), but the system can be used as well with other
macaques of equivalent size. With modification, it is also feasible for use
with other primates. The features utilized could alsoc apply to the develop-
ment of a controlled physiological experiment package for some non—primate
species such as the dog, miniature pig, or pygmy goat.

The effiuent air from the pod was vented overboard. The pod system
remained closed for the full test period, so that there was no danger of air-
craft contamination. An investigator provided care for the apparatus. A
Life Scientist accompaniled the system on every flight to gain the greatest
information possible and to experience the flight problems of a participating
investigator.

An important requirement for this test was a continuous supply of power
throughout the mission. The animal remained in the pod throughout the
mission, and therefore required continuous support from the environmental
contrel system. Biotelemetry recordings of the cardiovascular system were
made periodically and the application of Lower Body Negative Pressure as a
challenge to the cardiovascular system was done inflight.

The implanted cardiovascular telemetry system.- Multichannel implantable
systems for telemetering cardiovascular variables have been previously
demonstrated an ground-based experiments (6,7). The multivariable systems
were comparatively large and suitable only for animals weighing at least
20 kg, such as large dogs, baboons, or chimpanzees. Advances in miniaturized,
hybrid circuit modules and use of inductively coupled power systems have made
it possible to design a multichannel unit for implantation in monkeys (or
dogs) as small as 10 kg. The system is shown in Figure 3

System description.- The operating principle of the implanted telemetry
system is conversion of analog data to a multiplexed, pulse~width-modulated
(PWM) format which frequency-modulates (FM) a radio—frequency (RF)
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transmitter. The implanted components included two pressure transducers,

‘a temperature sensor, and an electrocardiographic (ECG) lead. The trans-~
ducers were connected to a hermetically sealed mainframe package (6 cm long,
‘2.4 em wide, and 1.3 cm thick) containing power comwverter, signal con-
ditioner, and 88=MHz transmitter with integral tramsmitting antenna. An
‘attached Silastic~covered coil received power by inductive coupling from an
external coil driven by a 250-kHz oseillator. Total weight of the implanted
unit was approximately 40 g. The system was completed by an external
receiver and demodulator which converted the PWM signal to the original wave-

forms.

No active power source was implanted. All energy for system operation
was inductively coupled from an extermal energizing coil (7 cm o.d.) to an
internal receiving coil (5 cm o.d.). The power source for the external coil
supplied 250 kHz and operated at 20 V, 150 mA. A vest maintained the
external coil position, and the coil power supply operated from the 115-V ac
line. An alternative method would be to supply coil power from rechargeable
batteries, with the entire assembly contained in the wvest, to obtain data
from an unrestrained animal.

The internal coil and power rectifier-regulator combined to provide an
8-V dc, 15-mA supply for operation of the internal system components. Total
power consumption was approximately 150 nW.

Multiplexer, transmitter, and receiver.- Time-division multiplexing of
the analog signals was achieved with a low-powered CMOS device. This
technique converted the polarity and amplitude of the original signal into
the width or duration of a pulse (PWM). The basic clock rate for system
timing was 10 kHz. Time frames containing eight pulses or "words' were
generated at 120 Hz. One of the eight words was a blanked pulse denoting
the initiation of the sampling sequence. A second was a system zero
reference. The other six words were used for the physiological and system
monitoring data. The five-high-frequency channels were each sampled at 1250
Hz, providing a signal frequency response of at least 100 Hz. The sixth
word sampled each of the eight subcommutated channels at 156 Hz, providing a
frequency response of at least 15 Hz on each of the eight possible sub-
channels.

The maximum desired modulation of +80%, altered channel pulse duration
40 psec. Signals exceeding the *1-V multiplexer range would cause over—
modulation with saturation and clipping; excessively low-level signals would
contain noise.

The train of PWM information then frequency-modulated the 88-108-MHz RF
carrier of the transmitter, which broadcasted from the internal loop through
the tissue to an external antenna and telemetry receiver. The receiver
bandwidth was 500 kHz to provide am acceptable rise time for the PWM signal.
The transmitter operated within the maximum allowable field strength of 50
nV/m at 15 m for noncommercial applications. Despite this constraint, the
transmitter easily achieved a 5-m range even in a noisy RF environment.
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The encoding chain was designed to be independent of minor RF
oscillator frequency drift and small variations in signal strength. Since
the data were coded inte the duration or width of each pulse, a highly linear
frequency response in the transmitter and receiver was not required.

Demodulator, display, and recording.- The received signal was coupled
to a demodulator which reversed the encoding process (1,8). The receiver
output was clipped and limited teo the demodulator to remove effects of
amplitude wvariations. The individual decoded analog waveforms were then
displayed on a CRT and processed in a standard manner with onboard direct-
writing and analog tape recorders and a digital computer.

System accuracy.~ The primary determinants of accuracy in this system
were environmental RF interference, transmitter—-receiver distance, percentage
channel modulation, nonlinearity, and drift. At 80% modulation, 5-m range,
in a relatively noisy enviromment, noise at the output was less than 0.17%7 of
full scale, nonlinearity 0.25%, and zero gain instability less than 1% for a
nominal accuracy of the total system of approximately £2%, excluding trans-
ducer drift. Assessment of transducer stability required periodic calibra-
tion and comparison with a reference standard.

[mplantation.- The entire unit was placed within the thoracic cavity,
using surgical techniques similar to those reported previously (6,7). The
pressure transducers were coated with TDMAC-heparin complex prior to implant
to minimize the possibilaty of thrombus formation. The main unit was
gtabilized on the rib cage in the intrapleural space deep in the posterior
thoracic gutter just above the diaphragm. The intermal coil was positioned
just cephalad to the main unit in an area where the chest musculature was
minimal. Antibiotic coverage was begun the day of surgery and continued 5
to 7 days after surgery.

Flight test results.- On 28 January 1975, an adult male pigtailed
monkey #396, was shipped from EPL/UCB to NASA/ARC as a potential surgical
candidate for the chronic implantation of a cardiovascular telemetry device.
The implanted device derived its power input from an exterior energizing
coil, rather than batteries, thus prolonging its useful life. Following an
appropriate quarantine, this monkey was successfully implanted on 23 February
1975. Through the months of March 1975 to April 1976, electronic checkouts
were made on the T/M monkey system. On two occasions during this time
period, the test subject was restrained within the pod and electronic signals
for left ventricular pressure (LVP), aortic pressure (AP), electrocardiogram,
and heart rate were recorded on strip chart.

With the experience gained from this initial non-human primate trial,
some design modifications were made in the T/M device and a second monkey,
#337, was shipped from EPL to NASA/ARC on 17 July 1975. This monkey was
considered an excellent candidate for T/M implantation, having participated
in monkey-pod trials at EPL/UCB and Shuttle Spacelab Concept Verification
Tests at Ames Research Center and Marshall Space Flight Center. Parallel
efforts included modifying bioinstrumentation of the monkey pod system to
allow commutation of data acquigsition between two pods, a method for
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obtaining timed urine samples uncontaminated by feces, and extending
continuous pod tests to 15 and 30 days duration. The second monkey pod was
delivered to EPL/UCB following fabrication at NASA/ARC, bench tested, and
finally incorporated into a two-pod intégration test.

System interface test.— To further Investigate the changes in physiology
and bilochemistry that were observed i1n the Skylab astronauts, for many in-
vestigators the animal of choice is a2 monkey. The monkey restraint system
that was tested consisted of the following elements:

(1) Two pods mounted in a rack on the port side of the aircraft, each
holding one adult male pigtailed monkey. The inboard monkey was the one
that had been surgically implanted with a telemetry device, as previously
described (#396), to measure heart rate, aortic pressure, left ventricular
pressure, and body temperature. Heart rate from the other monkey serving
as a control was obtained by conventional body-surface ECG electrodes. Both
pods were identical in all respects in that they were divided into an upper
and lower portion by a rubber membrane so that excreta could be collected for
subsequent analysis in the weightless state without contamination of the
upper pod. The separated upper—pod section allowed the monkeys to breathe
fresh cabin air. The exhaust atmosphere from the upper pods was measured
continuously by a mass spectrometer for oxygen, carbon dioxide, nitrogen, and
water vapor. The difference in the gas concentration between the inflowing
and outflowing air stream permitted an accurate estimate of the metabolic
rate of the monkeys. TFood and water were accessible to the monkeys on
demand. In addition, provision was made to position the pod so that the
test subjects were in either a supine or a horizontal mode in order to remove
the head-to-toe gravity gradient for application of lower body negative
pressure as a cardiovascular challenge. (Figures 4 and 5.)

(2) Mounted to the immediate rear of the monkey-pod subsystem was a
bioinstrumentation rack interfaced with appropriate gas and electronic lines.
This CV-990 highboy rack contained the mass spectrometer with controls for
continuous measurement of the metabolic gases, devices for measuring upper
and lower pod temperatures and pressures, air flow controls, voltage
regulator controls for the application of lower body negative pressure
(LBNP), a water reservoir, nutrient intake indicator, and signal conditioners
for interfacing with the data recording system. Data measurements were
continuously commutated between the two peds. (Figure 6.)

{3) Operator and Observer were seated behind the bioinstrumentation
rack and a CP 100 digital tape recorder located on a lowboy rack was
immediately behind them. (Figure 7.)

{(4) A highboy rack to the rear of the tape recorder housed the in-
strumentation for the NASA/ARC telemetry data acquisition. An oscilloscope,
power supply, digital voltmeter, demodulator, F/H receiver, and strip-chart
recorder were mounted in the rack. (Figure 8.)

(5) Across the aisle on the starboard side opposite the bioinstrumenta-
tion rack, a highboy rack contained the strip-chart recorder for the data
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Figure 7.- The CP 100 digital tape recorder.
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output of gaseous metabolism and cardiovascular parameters. It also
contained the interface to the ADDAS computer located in the forward section
of the aircraft. (Figure 9.)

The two-pod holding rack remained in position secured to the interior
of the aircraft during the entire test period. Each monkey pod with attached
stand could be positioned in this rack, removed from the rack when desired,
and conveniently transported to other locations on—- or off-board the air-
craft. While the pods were mounted within the rack, the monkey pod could be
positioned either in the vertical or horizontal position by means of
appropriately placed quick-release pins.

As in previous tests, the feeder was mounted within the upper pod shell.
However, the constraints of the aircraft dictated a reduction in dimensions
of the water reservoir and, for the purposes of this test, the reservoirs
were placed on top of the bioinstrumentation rack and interfaced by con-
necting fluid lines to metal nipples mounted in the upper-pod sectionms.

Preliminary sketches were compiled for accommodating the modular
components in a standard highboy rack to provide efficient access to hand
controls, and to comply with airworthiness requirements, which called for
mount ing the heaviest components near the bottom of the rack to reduce the
overturning moment. Several changes were made in the original concepts
following consultation with the structural engineer. Special shelves and
bracketry also had to be fabricated by the NASA/ARC Metal Fabrication Shop.
Some delays were encountered in the procurement of the correct shelves and
bracketry, which impacted on the electronic work and hence on the time
scheduled for completion of the airworthiness tasks for this rack. Thus, it
was not put in place aboard the aircraft until Saturday, 8 May 1976.

[n the transfer of the instrumentation modules to the aircraft racks,
all the power cabling, with the exception of the lines to the vacuum pumps
located in the cargo bay, was installed as in the laboratory model. How-
ever, it was estimated that 90% of the signal cables associated with the
respiratory gas instrumentation had to be replaced and all of the wiring for
lower body negative pressure plumbing and controls completely redone. The
vacuum pumps used in the laboratory for LBNP were considered a fire hazard
on the aircraft, and considerable time and effort were consumed in
attempting to provide suitable substitutes.

Approximately 2 months prior to the first scheduled flight, the ARC
aircraft electrical inspector indicated that the existing LBNP pump and
voltage controller would not pass aircraft electrical inspection. Both items
were deemed unacceptable because of the possibility of sparking. An attempt
was made to find a substitute LBNP pump, both within and outside of ARC.
Three pumps were obtained for testing: a 28 Vdc axial, a 28 Vdc centrifugal,
and a 110 Vac centrifugal, all supplied by ARC. All 3 pumps subjectively
appeared to provide less airflow and have less capability to develop a sig-
nificant pressure differential than the original LBNP pump, but this compari-
son was made difficult because of large differences in pump orifice sizes.
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After consultation with ARC electrical and mechanical engineering staff,
it was decided that two of the 28 Vdc axial pumps mounted in parallel might
provide enough capacity to conduct the LBNP test. A manifold system which
provided a single inlet and outlet was designed and fabricated at ARC. A 28
Vdc power supply was adapted so that output voltage to the pumps could be
controlled from 0 to 28 Vde. Unfortunately, this system was able to produce
only about 10% of the pressure differential produced with the original LBNP
pump; consequently, approval was obtained to use the original LBNP pump and
voltage controller on the CV-990 for ground-based LBNP tests. The aircraft-
approved 28 Vdc pumps were mounted in the UCB bioinstrumentation rack and
used during flight to simulate an LBNP test and verify the adequacy of the
electrical power and data interface for this subsystem. For the CV-990
flights, a new 2-pod LBNP control panel was designed and fabricated, which
provided for the independent application of LBNP or fixed flow rate ventila-
tion to the lower half of either pod as desired. These factors and the
delay in delivery of appropriate shelving and bracketry caused an additional
last-minute rush to complete the wiring in this rack.

An additional module not incorporated in the EPL bioinstrumentation
laboratory rack contained the signal conditioners that interfaced the sensed
physiological parameters with the data-acquisition system of strip-chart
recorders, the CP-100 l4-channel analog tape recorder, and the ADDAS. The
commutation of information from two pods had previously been demonstrated at
EPL, and the measurements of respiratory gases were multiplexed for one-
channel input for strip-chart and tape recording, while the ADDAS received
these signals separately. The signals were identified by code to indicate
from which pod they originated. A 6-channel multiplexer was also in-
corporated for temperature measurements: (1) M/S inlet temperature, (2)
upper pod #1, (3) lower pod #1, (4) upper pod #2, (5) lower pod #2, and (6)
reference and calibrations.

The total number of parameters identified by the signal conditioner are
listed in Table 1. Table 1 shows the distribution of the data to ADDAS, the
CP-100 tape recorder, and the 2 strip-chart recorders.

Data acquisition rack.- Table 2 contains the list of modular components
included in the EPL/UCB Data Acquisition Rack (standard highboy). The
Tektronix R-4010-1 console, including an ADDAS teleprinter with keyboard,
was mounted initially in this rack, but during the course of the flights was
removed for use on another experimental aircraft. No untoward complications
arose as a result of mounting this equipment. The total weight of these
modules was within recommended limits. Bracketry for the recorder and
strapping for the packaged strip-chart couplers were fabricated by the sheet
metal shop. Although chart paper pickups were available, they were not
mounted on the recorders due to time limitations. The strip-chart
recorders were mounted in the outboard bay at a height where a seated ex-
perimenter could reasonably make notations on the chart paper during flight.

Cabling from the signal conditioner in the bioinstrumentation rack
provided the interface with the data acquisition rack. Problems were
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TABLE 1

DATA DISTRIBUTION FOR MONKEY-POD FLIGHTS ON NASA/ARC CV 990

STRIP-CHART STRIP-CHART

ADDAS TAPE 1 #2
PARAMETER CHANNELS SAMPLES /SEC CHANNELS CHANNELS CHANNELS
i Mass Spec. F O2 5 ; 8 1 3
2 Mass Spec. F COs 2 il i 1
3 Mass Spec. F H20 3 1 R C 1
L Mass Spec. F No L 1 1 1
5 Mass Flow 5 1l 2 2
6 Mass Spec. inlet pressure 6 1 - 3
1 Upper Pod Pressure 7 1 3 L
8 Lower Pod Pressure 8 1 - 6
Q Mass Spec. inlet temperature 9 1 L 5
10-13 Pod temperature 9 1h L 5
14 Pod #1 water and feed 10 10 5 -
15 Pod ##2 water and feed 11 10 6 -
16 T™ #1 heart rate 12 7 s 7
7 T™™ #2 heart rate 13 1 - 8 1k
18 ™ #2 aortic pressure 14 250 8 2
19 T #2 ventricular pressure 15 250 9 3
20 T #2 body temperature 16 1 10 L
2 TM #2 ECG 7 250 i 5
22 ™ #2 left ventricular dP/dt - - 6
23 ™ #2 left end diastolic pressure - - 7
2 Voice 18 12 -
25 Pod identification 19 & 13 -
26 Time code 20 * 14 e

ALITVNd 9004 40

SI 39Vd TVNIOINO




TABLE 2

Dimensions of Modular Components Contained in the CV-990
EPL/UCB Data Acquisition Rack

INSTRUMENT WIDTH DEPTH HEIGHT WEIGHT

cm cm cm kg
Tektronix R-4010-1 Console 42.5 50 28 7.3
Tektronix Signal Conditioner 48 51 22 136
Strip-Chart Recorder 40 36 42 47.7
Strip-Chart dc Preamplifier 44 29 14 4.5
3 Strip-Chart Couplers 20 48 15 8.0

(2 Cardiotachometers and 1 Transducer)

Strip-Chart Power Supply 12 48.5 8 6.8
Strip-Chart Power Supply 12 48 8 5.9
Total Weight 9328
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encountered in the multiplexed temperature recordings, particularly the
reference temperature, which drifted relative to the ambient temperature
within the aircraft.

Tape Recorder CP-100.- The analog tape recorder was mounted on a lowboy
rack behind the operator. This instrument weighed 97.6 kg and measured
84 = 48 x 31 em. No pre-flight mechanical problems were experienced, as this
device had a reliable history of flight aboard the CV-990. Fourteen channels
of physiological data with provision for voice recording were planned as out-
lined in Tables 1 and 3. Provision was also made to identify portions of the
tape for playback and comparison with strip-chart recordings. During the
instrument assembly, several meetings were held with the contractor
responsible for the operation of the CV-990 computer. There was an obvious
communication gap between the investigator and the programmer. The
electronics engineer maintained close liaison between the experimenters and
programmers to assure the electronic integrity from signal conditioners to
the data acquisition systems. Experimenters submitted detailed information
in regard to their measurements and computer printout requirements for the
online computation and data reduction on the following: respiratory gas
exchange measurements, mass spectrometer inlet pressure and upper pod
pressure, online computation of lower pod pressure, mass spectrometer inlet,
upper and lower pod temperatures, heart rates, and nutrient intakes. These
values were then worked into the language and form used by the programmers.

Insertion procedures.- Insertion of the test subject in the couch and
pod were carried out in the Bioscience Laboratory. The restrained monkeys
and pods were then transported to the Airborne Science Laboratory, where
they remained ready for flight participation. Three people were required
for this activity.

[n general, the assembly of parts and insertion of the test subjects
proceeded without major difficulty. For several weeks the available test
subjects had consumed food rations in excess of maintenance requirements.
As a result, monkey #337, in particular, was extremely obese in relation to
his overall stature. Despite this condition, the midpiece subassembly and
the restraint jacket were able to accommodate his abdominal dimensions.
The placement of the external T/M energizing coil for #337 was carefully
monitored electronically during the insertion procedures to provide the
optimum location between the jacket and the external thorax. Thus, the
T/M monkey took slightly longer to enclose completely in the pod than did
the control animal with cutaneous ECG leads. (Figure 10.)

From preliminary postsurgical evaluations of all the biotelemetry
implanted monkeys referred to in Table 4, #422 was considered to transmit
the best quality signals. It was planned to utilize this animal in the last
week of the flight series when all experiment systems would potentially be
in full operation. However, on 17 May 1976, when this animal was scheduled
to be inserted in the pod, an area of infection requiring clinical care was
noted on the thorax near the surgical wound. It was deemed advisable to
delete this animal from the experimental schedule, and monkey #337 was again
placed in pod restraint for this flight period.
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TABLY 3

Data recording requirements for monkey pod flights on NASA/Ames CV-990

#1 Pod #2 Pod
Strip-
Record Sample Printout Sample Record Sample Printout Sample Tape Chart

Parameter Interval Duration  Rate Rate Interval Duration Rate Rate Channel Channel
l. M/S Fp 15m/30m 30 sec 1/min l/sec 15m/30m 30 sec 1/min 1/sec

2. M/8 Fco, 15m/30m 10 sec 1/min 1l/sec 15m/30m 10 sec 1/min 1/sec ™ 41
3. M/S FH,0 15m/30m 10 sec 1l/min l/sec 15m/30m 10 sec 1/min 1/sec

L. M/8 Py, 15m/30m 10 see  Ll/min 1/sec 15m/30m 10 sec  1/min 1/sec

5. Mass Flow 15m/30m c 1/sec 15m/30m ¢ 1l/sec #2 #2
6. M/S Inlet P 15m/30m C 1/sec 15m/30m C 1/sec #3

7. Upper Pod P | 15m/30m C 1/sec 15m/30m C 1/sec #4 #3
8. Lower Pod P | 15m/30Cm c 1/sec 15m/ 30m c 1/sec #5

9, M/S Inlet T 15m/30m 20 sec 1/min 1/sec 15m/30m 20 sec l/sec
10. #1Up Pod T C 10 sec 1/min 1/sec

11. #1 Low Pod T C 10 sec  1/min 1/sec #6 i
12, #2 Up Pod T C 10 sec 1l/min l/sec
13, #2 Low Pod T C 10 sec 1l/min l/sec
14, #1 Ped Water C C 10/sec #7
15, #2 Pcd Water C o 1/min  10/sec #8
16. #1 Pod HR c C 1/sec #9
17. #2 Pod HR C T/M C #10 #5
18. #2 Pod AP ¢ T/H ¢ 1/min 250/sec #11 #6
19. #2 Pod LVP C T/M C 1/min 250/sec ) 47
20. #2 Pod BT C T/M cC #13 #8
21. #2 Pod ECG c T/M™ c 1/min 250/sec #14
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TABLE 4

T/M implanted monkeys: summary as of 13 April 1976

Weight Date of Unit Last Date
No. kg Surgery No, Checked Status/Comments

Flight Animals - Pagtail (M. nemestrina)
Pre 16.0 24 Mar 76 T21B-1 18 Apr 76  Satasfactory; LVP

EPL #337, Simple Post 14,25 #116 = ? some trapping
Pre 11.80 6 Apr 76 T21B-3 13 Apr 76 Best signals, all excellent

EPL #u422, Bushy Post 10,5 #120

Test Animal ~ Pigtail

EPL #396, Lovel Pre  13.5 26 Feb 75 T21B 13 Apr 76 Signals present, but low level,
Post 14.0 #101 very poor quality



Prior to each flight, the monkey pods were separated from the ground-
based laboratory environmental support apparatus in the Airborme Science
Laboratory. The support consisted of water and food reservoirs and
provision for air exchange in the upper pod. Air flow for the lower pod was
also available, but it was not used during the experiment, since excreta
‘odors were minimal. Urine was removed from the collection bag each morning
‘prior to movement of the pods to the aircraft.

Although a preliminary schedule of estimated takeoff times was 1ssued,
it was not known precisely when the events would occur until the "standup!
meetings were held each morning at 0815 in the Airborne Science Laboratory.
It was also advantageous to move the pods onboard at a time which would
minimize the possibility of prolonged envirommental changes due to power
outs, preflight activity of support personnel, and cabin temperature buildup
while the doors were open on the aircraft. In addition, the majority of the
instrument calibrations associated with the monkey pod system could be made
without the pods installed onboard. Therefore, movement of the pods to the
aircraft was schaduled to correspond as closely as possible to door closure
which, in turn, was approximately one~half hour before takeoff.

Upon reaching this milestone, the pods were placed on platform dollies
and then loaded onto a forklift vehicle and moved to the aircraft, The
location of the aircraft at this time varied with each scheduled flight day,
being either within the hangar or just outside on an adjacent ramp. In both
situations, the time on the forklift did not exceed 5 minutes. As an
emergency backup, a lightweight, foot-controlled air pump with 1ine attach-
ment was available for pod use at all times. The device was not used during
the course of these trials, since the maximum period that air was not
provided to the upper pod never exceeded 20 minutes.

Onboard loading of the pod was accomplished through the aft cabin door
with the designated outboard position pod entering first, dollied forward in
the aisle, and secured to the rack. The inboard pod was then secured in a
similar manner. Two trained employees of the aircraft metal shop loaded and
secured the monkey pods aboard the aircraft.

As a result of preliminary meetings, the biotelemetry system was
checked out for aircraft electronic interference during a preliminary flight
on 30 April 1976. The pods, secured in the rack without test subjects, were
also subjected to an_engineering checkout flight on 4 May 1976. During
flight, the pods were adjusted to both the horizontal and vertical positions
without difficulty, and all specifications for the pod in-flight hardware
were deemed to be adequately met.

Two flaights with one pod and a telemetry implanted monkey followed on
6 and 7 May. When the EPL/UCB instrumentation rack was installed aboard the
aircraft, 2 monkey pods with test monkeys (one control and one T/M dimplanted)
were flown on 11, 13, 17, 19, and 21 May 1976.
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Throughout the total flight activity involving more than 50 takeoffs
and landings, the monkey pod functioned well as an element of the total
exper iment package incorporated in an aircraft or an operatiomnal mission. A
few of the specifics in relation to operation and performance are noted
below:

(1) No delay in onboard loading of the pods with experimental monkeys
was noted. The pods were ready for transfer without interfering with other
flight operations, even though non-experiment related, last-minute schedule
changes occurred each day.

(2) It was demonstrated that the monkey pods provide a comfortable and
feasible restraint device for a non-~-human primate that can be used as a
surrogate for man in investigating aerospace-related physiological phenomena.

(3) Safety aspects of the pod were evident, both with respect to the
test subjects themselves, and in relation to the immediate attendant
personnel. In addition, visitors to the area, either in the ground-based
laboratory or onboard the aircraft with little or no knowledge of biology,
were able to be in proximity teo the animals with minimal impact on the
experiment. Although it is realized that constraints on the presence of
humans during the performance of certain aspects of a controlled physio-
logical experiment may be necessary, it is also evident that emergency
situations can arise which may involve the interaction of inexperienced
personnel with the test subjects, and which could be remedied without trauma
to person or animal.

(4) Troubleshooting of pod experiment-module malfunctions proved to he
feasible without removal of the monkey. As an example, the feeder jammed
during a portion of the test period. As presently designed, this subsystem
requires the separation of the upper pod hood for installation and most
major repairs. This was accomplished with both pods on several cccasions in
the ground laboratory area after all other approaches had been tried without
corrective results.

The following notation is a recoxrd of this activity:

Time of

Date Monkey Hood Removal Remarks

12 May #174 1400-1550 Mechanical malfunction feeder — removed,
cleaned, air-dried, and replaced.

#337 1500-1610 Feeder cleaned and replaced.

13 May #1174 0830-0950 Inspection of feeder mechanism. Monkey
hand-fed while hood removed.

18 May #174 0850-1205 Lightly tranquilized with Ketamine (R
HC1 (60 mg) I.M. and subcutaneous ECG
leads refurbished.

20 May $337 0845-1145 Feeder electrenic check.
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(5) Clear, uncontaminated, 24-hour urine samples were collected from
both test momnkeys by a method which should function in a weightless environ-
ment.

(6) The pods were tilted within the aircraft-mounted rack without 4iffi-
culty on the ground and in flight. Landings and takeoffs occurred while the
pods were in either the horizontal position, which increased the *G_ load, or
vertically, which increased the -G, load. Components of the pod and inter-
facing electronic, gas, and water lines remained integrally sound in both
these situations, as well as during short periods of weightlessness.

Bioinstrumentation rack.-— During flight, single-phase 60-Hz 115V air-
craft power was supplied to this rack from Station 17. An internal power
supply located within the rack provided direct current for the M/S control
unit, calibration gas solenoid valves, the 4-way valve and 2 heating tapes.
This power supply was set at 25 Vde. All other components operated on
alternating current,.

Although the 4-way valve for alternately sampling the upper pod exhaust
gases vibrated considerably during takeoffs and landings, it continued to
function gatisfactorily throughout the test period.

During flight, the protocols were followed for operating the respiratory
gas-exchange modules. The signal-conditioner system was not switched on
until all the modules, 'ncluding the mass spectrometer, were in an operating
mode. Conversely, the signal conditioners were switched off prior to
shutdown of the respiratory gas—exchange apparatus.

The signal-conditioner module carrying the transmission of the mass
spectrometer inlet pressure data had to be powered after the remaining
modules were switched on due to an apparent incompatibility with the mass
spectrometer electroniecs. If rthis sequence was followed, no interference
with other parameters was noted and reliable signals were obtained.
Corrective action attempted by electronic support personnel during the course
of these trials failed to alleviate the situation.

Some difficulty also arose with the commutated temperature-signal
outputs. The calibration or reference temperature appeared to drift with
changes in aircraft cabin environment. This, in turn, may have had some
impact on the accuracy of pod temperatures recorded during the test.

Tating and drinking activity signals were not reliably recorded due to
electronic incompatibility, and attempts made to correct this malfunction
were not completely satisfactory. Spurious saignals emanated from one feeder,
whereas the other did not register feeding-lever manipulations by the monkey
subject. The feeder and waterer, which had functioned satisfactorily during
previous tests, were dismantled during the course of instrument preparation
for the present tests. Some of the components were utilized with additional
parts in fabricating a modified system which would conform to the constraints
of the aircraft. With limited time and personnel involved and other facets
of fabrication given higher priorities, the system was not given a sub-
stantial baseline test. However, backup provision for food and water
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dispensing was adequate to maintain the physiological integrity of the test
subjects. During actual £lights, access by the monkeys to food pellets was
limited and the water allowance was controlled by a hand valve.

Data-acquisition probléms arose in the interfacing of the biotachometers.
The condition improved, however, with each successive flight. The cardio-
vascular signal input from the telemetry-implanted monkey was not of optimum
quality when compared to that received from the cutaneous ECG leads. The
parameters associated with respiratory gas exchange were recorded within
accepiable limits. There appeared to be no other major problems specifically
associated with these components. A strip-chart paper pickup would have been
desirable; one was provided but not mounted on the recorder. With the
recorder running at slow gpeed for the majority of the time, folding of the
data paper was easily accomplished manually.

Yourteen data channels of respiratory gas—exchange and cardiovascular
parameters (both Control and T/M) were selected for inputs to the CP-100
recorder. A voice channel identified specific locations on the tape corres—
ponding to the direct strip-chart recordings. Post-flight playbacks to a
strip—chart recorder were made to compare data output and acquisition re-
sulting from the two methods.

NASA/ARC biotelemetry (T/M) rack.- As shown in Table 5, a preliminary
flight with certain components of the biotelemetry system including an
implant module were tested aboard the CV-990 for the possibility of any radio
frequency interference or electromagnetic interference (EMI) between the
alrcraft and the system or within the system itself. When the total
instrumentation package, including receiver, demodulator, strip-chart
recorder, power supply, and ancillary equipment, was flown in a standard
highboy rack it apparently functioned well. Data dropouts during portions
of the flight were attributed to shifts in position of the externally placed
energizing coil. Adjustment of the aortic pressure tracing on the strip-
chart recording channel was frequently required. No doubt this was due to
the design requirement of having the aortic pressure transducer ac—coupled
to prevent zero drift.

ADDAS Experimental Input and Qutiput.- The printouts obtained from the
ADDAS computer were fragmentary prior to the flight of 17 May 1976. On this
flight, data outputs were shown successfully as voltages. On the final two
flights of 19 and 21 May, the parameters were printed in physiological units.
Only two on-line problems were encountered and were partially alleviated in
progressive flights. These were shifts in input calibration voltages and
programming bugs. TFigure 11 shows a sample of the ADDAS printout with added
explanatory notes of the monkey pod experiment parameters. The "report" or
printout was obtained from the ADDAS once every minute, and lists the
computed meun value based on a sampling frequency of 1 per second for all
parameters except water and food intake. Drinking and eating activities
were sampled 10 times per second in order that the occurrence of events would
not be missed.
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TABLE 5

Summsrv of monkey pod experimenc NASA CV-990 flLights

Humber of
Experiment
Personnel Remarks
Date Experiment Elements Onboard Onboard (Hrs = Duration from Takeoff to Recurn)
.
3O dpr 76 Tra Checkout T/M electronics for 2 No electronic interference
A/C RFI or EMI problems Moffett — StK - Moffett - 2 hrs
4 May 7o Tu Performance ot pods w/o monkeys 2 Pods secured In vertical and supine
positions during flaght
Moffett - StK - Sac - Moffett - 3 lhrs
6 May 76 Th #337, Sample 3 Cardiovascular measurements, strip-cinirt
T/M mounkey inboard pod recording Honkey supine and vertical
Moffett - EAFB - Moffett - & hrs
7 May 76 Fri #3337, Simple 2 Cardiovascular measurements; strip—chart
T/M monkey inboard pod recording
HofEett — EAFB — StK — Moffett — 4 hrs
11 May 76 Tu #174, Exeter - control, outbd pod 7 Commutated 2 pod RGE and cardiovascular
#337, Simple - T/M, 1inbd pod measurement T/M and hardware. Strip-
All instrumentation rack chart recorder
operataonal Moffetet — EAFB — Moffert — 10 hrs
13 May 76 Thu 2 Monkey Pods as above 11 HMay 8 Full-up systems
+ CP100 Tape Recorder 1st test interface computer
Moffett — LAX - 5tK - Moffetc - 3 hrs
17 Mav 76 Mon 2 Monkey Pods as above 13 May 12 All systems activated
Moffett — StK - San Jose — SF - Moffett
3 hrs
19 ¥May 76 Wed 2?2 Monkey Pods as above 17 May 5 All systems activated
Moffett - StK — Moffett - 2 hrs
2) May 76 Frai 2 Monkey Pods as above 19 May 7 2 periods of zero-g in flaght

+ PCM module

Summary of Monkey Hours Takeoff to Return
Subject Simple Exeter

29 21 50 Hours Total

All systems activated

Moffett - StK - Reno - Mofiett - 3 hrs
+ post—flight LBNP in A/C on ground
after return to Moffett
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Fxperimental subject behavior.~ In a strict experimental protocol sense,
it was difficult to control all aspects of the test subjects' enviromment.
However, this project did extend the baseline of previous ground tests of the
monkey restraint system in relationship to form, fit, and function in in-
tegrating a sophisticated biological payload within an aircraft on an
operational mission. Some of the factors in this exercise which were beyond
experimenter contrel, and impacted on monkey behavior can be listed as
follows:

(1) Light and dark cycles were not strictly adhered to om an 12L:12D
basis with lights on at 0600 and off at 1800.

(2) Temperature and humidity in the ground-based Airborne Science
Laboratory were controlled. However, the levels were different from those
exper Lenced aboard the aircraft and in transport between areas of activity.

(3) Ambient pressures within the aircraft during flight varied from the
equivalent of less than 300 meters in altitude to over 2100 meters.

(4) An unscheduled extended ground situation occurred at Edwards Air
Force Base on 11 May 1976, when the monkeys were subjected to elevated
ambient temperatures. An auxiliary temperature and humidity contrel unit
was not readily available, and temperatures in excess of 37°C were recorded
in the upper pod. As has been demonstrated in an environmental chamber at
EPL/UCB, temperatures above 35°C in conjunction with the low humidities
indigenous to the Edwards Air Force Base area are known to be stressful for
the pigtailed monkey. To improve the monkey enviromment, remedial measures,
such as shading the aircraft windows with lab coats, increased allowances of
water intake, and adding water to the air inlet of the upper pod. were
employed. Subjectively, the monkeys appeared to appreciate such action and
did not make attempts to struggle against their restraint system, which would
bave no doubt further compromised their thermal equilibryium.

(5) The upper hood was removed on several occasions during the test
period.

All of the preceding actions were accomplished as contingency measures
to carry out the full experimental program. The operational versatility of
the pod system in coping with emergency situations and allowing experimenters
to perform tasks of obtaining physiological data without totally compromising
the trial objectives was demonstrated.

Concluding remarks.-~ The time Interval allowed for the mechanical and
electronic integration of the laboratory functioning modules to an airworthi-
ness condition within the instrumentation racks was inadequate to carry out
all aspects of a controlled physiological experiment. In addition, the
monkey pod experiment was essentially riding '"piggy back" on the primary
mission of the CV-990 flights of 3 May through 21 May 1976. Nevertheless,
the opportunity to evaluate the performance of a sophisticated biological
experiment on an aircraft during an operational mission proved to be a
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valuable learning experience for all personnel concerned and furnished the
extension of previous baseline data for the monkey pod experiment system.

The total system functioned effectlvely under an aircraft environoment
with changing temperatures, altitude, vibration, and g loadings, including a
short period of weightlessness. In effect, the handling procedures for
interfacing pods containing monkeys with the balance of the experiment system
were similar to those proposed for future Shuttle Spacelab flight expera-
ments., All instrumentation racks, with the exception of the pods, were set
up previously in the aircraft, access to which was limited. This was
analogous to the Spacelab constraints, which dictate that pre-launch access
might be limited for pericds up to 9 days. The pods were kept at a ground—
based laboratory and, when appropriate, were moved and interfaced with the
instrumentation. Thus, simulation of Shuttle protocols was carried out
wherein experiment organisms would be maintained at a ground laboratory or
on the Orbiter prior to loading into Spacelab. Unloading procedures also
were analogous to those proposed for Shuttle payloads. The procedures used
permit the pods to be ready for loading at any time, regardless of holds or
slips which may arise with any flight program. Furthermore, loading on the
aircraft and connecting to the appropriate instrumentation was accomplished
without impacting on aircraft flight preparation.

On most flights, the number of experiment-related personnel was maxi-
mized in order that they could gain full familiarization and carry out
troubleshooting i1f needed. For the actual in-flight experiment instrument
manipulation fewer people would be needed. There 1s every reason to believe
that one well-trained payload specialist could fulfill the in-flight
experimental tasks within 2 hours each day. A preliminary schedule of daily
in-flight activity for a Shuttle mission would be as follows:

0600 — Lights on for monkeys

0800-0830 - Animal status checks

Change 24-hr urine collector

Food and water status checks
1400-1435 - LBNP tests on 2 monkeys
1435-1530 - Instrumentation calibration checks

1800 - Lights off for monkeys

In addition, the experimental racks containing all the elements used
onboard the CV-990 flights reported here would be more optimally located for
individual observation in the Shuttle configuration. Imn actuality, on the
aircraft flights, the operation of the respiratory gas-exchange instrumenta-
tion was .conducted step-by-step from a typed protocol by a person who had
minimal training for thas activity. Therefore, 2 qualified payload
specialist could readily perform this task. After setting the respiratory
gas-exchange instrumentation in an operating mode, one person would have
ample time to observe the activity or make adjustments for the other racks
involved in the total experiment system. In the case of a power outage while
the mass spectrometer is in operation, the M/S sample inlet valve must be
closed as soon as possible. Power outage did occur during flight operations
and the appropriate steps were taken without damage to the instrumentation.
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A wide variety of data-~retrieval links, including strip-chart recordang,
analog and digital tape, computer printouts, telemetry, and hand-written
observational notes were utilized with the monkey pod experiment. In all
instances compatibility was demonstrated.

Mechanical and electronic upgrading of the experiment modules to accept
aircraft standards did not cause any overall detrimental or diminutional
effects in regard to data acquisition.

The collection technique for clean separation of pigtailed monkey urine
from feces was satisfactorily demonstrated. Thus, excretion rates of
physiclogically important metabolites can be accurately evaluated under a
variety of environmental conditions.

The compatibility of the airborne monkey-pod experiment system with an
inductively powered, implantable, multi-channel telemetry system expanded the
return of viable cardiovascular data. The implantable portiom of the units
are well tolerated by pigtailed monkeys, as was exemplified by #396, who was
surgically implanted on 23 February 1975, and from whose signal output, heart
rate could still be derived during the month of May 1976. WNo losses resulted
from surgical implantation, and all 3 of the male pigtailed monkeys survived
thoracic surgery. As a result of these studies, improvements in the design
are in the offing to reduce the power requirements, improve the stability of
the pressure transducers, and allow greater latitude in energizing coil
placement.

For the conduct of a Spacelab flight experiment, no major obstacles
appear to exist; however, several parts of the experiment system will re-
quire further development. These are:

(1) Miniaturize existing electronic instrumentation to effect savings in
weilght and volume for the total system.

(2) Change pod design to permit in-flight blood sampling.

(3) Incorporate a scrubbing device into the pod system if exhaust gases
are not to be dumped overboard.

(4) Fabricate and test a nutrient-dispensing system capable of
functioning in weightlessness. The water dispenser should be modified to
simplify 1ts function in zero-g.

(5) Develop an LBNP pump and vacuum control system that will satisfy
aircraft safety requirements, and that could be used for both ground-control
and Spacelab flight experiments.

(6) Improve implanted unit to permit continuous operation. The proper
relative position must be maintained between the internal and external coils.
Possible solutions to the coil positioning problem are a) inclusion of an
accese port in the pod enclosure, and b) provision of an external energizing
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coll with a greater field strength over a larger area. The latter approach
has been implemented; evaluation is continuing, but current results indicate
satisfactory operation.

(7) Determine postoperative recovery time for macaques after intra-
thoracic implantation. It appears to be 6 te 8 weeks, approximately 4 weeks
longer than for dogs. The long lead times with chronically instrumented
animals must be considered in planning for flight experiments.

CRITICAL ANALYSIS OF THE APPARATUS, ASSEMBLY,
EXPERIMENTAL PROCEDURES AND MANAGEMENT APPROACH

Introduction.— An initial meeting was held in January 1975, between
members of NASA/ARC Airborne Science Office and Biomedical Research Division,
and a representative of the University of California at Berkeley to discuss
the possibility of flying the monkey pod system aboard the NASA CV-990. A
preliminary proposal was submitted in March 1975, followed by a completed
proposal in July 1975. Final approval for the proposed flights was given in
Januvary 1976.

During May 1976, the monkey pod with associated biotelemetry was flown
as a secondary experiment aboard the NASA CV-990. The purpose of the flights
was to test how well the gystem interfaced with the CV-990 and to analyze the
procedures involved in bringing a biological laboratory experiment under the
discipline imposed by flight schedules and airworthiness requirements. The
primary flight missiom was under the direction of the ARG Flight and Systems
Research Branch and was part of a program to develop operational procedures
and avionics for delayed flap landing approach. Takeoff and landing times, as
well as flight profiles, were designed to support the primary experiment
and strongly influenced both the system integration and operational pro-—

_cedures of the secondary experiment.

Mission objectives and guidelines.— For the monkey biological experi-
ment, the overall objective of the flights was to test the interface between
the CV-990 and the experimental egquipment, and to analyze the in-flight
preparation procedures. Other objectives were:

(1) To examine the management of the experiment under operational
conditions.

(2) To determine the degree of manpower effort required to take the
experiment from a laboratory to an operational environment.

(3) Tc test a recently designed biotelemetry implant within the monkey
pod restraint system.

(4) To develop supporting electronics for the bictelemetry implant.

(5) To detect any interference to or from adjacent operational
electronic systems.
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Mission management.- Decisions om flight dates, takeoff and landing
times, and flight profiles were made by personnel of the Flight and Systems
Research Branch at Ames who were responsible for the primary experiment.
Little or no influence was exerted to alter those decisions. Thus, once the
equipment was installed onboard the aircraft, the experiment was flowm,
whether ready or not. All flights included numerous touch-and-go
computerized landings that at times were of high impact. Sometimes landings
were made at ten-minute intervals over a period of more than an hour, during
which time all personnel were advised to remain in their seats with seat
belts fastened. At times the physical movement of the aireraft hampered
attempts to work on the equipment and induced motion sickness in several of
the investigators. '

The monkey pod experiment was managed by a member of the NASA/ARC Bio~
medical Research Division who acted as principal investigator. Co-
investigators included three representatives from UCB, one of whom served as
test manager. Additional team members included an electronics engineer from
the Electro-Systems Engineering Branch at NASA/ARC, two engineers to
alternately monitor the telemetry equipment, and two electronic technicians.
Personnel from the sheet metal shop and other support activities participated
when required. The electronics engineer, two technicians, and the telemetry
engineers, remained with the experiment through the last flight.

Mission documentation.~ The mission was operated with an absolute
minimum of documentation. A copy of the CV-990 Experimenters' Handbook was
given to the UCB team to serve as a guide for first-~time experimenters. The
handbook proved useful for general orientation but, being somewhat ocut-of-
date, lacked specific information on intrarack wiring specifications, sheet-
metal shelf construction and fastenings, and airworthiness inspection
criteria. As a result, one rack had to be completely rewired because wiring
of the wrong specification had been used, and a metal shelf which had been
gent to UCB from NASA/ARC had to be replaced by a new one custom~designed for
additional strength.

The first of a series of daily experimenters' meetings was held on
27 April 1976. These meetings, which lasted an average of 20 minutes or
less, were the only occasions when problems were aired before an audience
representing all phases of the mission activities. The primary experiment
team usually dominated these meetings. No Experimenters' Bulletins were
issued, nor was any other documentation provided by the Airborne Science
Office with the exception of a planned flight schedule.

The investigators began supplying NASA/ARC with sketches and specifica-
tions for work on the monkey pod and accessories starting in February 1975.
Additional wnformation specific to rack mountings was submitted inter-
mittently. Software assistance was provided by a contractor beginning with
the first joint meeting on 19 March 1976, to establish requirements.
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Supporting electronics.- To integrate the metabolic and telemetry
systems with the aircraft data system, interfacing electronic components had
to be developed. A signal conditioner, a multiplexer, and two 8-channel
strip—chart recorders were needed for processing measurements of the 26
parameters. Inevitably, delays occurred ifi déveloping the electronic
components and the computer programs needed for coupling with the aircraft
data system. Furthermore, delays were subsequently encountered in assembly
and wiring of the components in the racks.

The completed telemetry rack was installed on the aircraft on 30 April.
However, the NASA Principal Investigator decided that it would not be
possible to fly as scheduled on 4 May, since the two remaining racks would
not be installed aboard the aircraft by that time. Instead, the first week's
flight schedule would be used to complete the installation and te test each
subsystem in sequence during flight.

On 4 May the metal tub made to hold the pods was flown on the first
scheduled flight for a vibration check. No problems were found, and on 6 May
one pod containing a monkey was installed, connected to the telemetry rack,
and flown. The results compared favorably with those obtained in the
laboratory. The same results were achieved again in flight on 7 May.

The rack containing the mass spectrometer was installed on 8 May; the
complete experiment was now aboard the aircraft. A system checkout had
begun but was far from complete. The first flight with the system completely
wired and installed on the aircraft was made on 11 May.

Telemetry unit.— The telemetry subsystem was the most thoroughly tested
portion of the equipment prior to flight. Both test subjects had received
implant surgery in March, and the signals from the implants had been checked
after each operation using auxiliary devices. On 29 March the telemetry
receiving unit was successfully flown aboard the CV-990 to determine if any
RFI effects were present. Before the rack was installed on the aireraft on
30 April, signals from one of the implanted monkeys were checked out in the
ASO laboratory and found to be well within acceptable limits.

Monkey pods.— The pods themselves were tested prior to flight by having
the monkeys inhabit them under experimental conditions. An auxiliary pump
provided adequate air flow, and food pellets and water were available on
demand. During this periocd no apparent problems were found.

Mass spectrometer.— The mass spectrometer rack was not completely
checked out before installation aboard the aircraft. Wiring within the
rack was delayed until metal bracketry for mounting shelves and equipment
were made and delivered. Subcontractor-developed equipment was delivered
late, and since some of it was integral to the rack, wiring could not be
completed until it was physically installed. Once the rack was installed on
the aircraft, testing was limited to those times when access to the aircraft
was allowed. In-flight testing was restricted by the necessity of remaining
seated during the numerous touchdowns that occurred every flight. The
coinvestigator responsible for the operation of the mass spectrometer was
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susceptible to motion sickness and did not make all the flights. This
placed the testing burden on the NASA electronics engineer, who operated the
mass spectrometer rack during several flights.

Signal conditioner unit.- The most essential supporting electronics
component was the 20-chanmnel signal-conditioning unit, which was built by a
contractor, This unit did not arrive until 30 April, and since all the data
were designed to pass through the signal conditioners before being recorded,
it was impoussible to test the operation of the total system without it. As a
result, the system checkout did not begin until 6 May, two days after the
first scheduled flight. Rather than keep the mass spectrometer rack on the
ground until a system test was completed, the decision was made to install
the rack on the aircraft and continue testing in proximity to the ADDAS
system.

Another late arrival was the signal conditioner power supply for the
feeder and waterer units, which were delivered on 3 May. Tortunately, there
were no basic deficiencies in the units, but their late delivery put
additional pressure on an already compressed schedule. The first complete
system checkout was completed on 17 May during the sixth fiight of the
mission.

Preflight protocol.-Several weeks prior to the first flight, the UCB
investigators completed a detailed protoecol for preparation of the test
subjects, calibration and operation of the equipment, and installation of
the test subjects aboard the aircraft. The plan spanned one week's
activities commencing with the removal of the monkeys from their holding
cages on Monday morning to their return to the cages on Friday afternoon.
There was little or no deviation from the schedule, and the entire operation
moved smoothly from start to finish each week.

(1) Preparation of test subjects.— Both monkeys were kept in holding
cages 1n a ¢quarantine room of the animal facility at ARC, both before the
conduct of the experiment and over the weekends when no flights were taking
place. The insertion procedure began by injecting the implanted monkey with
ketamine hydrochloride and atropine sulfate to tranquilize it sufficiently to
allow it to be placed in the restraining jacket. The power oscillator and
coll were then sewn into the restraining jacket and aligned adjacent to the
internal coil. TFairly exact alignment of the external and internal coils was
critical for proper signal reception and was always checked with a back-up
telemetry receiving unit at this stage. The monkey was then fastened to the
restraining couch by the restraining jacket and the couch inserted inte the
lower half of the pod and securely fastened in place. This procedure
required at least two members of the UCB team and took approximately 1-1/4
hours to complete.

After the first monkey was secured in the pod, the control monkey was
tranquilized, his chest shaved, and three silver-silver chloride ECG
electrodes wera fastened to his thorax. This monkey was then fitted into a
restraining jacket and inserted into the lower half of the other pod. The
same two members of the UCB team accomplished this in approximately 1-1/4
hours.
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The upper half of each pod was then fastened to the lower, the pods
placed 1n a truck and the monkeys transported to the Airborne Science
Laboratory. When not on the aircraft, the monkeys were kept in the peds in
a quiet corner of the laboratory and supplied with adequate ventilation,
food, and water.

{(2) Installation aboard the aircraft.- The installation of the monkeys
aboard the aircraft before each flight was adversely affected both by the hot
weather and the incapacity of the CV-990 air-conditioning unit. The pods did
not have integral air-conditioning units, and even though power was usually
avallable for the aircraft air conditiomer, the interior temperature of the
alrcraft was quite high., Rather than subject the monkeys to these conditions,
the pods were not inserted until about 1/2 hour before door closing, using a
forklift truck to transport them from the Airborne Science (Office Laboratory.
As a result, the half-hour before takeoff was a frenzy of activity to get all
the cabling, wiring, and hose lines connected once the pods were in place.

No flights were ever delayed, but it usually tock the concerted effort of
four or five men, sometimes including the air-worthiness inspector, teo secure
everything in place.

(3) Equipment calibration.- Once the pcds were installed, it was just a
matter of running two cables back to the telemetry rack to begin the
telemetry calibration. This calibration usually took 15-20 minutes for one
man to complete. Any signal degradation was usually caused by the movement
of the monkey shifting the exterior coil with respect to the interior coil.

The mass spectrometer calibration was originally plammned to be performed
on the aircraft with three gas cylinders of 0,, N,, and CO,, respectively,
mounted permanently aboard. The sheet-metal work required for mounting the
cylinders appeared to be extensive, so the decision was made to place the
cylinders on a cart, wheel the cart to the side of the aircraft, and run
hosing from the cart to the rack in the aircraft. After initial calibration
was completed, the hosing would be removed and the cart wheeled away. In
practice, this procedure took place about 1-1/2 hours before takeoff and
involved at least two individuals. It was not until the seventh flight that
exact calibration was completed, due to noisy reference signals resulting
from interfacing and debugging problems with ADDAS.

Flight results.— The original f£light schedule called for three flights
per week for a three-week period beginning 3 May. The third flight of the
second week was canceled to allow for additional work on a computer of the
primary experiment. Both the flight schedule and the flight profiles were
determined by the Flight and Systems Research Branch personnel at ARC and were
not influenced by the monkey pod experiment. Although members of the experi-
mental team flew on every f£flight, it was not until the fourth flight that all
the equipment was installed abeoard the aireraft.

A typical flight plan consisted of:
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(1) Travel time of 3/4 — 1 hour to a particular airport.
(2) Perform 5-10 touch-~and-go landings.

(3) Travel time of 3/4 hour to another airport.

(4) Perform 5-10 touch-and-go landings.

This would be repeated for a total flight duration of from 4 to 5 hours. On
two flights the destination was Edwards Air Force Base, where all touch-and-
go landings were performed (Table 6).

on the first flight (4 May), two experimenters flew to check the tub
that would hold the two monkey pods to determine if it was subject to
vibration from the aircraft. No other equipment was flown. The test proved
successful.

The equipment aboard the second flight (6 May) consisted of one monkey
and pod and the telemetry rack. The telemetry signals came through clearly
and the only problem was a minor one of the foot restraint bar in the ped
coming loose.

The same equipment was flown on the third flight (7 May) and there were
no problems.

On the fourth flight (11 May) both monkeys and the total system were
flown. On landing at Edwards Adir Force Base, two tires blew out and the air-
craft remained parked on a ramp in the hot sun at ~ 100°F for four hours.
There was no air conditioming on the plane, and the total team effort was
devoted to keeping the monkeys and themselves as comfortable as possible. At
this time there was still no input for ADDAS to check out.

The telemetry unit was still performing well on the fifth flight
(13 May) but the UCB member responsible for the mass spectrometer did not
fly, so the mass spectrometer/ADDAS interface checkout did not get done.

The next scheduled flight (14 May) was canceled by ARC Flight and Systems
Research Branch personnel.

On the next flight (17 May) the telemetry umit was giving erratic
signals for the first half of the £light. The problem was caused by a loose
cable connection to the signal conditioner, and once the connection was
tightened, the unit resumed operatiomn. The mass spectrometer functiomed well
except for calibration problems, with the 0, and N, signals being noisy. A
noisy reference signal was causing the ADDAS not to yield a temperature
readout. The ADDAS printout also indicated the monkeys were eating and
drinking continuously, whereas observation showed that this was not actually
occurring.

The mass spectrometer calibration went well on the seventh flight ;
(19 May) but the 0, and N, channels were still noisy as was the temperature
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TABLE 6

Summary of Monkey Pod Flights

Flight
Date Remarks Problems

5/4/76 Monhes-pod tub only flown to check for No problems.

vibration. No mass spec.

5/6/76 One monkey pod and telemetry only. No No problems. Foot restraint bar came loose - not

mass Spec. properly tightened.

5/7176 One monkey pod and telemetry only HNo No problems.

mass spec.

5/11/76 Two monkeys and telemetry and mass Spec. Only intermittent channels on M/S working Cardio-
tachometer was out, No real interface yet with
ADDAS — no signals to feed in. Monkeys out in hot
sun 4 hrs. Nothing accomplished on M/S today - just
kept alive on aircraft at Edwards in sun.

5/13/76 Two monkeys and telemetry and mass spec. Still no input to ADDAS to checkout. T/M OK. M/S
checkout still not done because coinvestigator
didn't fly and engineer couldn't interpret some
readings.

5/14/76  Flaght canceled by Flight Research

personnel,

5/17/76 Two monkeys and telemetry and mass spec. T/M not working properly - turned out it was a loose
cable to the signal conditicner. Mass spec OK
except for cal problems. ADDAS not giving a tempera-
ture readout. Engineer says this 1s due to his noisy
reference signal. Food and H0 signals cressed -
wrong voltages andicating eating and dranking almost
continuously, ¢, and N signals in M/S noasy.

5/19/76  Two monkeys and telemetry and mass spec. Mass spec cal OK but 0, and N, channels still noisy.
ECG on T/M varying — probably due to shafting coil
in jacket. ADDAS giving wrong signals in primnter
for Pod #2 heart rate, 03 and food rate {preblem due
to miswiring of gain in pre-amp on 3rd rack).
Temperature still noisy.

5/21/76 Two monkeys and telemetry and mass spec. T/M not working well - no signal during zero-g -
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reference signal. The ECG channel on the Brush recorder was fluctuating and
proved to be an indication of trouble to come on the next flight. The
consensus was that the signal fluctuation was caused by the movement of the
monkey which in turn shifted the external coil relative to the imtermal coil.
A lower body negative pressure test was performed on both monkeys in the
supine position at three different pressure levels.

On the last flight (21 May) the telemetry unit which had been con-
sistently working very well until the seventh flight became erratic and did
not produce useful ECG data during the zero—g maneuvers. Except for minor
fluctuations, the test of the system worked well even under two successive
zero-g maneuvers. After landing, a lower body negative pressure test was
conducted again and at this time the telemetry unit resumed proper operation.

Manpower and material estimates.- Past experience has shown that in-
vestigators flying their experiments on the CV-990 for the first time require
a considerable amount of sheet metal work from ARC persommel, This is to be
expected since most academic institutions have neither the personnel nor the
facilaties to perform the work to meet the required airworthy specifications.
The monkey-pod experiment proved to be no exception to the rule. Support
from NASA personnel was needed im the areas of sheet metal fabrication and
electronic design and installation, and without it the experiment would never
have made the scheduled flight date.

(1) Sheet metal fabrication.- The sheet metal shop at ARC provided at
least the following items:

(a) A metal tub that fastened to the alreraft flooring and which
held the two monkey pods.

(b) Metal brackets to fasten the pods to the tub.

{c) Custom intrarack shelving.

{(d) Brackets for intrarack mounting of equipment.

(e) A special waterer container.

(£) Vacuum pump installation and adapters.

In addition, sheet metal persconnel helped install and remove the monkey
pods from the aircraft for each flight. The total manpower contribution from
the sheet metal shop between 5 April 1976 and 22 May 1976, amounted to 354
manhours. The material cost was $227.

Electronic design and installation.— The UCB investigators who brought
their experiment to ARC had little or no electronics background. They also
had no personnel available at their home base to provide such support. To
remedy this situation, a NASA electronics engineer was assigned full time to
the project starting 1 March 1976. This individual provided design,
development, installation, and moral support, and stayed with the experiment
until the end of the mission. He was assisted by two electronics technicians
who worked full time from 15 March to the end of the last flight. Once
again, without this help the experiment would never have been able to leave
the ASO Laboratory.
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Support was concentrated in the areas of:

(1) Monitoring of a subcontract for a 20-channel signal conditioner and
multiplexer.

(2) Fabrication of signal conditioner output terminal strips.

(3) Two feeder/waterer power—-supply units.

(4) A1l intrarack cabling and most interrack cabling.

(5) PCM system configuration, preparation, hardware fabrication, and
wiring.

(6) Fabrication of an interface to the mass spectrometer four-way valve.

{7) Modification to the signal conditioner power supply.

(8) Feeder rewiring and checkout.

The NASA manpower contribution was:

1 Electronics Engineer —~ 556 man-hrs.
2 Electronics Technicians - 359 man-hrs.

The signal conditioner and multiplexers cost $3,000. Cabling cost $500.
The two strip-chart recorders rented for $765/mo. each. In addition to these
items, numerous individuals from the Electro-Systems Engineering Branch
helped out with advice and material support.

Mission problems areas.-

(1) Management.-

4

(a)
(b)
(c)
(d)
(e)

(£)

The project team totally underestimated the complexity and
magnitude of effort required to get the experiment ready.
‘Coinvestigator for telemetry was unable to participate
personally on flights until the last test.

Investigators had to spend a lot of time and effort on following
up requests, plans, etc.

Lack of knowledge of ARC chain of command caused delays in
having hardware made.

The ARC/ASO mission manager was occupied with his prime mission
responsibility and could not devote adequate time to assist the
UCB team to work through the ARC/ASO organization. This was
particularly bad for first-time experimenters.

Assembly of hardware at the Airborne Science Laboratory into
flight configuration began 1 March to meet a 4 May flight date.
The two-month preparation time required an unreasonable effort
by way of extra-time and priority requests.



(g)

The investigators could not exercise any influence over flight
dates or times and had to fly whether prepared or not.

(2) Preflight preparation at UCB.-

(a)

(b)
(c)

Experimenters' Handbook did not provide specific enough informa-
tion on intra- and interrack wiring, shelving, and fasteners.
One shelf had to be discarded znd a new one made up because it
was not strong enough. This first shelf had been provided by
ARC.

Up until only three weeks before moving equipment to ARC, ex—
perimenters thought they were to be allowed only one rack.
Investigators had no idea of how much manpower assistance would
be available from ARC, which made planning difficult.

(3) Problems in preflight preparation and testing at ARC.-

(a)

(b)
(c)

(d)
(e)

(£)

(g)

(h)

One rack had to be completely rewired because the wrong type of
cabling had been used.

Mere guidance on airworthiness requirements was needed.

Wiring was delayed while awaiting bracketry that was late in
fabrication.

Equipment that had been put out for bid was delivered late by
the contractors.

The monkey pods plus the telemetry unit were the only portions
of the system that were checked out in the laboratory before
installation on the aircraft.

The contract programmer assigned to support the experiment was
not available until shortly before start of the flight period.
This resulted in little interaction with the ADDAS system before
flight.

The lack of a supplementary air-conditioning unit for the air-
craft meant that the monkeys could only be installed at the last
moment, which resulted in a rush to secure rack connections
before takeoff.

Once the equipment was installed on the aircraft before being
adequately tested, system checkout and repair became a function
of when the aircraft was available, since the nature of the
flights restricted repair activity while in the air.

(4) In-flight operations.-

(a)

(b)

The mass spectrometer rack was not installed in the aircraft
until after the third flight. Checkout of the interface with
ADDAS was not completed until the sixth flight.

The numerous touchdowns made during each flight meant that the
investigatrors had to remain seated with safety belts fastened.
This hampered system checkout and repairs.
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(c)

(d)

(e)

An unscheduled layover at Edwards Air Force Base on the fourth
flight caused the aircraft to be parked in the hot sun under a
100°F temperature for approximately four hours without any air-
conditioning. The investigators had to devote all their
activity to keeping the monkeys alive.

The telemetry unit which had functioned well during the first
seven flights failed to operate properly during zero-g on the
last flight when the rest of the system finally came up to full
operation.

Operation of the experimental equipment was not adversely
affected by the two zero—g maneuvers during the last flight, nor
were the test subjects,

Apparent problems areas.-—

(1) Equipment design.-

(a)
(b)
(c)
(d)
(e)

Moisture in air line caused H»0 to condense out, and surface of
upper pod and monkeys got damp.

No visible means of checking monkey's seating condition when he
is slumped forward. (Can't see through back of pod to seat.)

No way of checking from outside if feeder is jammed. (Caused by
pellets disintegrating and jamming the opening in feeder.)

Pods should have integral air-conditioning to prevent over-—
heating during ground preparations.

Better method needed of attaching exterior coil to restraining
jacket to prevent movement with respect to interior coil.

Additional support requirements.-

(1) Personnel.-

(2)

(a)
(b)

(c)

Mechanical engineer for pod redesign.

Electronics engineer to evaluate the present system and suggest
improvements.

Electronics technician as permanent addition to staff for
support in field.

Data processing.-—

Addition of microcomputer in ASO Laboratory or integration area
would allow check of total system before going on aircraft. It
would also eliminate many interface problems that would otherwise
develop later during f£light.

(3) Management.-

A full-time experiment integration manager familiar with NASA system

and

technically capable would relieve investigators of burden of

following through on requests and planning to meet deadlines, make
flights, etc.



IMPLICATTIONS OF ASQO EXPERIMENT MANAGEMENT
TO SPACELAB EXPERIMENT INTEGRATION

Mission management.- The primary management document used for the CV-990
missions is the "NASA CV-990 Airborne Laboratory Experimenters’' Handbook."
This publication described in great detail the characteristics of the
aircraft, the computer system, mounting racks, and aircraft performance., The
preposal for participation is submitted by the investigator and includes the
protocol, experiment requirements, and engineering requirements. Once
approved and assigned to a mission with a program manager, there is little
more required in the way of formal reviews of design and schedule. This pro-
cedure has worked quite satisfactorily for rhe ASO with physical experiments.
It did not suffice for the test of biological support equipment and procedures.
The support of living specimens allowed less flexibility in the way of en-
vironmental control, especially when holds or unanticipated failures occurred.
As a result, the animals were subjected to envirommental extremes. There
also was less understanding by biologists of the engineering problems.

During the periocd of instrumentation assembly, many changes were made in
the placement of equipment on racks, and the number of racks made available
to the experimenters was increased. This was all done in the laboratory to
solve problems of airworthiness and to facilitate installation in the air-
craft when it was available. Such alterations in plan frequently occurred
between the engineers concerned with structure or electromics, and the
technician or coinvestigator working in the laboratory at the time.
Frequently the Principal Investigator did not become aware of the change
unt1l the next weekly meeting, and by then other decisions had been made and
new designs initiated, based on the previous configuration. The number of
active investigators and technicians involved in the one biclogical experi-
ment -— because of the many parameters heing measured on the same specimens —
was apparently greater than that usually involved in a single physical or
astronomical experiment.

Interface control, even in the informal and small ASO Assembly
Laboratory is apparently necessary for good biological experiment manage-—
ment. Engineering design review is also desirable, both preliminary and
final, so that changes can be made visible at the time they are ordered.

Such review would also make the decisions of the Airworthiness Inspector more
understandable to the experimenter, who may be uninitiated in such ex-
perimental constraints. In the case of the signal conditioner that was found
necessary after start of assembly, and then designed and built during a
period of good communication between all members of the team, an error was
still made in design voltage. The finished product had a voltage ocutput
capabilaty that exceeded the ADDAS computer maximum. The design had not been
reviewed by the ADDAS group because they were cff on another mission. The
test was completed without control documentation and the informality was a
pleasant experience, but additional control and visibildity would have
alleviated some of the problems that developed.
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Experiment development and integration.- The proposal for this experi-
ment was accepted almost a year after first submittal, partially due to loss
of the original AS0 CV-990 in an accident. During this time, much of the
‘original momentum had to be regenerated for all parties concerned. The
approval occurred 30 January 1976, for a flight starting the first week of
May. The original program plan allowed eight months of development time,
‘which was found to be realistic. The compressed schedule to complete devel-
opment in three months required an all-out effort by everyome concerned. This
included considerable weekend and evening work and made procurement of un—
anticipated equipment extremely difficuli. The test was completed
successfully, and as a one-time effort was found to be a stimulating ex-
perience, but a continued program repeated at regular intervals, such as that
anticipated for Level IV experiment integration for Spacelab, would not enjoy
the continued enthusiasm demonstrated by the workers on this test. In
‘conjunction with the previous section, an early completion of a final review
for the engineering requirements would allow better management of shop
service requests, and that would alleviate many of the fabrication problems
experienced in this test.

Experimenter operator requirements.- The ASQ approach to airborne ex-
perimentation has been to simplify procedures by minimizing automation and
maximizing experimenter participation. This is contrary to the proposed
Spacelab concept, in which a payload specialist will be running the experi-
ments of several ground-based Principal Investigators. In the biological
exper.iment system being evaluated here, it was necessary to have experts
representing each phase of the system. An electrical engineer who had been
assoclated with the telemetry was required for those operations. Biologists
flew on each flight, one each for animal handling, metabolic measurements,
and Lower Body WNegative Pressure testing. An additional engineer, and on
some flights a technician, flew for data conditioning. Much of this manpower
was required because it was necessary to do the system checkout during £light
rather than in the laboratory or on the ground because of schedule con-
straints. 1t was apparent, however, that if one person were to handle all
the operations, he would have to be exceptionally well trained in a very high
fidelity simulator, since most of the in-flight problems that occurred had
never been experienced by investigators in their home laboratories using the
same equipment.

RECOMMENDATTONS FOR SPACELAB LEVEL IV INTEGRATION

Management Requirements for Experiment Integration

Integration of experiments into the Spacelab are to be managed by a
series of steps designated by Levels IV to I. Following the experiment
selection and the development of those experiments to the point where they
can begin integration, Level IV integration is the first step. This is where
experiments are organized into the racks to be flown, and may consist of
entire racks to be fitted together in the experiment module, or as parts of
such a rack, to be shared with other disciplines. Level IV integration of
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1.ife Science animal experiments are to be performed at Ames Research Center,
and medical experiments are to be so integrated at Johnson Space Center.
Level IIT is the installation of racks into an experiment module for rack-to-
rack checkout and is now designated to take place at JSC. After the module
interface testing is completed and approved, the module 1s to be sent to
Kennedy Space Center for installation into the Spacelab, and this is the
Level II operation. The final step — Level I -~ is placement of the
Spacelab into the Shuttle Bay.

With three centers involved, it is difficult to see how the operation
could be reduced to the simplistic management scheme that ASO has been able
to employ for the CV-990. This will be even more true for the Life Science
packages where "upstream-~downstream" interface control is so necessary. In
addition, many of the "Principal Investigator -~ Integration Engineer"
problems prevalent in Skylab will again surface. Visibility and change
control will have to be maintained, but the proposed time schedule calls for
a management scheme that may obviate the documentation and change—order
management previously used by JSC.

From the exercise performed on the CV-990, it was obvious that more
control is required, even for placement of experiments intc the racks to
assure proper interface. That simple test, however, could not have been
completed in the time frame had preliminary and final reviews been attempted
at every stage as it was for Skylab. Principal Investigator participation
and contrel over his experiment will be more important in the Spacelab than
it was in Skylab, so he must be made aware of all engineering changes in the
event it vitiates his experimental approach in a way not recognized by the
integration and design engineers. At the same time, it is important to avoid
retrofits, as they are not only expensive when they impact "upstream-down-
stream" components, but are a chief source of program delay.

Computerized Experiment Management Contrel and Visibility Concept

During the CV-990 test, the concept of a Computerized Experiment Manage-
ment Comtrol and Visibility developed. Documentation for such a management
tool would be limited to program inputs for purpose of approval only. Once
approved, the input would be part of the computer data bank and all users
would derive information from the current updated information bank.

The program can be started with the Experimenters' Handbook, but more
complete engineering details of hard-points, electronics, etc., must be
provided. Accepted protocols, experiment implementation, experiment require-
ments, engineering requirements, and subsequent control documents would then
be incorporated. By having access to a terminal, all persons involved should
then be able to quickly determine current status or interface compatibility
of any element, as well as potential "upstream-downstream' problems.

This is only a concept and requires development to evaluate its utility.
ARC has the capability to develop and test such a program scheme in several
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planning areas. The CV-990 ASSESS program is one such tool for developing a
rudimentary approach. The SMD simulations (10) being performed by ARC in co-
operation with JSC is another potential source for debugging such a program.

It is proposed that such a management program be initiated for a single
typical rack and tested for practicability. A computer-programmed management
scheme such as shown in Figure 12 would require the Level IV Integration
Program Office to direct the activities of only three individuals for each
approved experiment. Each person would then respond by producing pro-
cedures, designs (or a program), hardware or installations, and tests. A
description of each item would be entered in the computer information bank.
The Integration Qffice would then monitor the progress of those directives
through the computer review. All persons would derive their design and
assembly information from the computer to ensure obtaining currently wvalid
data. Management authority would be wmaintained by the Integration Office
controlling 1) Aection Directives, 2) Rack-space Allocations, 3) Change
Orders, and 4) Budget.

The elements within the scheme are similar in some respects to the way
ASQ conducts 1ts program, but are alsoc the basic management documents that
were used to initiate the "M" flight experiments for Skylab. The "scheduled
computer reviews" can replace weekly Program Director reviews and may
suffice for Preliminary and Final design reviews. An important aspect of
the concept is that no documents would be produced but that only a dated
display or printout would be used. Each item in the computer can be labeled
as to whether it has been approved or is waiting approval by the next review.
This allows a generalized RID (response in discrepancy) response by anyone
with access to a terminal. '
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ABBREVIATIONS AND ACRONYMS

* ADDAS Airborne Digital Data Acquisition System
'AP aortic pressure

ARC Ames Research Center (NASA)

ASO Airborne Science Office (at ARC)

ASSESS Airborne Science/Spacelab Experiments System Simulation
CMOS complementary metal oxide semiconductor
CRT cathode ray tube

ECG electrocardiograph

EMT electromagnetic interference

EPL Envirommental Physiclogy Laboratory (at UCB)
™ frequency modulation

I.P.A. Intergovernment Personnel Act

J5C Johnson Space Center (NASA)

LBNP lower body negative pressure

LVP left ventricular pressure

M/S mass spectrometry

MSFC Marshall Space Flight Center (NASA)

PCM pulse—code modulation

PUM pulse-~width modulation

RF radio frequency

RFL radio-frequency interference

R.Q. respiratory quotient

/M telemetry

UCB University of California at Berkeley
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APPENDIX

SUMMARY OF BIOLOGICAL DATA

Respiratory gas exchange.- Respiratory gas—exchange measurements were
carried out in flight on the two test animals, monkeys #174 and #337, by
alternate sampling of the upper-pod exhaust air streams every 15 min for
respiratory gas analysis by a mass spectrometer. As indicated earlier, the
Bioinstrumentation Rack, ineluding the mass spectrometer, was placed onboard
the CV-990 for a "shakedown" flight on 11 May 1976. Respiratory gas-—
exchange data were recorded on strip charts starting with the £light of
13 May 1976, and including the flights of 17, 19, and 21 May 1976. Simul-
taneous recordings of the data on analog tape and elements of ADDAS were
progressively incorporated into the test system during the final weeks of
flights.

Inasmuch as strip charts were the only recorders previously available
for use with the EPL/UCB monkey pod, this recording system, albeit with its
limitations, was considered the primary source of physiological data for the
Cv-990 flights. The strip chart data also served as a frame of reference for
the new experience of analog tape recording and computer-processed data
acquisition. As mentioned above, the analog tape recorder and ADDAS were
introduced stepwise into the data-collection scheme during successive
flights, and near-completion of a fully operational data system was not
realized until the final flight on 21 May 1976. Accordingly, most of the
test results for respiratory gas exchange reported herein were derived from
postflight analysis of strip-chart records. Opportunity for comparisons
between recording systems was provided by the data yield from the flight of
21 May 1976.

Respiratory gas-exchange data are typically collected in the laboratory
over a period of 3 to 30 days and reported on an hourly basis as liters/hr.
However, because the CV-990 flights were only of 2 to 3 hours duration, the
results were computed instead on a minute-by-minute basis in em3/min.
Figures 13 and 14 show such records of respiratory gas exchange for the
flights of 13 and 17 and 19 and 21 May 1976, respectively. Since the
principal aeronauntics objective of the flights concerned new landing
techniques, the minute-by-minute values of cabin pressure (upper-pod
pressure) were also included in the figures to indicate the most obvious
environmental variable during the course of the measurements.

As can be seen from the results, there was a fairly large variability
in respiratory gas-exchange rates; however, some relationship with the
flight profiles may be discerned. The response time of the gas analysais
system is of the order of several minutes, whereas the notable events in
the flight profiles were relatively transient, lasting perhaps no longer
than a minute. The Kepplerian maneuvers resulted in a zero—-g condition of a
few seconds, as shown in Figure 153. As judged by the continuous strip-chart
records of cabin pressure, most of the landing and takeoff maneuvers were
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Figure 13,- Monkey oxygen consumption (Vy,) carbon dioxide production (VCOZ)

and respiratory quotient (RQ), and cabin air pressure (Pg) during CV 990
Monkey #176 and monkey #337 data are
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flights of 19 and 21 May, 1976. Monkey #176 and monkey #337 data are

shown during alternate 15 min periods.
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initiated from level flight at low altitudes and were completed in approxi-
mately one minute. Hence, anything less than major responses of the animals
to the aircraft maneuvers tended to be damped ocut by the buffering effect of
the response time of the system.

Table 7 shows the overall mean values of respiratory gas exchange for
the two animals during each of the flights of 13, 17, 19, and 21 May 1976.
In apparent contrast to the heart-rate data, there was no clear trend in the
results to suggest an adaptation by the monkeys to the experience of aircraft
flight. In fact, the mean values of 02 consumption and CO2 production rates
were highest in both animals during the last flight of 21 May 1976. However,
as mentioned previously, a variety of extraneous stimuli were operative
throughout the course of the flights, and may be expected to have contributed
to a variability in the results, particularly considering the short duration
of the flights.

The one systematic finding in the respiratory gas—exchange data was the
consistently higher respiratory quotient of monkey #174 compared to that of
monkey #337. Monkey #337 consumed less food during the flights, and as
noted earlier, was clearly overweight. The low R.Q. observed for #337 would
seem to suggest he was drawing heavily on his fat reserves to meet his energy
requirements during this time.

At the conclusion of the series of CV-990 flights, the analog tape of
the data from 21 May 1976 was replayed in the laboratory and recorded on
strip charts to evaluate the quality of tramscription. A representative
20-min segment of the playback was selected for comparison with the corres-~
ponding segment in the original direct strip-chart recording. As can be seen
in Table 8, the values obtained from reading the original and transcribed
strip—chart records were quite comparable. Some 60-~Hz noise detracted some-
what from the aesthetic quality of the tape transcription in a few of the
channels, but had no impact on the reading of the records which were other-
wise very faithfully reproduced.

The reduction of strip-chart data for respiratory gas—exchange measure-
ments involved a laborious and highly subjective procedure of reading the
records and converting the readings to physiological units, followed by a
series of simple yet time-consuming arithmetic operations. TFor the CV-990
flights, the Airborne Digital Data Acquisition System was available not only
to digitize and log the signal outputs from all of the instrumentatiomn, but
alsoc to automatically average and convert the raw voltages to physioclogical
or engineering units. Furthermore, the system was programmed to take the
resplratory gas—exchange parameters in physiological units and carry out the
several secondary arithmetic operations to yield the final results; i.e.,
the O, consumption and COp production rates in flight on essentially a
real-time, minute-by-minute basis.

Table 9 shows a comparison of O, consumption and €Oy production rates
of the two test animals for the flight of 21 May 1976, computed on the one
hand from postflight analysis of strip-chart records, and, on the other, by
ADDAS on a real-time basis during flight. The mean values of 0, consumption
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TABLE 7

SUMMARY OF RESPIRATORY GAS EXCHANGE MEASUREMENTS ON 2 PIG-TAILED MCNKEYS DURING CV 990 FLIGHT

0, Consumption

(em3/min, STP)

CO2 Production

(cmB/hin, STP

Respiratory

Quotient

Mean
Range

S. D.

13 May 1976
(#TEY  (#337)
90.1 91.3
59-130  50-167
12.3 32.1
g1 85
73.5 674
53114 38-115
11.5 19.7
g1 85
0.815 0.754
0,689~ Q.64
1.034 0.889
0.046 0.07L
81 85

17 May 1976
(A7) (#337)
843 87.7
76-91  69-108
Lodp 10.1
28 L5
68.6 62.9
5876 50-77
L.8 6.7
28 45
0.814 0.719
0.753-  0.651-
0.904 0.930
0.044 0.044
28 L5

19 May 1976
(#74)  (#337)
95.6 97.0
T1-148 83-138
17.2 12.1
68 68
8l.7 71.0
66-143 63-106
16.6 8.7
68 68
0.857 0.733
0.680- 0.663~
1,040 0.8L5
0.100 0.026
68 68

21 May 1976
(F74)  (#37)
109.6 102.2
86-155 82-132
14.3 12.3
15 73
91.0 75.2
h-135  62-120
12.6 11.9
75 73
0.831 0.732
0.730-  0.654—
1.011 0.909
0.054 0.045
75 73



TABLE 8

Comparison of values® for some selected vespiratory gas exchange parameters derived from (a) a direct
strip chart recording and (b) a strip chart transcription or replay of an analog tape recording
obtained during CV-990 flight of 21 May 19876,

Upper Pod M/S Inlet

G.M.T. HMonkey No, Exhaust Air Exhaust Air Mass Flow Pressure Temperature

Fo, Feo, (em3/min} (torr) (°c)

(a) (bl (a) (b} (a) (b) (a) (b) {a) (b)

19:47 Simple (#337 0.1878 0.1881 0.0110 0.0114 7000 7000 632 831 26,0 26,2
:h8 0.1878 0.1876 0.0110 0,0114 7000 7000 632 631 25.8 26.0
149 0,1884 0.l88l 0.0110 0.0109 7000 7000 632 631 25.8 26,0
:50 0,1883 0,1887 0,0110 0.0109 7000 7000 632 631 25.6 26.0
:51 0.,1883 0.,1887 0.0110 0.0109 7000 7000 632 631 25,6 2B6.0
152 0.18%4 0.1892 0.0089 0.0103 7000 7000 832 631 25.6 26,0
153 0.1900 0.1897 0.009%9 0.0098 6900 7000 622 621 25,6 26,0

+ 5L 0.1889 0.1887 ¢.0116 0.0109 8700 6700 601 604 25.6 26.0
:55 0.1889 0.1887 0.0104 0,0109 6800 6700 610 612 25,6 26.0
156 } ' 0,1894 00,1892 0.0104 0,0109 6300 6800 618 618 25,8 26,2
157 Exeter (#174) 0.1836 0.,1840 0.0163 0.,0162 7100 7100 620 622 26.0 26.4
158 C.1l847 0,18u45 0.0157 0.0156 7100 7100 622 622 25.3 26,0
:59 0.1857 0.,1855 0.0152 0.,0151 7100 7100 624 624 25,1 25,86
20:00 0.1852 0,1851 0.0157 0.0156 7100 7100 624 624 24,7 25,3
:01 0.1852 0.1851 0.0152 0,0151 7200 7100 628 628 24,3 25.1
102 0.1852 0,1851 0.0152 0,0151 7200 7100 628 ©628 24,2 24,9
103 0.1852 0,1851 0.0163 0,01862 6900 6900 6l2 613 24,2 2u4.9
104 0.1857 10,1855 0.0152 0,0151 7000 7000 620 622 24,0 24,7
105 0.1868 0.1871 0,0141 ¢,01u40 7200 7100 626 627 23.8 24,7
106 0.,1873 0,1871 0.0141 00,0140 7400 7300 634 632 24,0 24,7
Mean 0.1872 0.1870 0.0130 0€.0130 7030 7005 624 624 25.1 25.6

oy . R . .
H % Results normalized with respect to amplification on strip chart recorder.
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TABLE 9

Comparison of 02 CONSUMPTION RATES (cmS/min, STP) of 2 pig-
tailed monkeys during CV-990 flight of 21 May 1976, computed

(a) from post-flight analysis of strip chart records and
(b) by ADDAS on a real-time basis in flight.

(a) (b)
Exeter (#17u) Mean 109.6 106.3
Range 86-155 86-132
5.D. 14,3 11.86

n 75 71
Simple (#337) Mean 102.2 100,2
Range 82-132 82-12y4
5.D. 12.3 10.5

n 73 70

Comparison of CO2 PRODUCTION RATES (cm3/min, STP) of 2 pig-
tailed monkeys during CV-990 flight of 21 May 1976, computed
{a) from post-flight analysis of strip chart records and

(b) by ADDAS on a real-time basis in flight.

(a) (b)
Exeter (#174) Mean 91.0 81.4
Range T4-135 65-119
S.D. 12.6 11.5
n 75 71
Simple (#337) Mean 75.2 65.3
Range 62-120 53-91
S.D. 11.9 8.9
n 73 70



rate were reasonably close. The CO» production rates, however, were
surprisingly dassimilar, with those computed by ADDAS some 10-15% lower than
:calculated from the strip charts. Inasmuch as the respiratory quotients
;obtéined from the strip-chart data appear to be within reasonable limits,
‘whereas those computed by ADDAS seem low, one is inclined to attribute the
discrepancy to an underestimate of COs production rate by ADDAS. It is clear,
however, that the problem is experimenter induced, and not associated with
the soft~ or hardware.

Following verification of input/output voltages and debugging of
programe during earlier flights, the on-line computation of respiratory gas
exchange was given g final checkout just prior to the last f£light on
21 May 1976, using sample calculations. The signal conditioner was used as
2 multichannel, constant-voltage scurce to simulate the simultaneous sgignal
inputs from the mass spectrometer and mass flowmeter to ADDAS. After the
calibration factors were entered, cabin air composition was entered as
voltages, converted to gas fractions, and stored as constants. The computer
was then placed in the "run" mode and a set of voltages representing the mass
spectrometer signal outputs for the gas fractions of pod exhaust air and the
mass flow of air through the pod were generated by the signal conditioner.
At the same time, the signal outputs were monitored and recorded from a
digital voltmeter for manual calculations.

Owing to a limitation in the number of channels available, the signal
outputs for the respiratory gas fractions from the mass spectrometer were
multiplexed and recorded on a single channel of the strip-chart recorder.
Each of the 4 gas fractions was measured for 15 sec out of each minute.
ADDAS, on the other hand, had no limitation on the number of channels and
recorded the gas fractions individually and continuously. Thus, the 2 sets
of data are, in fact, not really identical. The difference in CO, production
rates, however, would appear to be much larger than could be accounted for by
a difference in sampling duration.

It is possible that the calibration factors, units/volt for ADDAS and
unitg/chart division from the strip charts, were not exactly equivalent for
the gas fraction FCO , with that of ADDAS erring on the low side. For

2

example, the voltage readings taken during the pre-flight calibration period
for the full-scale value of CO» may not have been sufficiently representa-
tive, with the result that the calibration factor entered and stored in ADDAS
may have been inaccurate. "Representativeness' is more obvious on a con-
tinuous tract of a strip chart record.

Even more suspect, however, is another constant entered in the

computer, namely, the gas fraction FCO2 for cabin air. Again, the voltage

reading from which the CO, content of cabin air is derived and stored was
taken during the pre-flight calibration period znd may not have been
appropriate for use during flight. In addition to the ever-present spectre
of operator error, there is the distinct possibility that the cabin air
composition was actually different before and during flight. The experiment
area on the aircraft was typically congested with traffic and activity during
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the pre-flight period. Given the relztively small and unventilated cabin
space of the parked aircraft, the FCO2 may well be expected to have been

somewhat high. The strip chart record for cabin air composition was
obtained while the aircraft was taxiing and during the first few minutes of
flight before the gas sampling system was switched over to monitor the gas
outflows from the pods. With the aircraft now on its own power and air
conditioners in operation, the cabin air composition may then have been more

typical. 1In fact, the FCO of cabin air used by ADDAS was 0.0012, whereas
2

that for the calculations from the strip charts was 0.0005. For an FCO
2

of 0.0090-0.0100 in the exhaust air from the monkey pods, the difference in

cabin air Frg. would introduce a discrepancy of nearly 107 in the AFCO and
2 2
hence in the CO, production rate.

In less unusual circumstances, under more controlled conditions — free
of the distractions attending power interruptions, without the operational
constraint requiring completion of calibration procedures before aircraft
door closure, etc. — greater care could be taken to ensure reliable calibra-
tion factors and constants for the onboard computer. Given accurate infor-
matlon, a system such as ADDAS 1s clearly a far superior data system than
strip-chart records. In addition to the obvious advantage of obtaining
processed and finished physiological data on a real-time basis, its fidelity
may be as much as 2 orders of magnitude better than that of a multi-channel
strip-chart recorder, which necessarily will result in better data. In any
case, the above problems notwithstanding, useful information was gained from
the CV-990/ADDAS experience and the evaluation of these test results.

Cardiovascular measurements.— Heart rate was obtained from monkey #174
by the application of bi-polar silver/silver chloride ECG leads to the thorax
just prior to insertion into the pod. Heart rate from monkey #337 was
obtained from the telemetry ECG output signal. Both ECG signals served as
inputs to Brush biotachometers which gave heart rate as output signals to a
strip-chart recorder.

A variety of minor electronic and mechanical interference problems
during the flights resulted in spotty heart-rate data return. The usable
minute-by-minute heart rates from the two animals during the four flights on
13-2]1 May are plotted in Figure 16. While the results are far from being
totally satisfactory, nonetheless they are sufficient to demonstrate that the
physiological condition of the animals was generally stable during the
flights. Tt may also be concluded that with more time and attention in
system preparation than was available in the present circumstances, totally
satisfactory in-flight heart-rate recording could have been achieved readily.

The online computation of both heart rates and the upper/lower pod
differential pressure was accomplished by the ADDAS system. Sixty samples
per second of signal voltage outputs were read by the ADDAS system and used
to compute minute averages for each of the 3 parameters. These averages were
initially printed out on a CRT display and later in the flight as hard copy
on a line printer located on the EPL/UCB Data Acquisition Rack.
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Figure 16.- Heart rates of monkey #174 (skin electrodes) and monkey #337
(1mplanted biotelemetry) during CV 950 flights of 13-21 May 1875).
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The program for the computation of heart rate was to have included high
and low heart rate limits selected by the experimenter, beyond which values
would not be included in the computation of the minute rate. The number of
values used in the computation (60 or less) of the average was to be printed
also. The final program included only a high heart rate limit, and this was
selected to be 250 beats/min (full scale) throughout the flights. The
program for heart rate worked well during the flights, as shown in Table 10.
Mean heart rates from the ADDAS and the strip chart records differed on the
average by only 3 beats/min for both pods, with the ADDAS values usually
lower than the estimates from strip chart records. The high~limit cutoff on
heart rate helped to prevent ECG artifacts from being included in the heart
rate computation. A similar low-limit cutoff at about 100 beats/min would
have helped eliminate the inclusion of wvalues in the computation when the
cardiotachometer was not able to count R waves due to a poor ECG signal
input.

From the biotelemetry data, an interpretation of the cardiovascular
responses can be made for heart rate, left ventricular and aortic pressures.
Assuming that the nadir of the ventricular pulse represented zero torr and
that the extent of the zero-cal span represented 100 and 180 torr,
respectively, regardless of the sensitivity setting on the recorder channel,
a peak left-ventricular pressure could be determined. This peak pressure
would in turn be the same as the aortic systolic pressure, and by calibration
with the indicated zero~cal span on the aortic pulse-wave channel, aortic
pulse pressure and diastolic pressure were estimated. Heart rates were
determined by counting the number of pulses per unit time during the identi-
cal period that the pressures were calculated.

Some data on all parameters were derived at various stages of flight
activity. Heart rates ranged from a low of 129 to 216 beats per minute,
peak left-ventricular pressure from 118 to 200 torr, aortic diastolic
pressure from 81 to 127 torr, and aortic pulse pressure from 32 to 55 torr.
The higher levels of these observations were obtained either durang the first
week of the flights, or when the monkey struggled against his restraint
following initial placement in the supine position and the application of
lower body negative pressure. These extremes were of a tramnsient nature.

A sumnary of telemetered cardiovascular measurements for a series of
observations on 11, 17, 19, and 21 May made under similar conditioms of
level flight while the pod was positioned upright with the monkey relatively
undisturbed is shown in Table 11. It would appear that the test subject
became more accustomed to the enviromment with successive flights. Table 12
contains a summary of observations obtained during delayed flap maneuvers of
the CV~990, Although initially there seemed to be some differences in
cardiovascular performance during the 3 aspects of this maneuver, that is,
the descent, touchdown, and subsequent ascent, the mean values for 10 obser-
vations showed very slight or no change. On the other hand, the levels of
these measurements did decrease with each succeeding flight day, as did
those observed during level f£iight., However, they tended to be higher on the
average than those observed during level flight.
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TABLE 10

Comparison of 1 min average heart rates (beats/min) from
sample ADDAS and Brush strip chart records during the
21 May 1976 CV-990 flight.

Greenwich Strip ADDAS
Mean Time ADDAS Chart Strip
(hours:min). Computation Estimate Chart
Pod #1 18:44 216 220 -4
18:u45 212 214 - 2
1B:46 215 214 + 1
18:u7 208 210 -2
18:u48 214 217 -3
18:45 21 217 - 3
18:50 211 215 - 4
18:51 206 213 -7
18:52 201 205 -4
18:53 202 200 + 2
Mean 210 213 -3
Pod #2 18:52 186 190 - 4
18:53 181 187 -6
18:54 180 185 -5
18:55 178 180 -2
20:57 146 1u9 - 3
20:58 150 152 -~ 2
20:59 150 152 - 2
21:00 147 150 - 3
21:01 iu6 lu8 - 2
21:02 151 152 -1
Mean 182 165 -~ 3
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Biotelemetric cardiovascular data from the pig-tailed monkey
#337, Simple, during level flight with the pod in the upright

TABLE 11

position.
Peak Left
Ventricular Aortic Pressures
Date Heart Rate  Pressure Diastolic Pulse
{(beats/min) (torr) (torr) (torr)
11 May 76 Mean (6)* 154 147 108 39
Range (150-156) (133-156) (91-118) (37-42)
17 May 76 Mean (u)* 136 136 a8 38
Range (129-14Y4) (133-141) (95-100) (36-41)
19 May 76 Mean (u)* 137 127 87 39
Range (126-114) (123-131) (81-93) (35-42)
21 May 76 Mean (9)* 132 122 88 3u
Range (129-138) (118-130) (84.-96) (32-34)

{ ) Number of cohservations included in the mean.



TABLE 12

Biotelemetric cardiovascular data from the pig-tailed monkey
#337, Simple during delayed flap maneuvers of the CV-990.

Peak Left
Ventricular Aortic Pressures
Heart Rate Pressure Diastolic Pulse
(beats/min) (torr) {(torr) (torr)
Descent Mean (10)% 143 14l 103 38
Range 138-156 126-165 92-127 3412
Landing Mean 1y iyo 101 38
{10 sec period
before and after Range 135-159 122-151 88-113 3y-42
touchdown)
Ascent Mean (10)% gy 139 100— 39
Range 135~-159 122-151 88-113 3444

( Y* = number of observations included in the mean

on 11 May 76
on 17 May 76
on 19 May 76
on 21 May 76

10 Total

Iprp N
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Monkey condition and nutritional intake.- The procedures for monkey
insertion and removal have been discussed in previous sections. In con-
sidering monkey behavior, it was noted that both monkeys were subjected to
environments that would not usually occur in the conduct of an optimum
experiment without the constraint of time encountered. These situations were
reflected to some extent in the physical condition of the monkeys, particu-
larly in their body weight when compared to previous trials. Both animals
were over—conditioned prior to initial insertion in the pods. Rates of
weight loss were greater from 5-14 May than during the last week of the
flight schedule, as shown in Table 13. However, recovery periods in the cage
following removal were within normal limits, and no leg edema or loss of
kinesthetic activity was evident.

On 7 May 1976, upon removal from the pod, a mid-dorsal skin lesion
(5 cm ¥ 5 cm) was noted on #337. The abrasion was treated with Furacin(R)
ointment. The causative factor was believed to have been mechanical or
thermal, resulting from the placement of the external energizing coil or the
power oscillator module of the biotelemetry subsystem. For the next in-
sertion of this monkey, the power oscillator was mounted in a more posterior
position on the couch. The energizing coil terminal to connecting electronic
wiring had several abrasive areas. As a palliant, this junction was wrapped
with several lavers of tape. In addition, the application of power input in
activation of the system was minimized to prevent overheating. No further
decrement cof the skin lesion occurred during the balance of the period when
he was placed within a pod from 10-14 May and again from 17-21 May. On
17 May, #422, who was originally scheduled for the final week of flights,
required clinical attention and was deemed unsuitable for pod insertion.

Excreta collection and handling.— As a part of the monkey insertion
procedures, a silicone tube was placed over the penis and secured distally
to a urine collectien bag (Curity(R) 2,000 ml bag Code No. 3057) mounted on
the back of the lower leg section of the couch. A drainage tube with
spring—-clip occluder led from the bag and comnected with a fitting on the
lower—-pod anterior central aperture. To collect a clean, timed, uncontami-
nated urine sample, the fitting was removed, the drainage tube occluder
released, and the urine removed. In an attempt to utilize a system which
should function in zero-g, a syringe was used to evaluate the urine sample.
Observations were made daily through the lower-pod window, and upon monkey
removal from the pods there was no evidence that leakage occurred. In
addition, this separation of the urine from feces tended to reduce the
production of obnoxious ocdors. When the silicone tube was detached, no
irritation to the penis was apparent. The silicone tubes following use from
10 to 14 May were cleaned and replaced on the same monkeys for collections
of 17 to 21 May.

Biotelemetry.— The postoperative course following implanation was
generally smooth except for late breakdown of the skin at the incision site
in the two f{light animals. Detailed hematological and related data on the
two Macaca nemestrina animals prepared for the flight test are contained
in Table 14. The most consistent changes were decreased weight, subsequently
remaining stable, and anemia, resulting from blood loss during surgery.
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TABLE 13

Monkey body weights at insertion into and removal from the
pods during the periods in which CV-890 flights were made.

Monkey Date Action Body Weight  Body Weight Change
(kg) (kg) (%)

#337, Simple 5 May 76 Insertion 14,45
7 May 76  Removal 13.85 - 0.60 4,2

#337, Simple 10 May 76 Imsertion 13.85
14 May 76 Removal 13,15 - 0.80 3.7

#174, Exeter 10 May 76 Insertion 11.50
14 May 76 Removal 10,72 - 0.78 6.8

#3837, Simple 17 May 76 Insertion 13.30
21 May 76 Removal 13.20 - 0,10 0.8

#174, Exeter 17 May 76 Insertion 10.70
21 May 76  Removal 10,60 - 0.10 1.0
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TASLE 14

History of the Experimental Monkeys
M. nemestrina

Est.

Plasma
Animal Date, Year age, Welght, Hct, Hgb, RBC, WBC,
no. 1976 acquired yr kg 4 gz x 10% x 10° pri;?in’ 222’ Comment
337 3/23 1969 15 16 44 15.¢ 5.5 8.9 7.4 Flight animal
3/24 Surgery
3/31 14.25 32 10.5 4.0 13.3 6.9 13
4/2 33 11..5 5.5 19.1 7.7
4/8 34 9.8 4.8 1l.4 7.4
4/27 14.5 39 13.4 5.0 11.9 7.8 Begin f£lights (5/6)
5/5 14.5
5/10 14.4
5/17 14.5
5/24 38 12.7 5.7 10.6 7.5 End flights (5/21)
7/26 14.4 47 13.1 6.1 6.9 7.0 13
8/9 13.8 42 11.8 6.2 14.9 8.2 15 Healthy, unit working
) 3/31 1974 9 11.8 42 13.0 5.9 6.7 7.2 Backup animal
4Lf6 Surgery
4715 10.5 (42)2 10.6 5.0 21.0 7.9
4/27 10.5 32 10.4 4.2 11.6 8.3
5/24 34 11.6 5.0 11.6 8.1
7/9 Sacrificed

aAccuracy questionable.



Progressive recovery and return to normal is apparent. X-ray examination
showed a left lower lobe infiltrate which gradually cleared. The time to
recovery with normal hematology and X-ray findings was 6 to 8 weeks. The
tissue changes were those expected with thoracic surgery and placement of an
implanted device, and the unit was satisfactorily tolerated.

Failure modes of the telemetry system have been variable and of the type
likely to occur with any instrumentation inside the body for a long period.
In three cases, transducer leads eroded at a tie-down point. Occasionally,
internal electronic components have failed. In general, the implant ex-
perience indicates the type of improvements needed in future units. Overall,
the system operated as designed.

Tn the airborne simulation of a space flight experimental enviromeent,
eight flights with over 50 takeoffs and landings were conducted over a lé6~day
period. The five initial flights were made primarily to check out the
onboard recording system. The implanted unit always produced signals. For
the final week (three flights), monkey #337 was fitted with a vest con-
taining the energizing coil and sealed into the pod. Data were obtained and
recorded con each of the three flights.

Application of lower body negative pressure (LBNP).- As part of the
objective of making cardiovascular measurements during the CV-990 flights,
1t was planned to record the heart-rate response to lower body negative
pressure on both monkey subjects during flight. LBNP produces a redistri-
bution of blood from central to peripheral reservoirs and thereby serves as a
provocative stress to the cardiovascular system under both 1- and zero-g
conditions., LBNP 1s typically applied with the subject in the supine
position at 1-g so as to induce a postural redistribution of blood. At
zero-g the response to LBNP is independent of body pesition and is an
effective and simple technique for assessing the state of the reserve
capacity of the cardiovascular system. During previous studies, it has been
determined that an incremental LBNP test consisting of 5 min each of 40, 50,
and 60 torr was sufficient to produce a significant heart-rate increase
during at least one pressure level for any individual monkey. It was also
determined that a 15-min control and recovery period was necessary to define
the baseline heart rate and to allow return to that baseline after LBNP.
After tilting each subject to the supine position, a 30-min period prior to
beginning the collection of control data was allowed for stabilization of
cardiovascular parameters, since the tilt process itself is a stressful event
for some subjects. :

The capability of tilting each pod to the horizontal position for con-
ducting the LBNP test was included in the design requirements for the monkey
pod rack. The maneuver was accomplished simply by removing a holding pin,
tilting the pod, and replacing the pin in another hole. This system worked
very well throughout the flight. ZEven though the urine-collection system was
designed to collect all the urine, the possibility existed of some urine
leakage at the monkey/catheter interface with the pod in the horizontal
position. "o prevent any extreta from entering the lower pod air inlet port
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during tilt, polyvinyl chloride tubes were inserted into the ports from
inside of each pod during pod assembly to act as standpipes. HNo excreta
entered the ports during the flights.

In-flight LBNP tests were performed during two flights of the sgeries.
On 13 May a preliminary 5-min test was completed with the control monkey,
#174. During this test it was determined that the 28 Vdc LBNP pump was able
to generate a maximum uppexr/lower pod differential pressure of only 6 torr.
On 21 May, 5 min of 5-torr LBNP was applied to both monkeys during flight to
teskt the data interface with the ADDAS system.

CGround-based LBNP tests on board the CV-990 were conducted on both
monkey subjects on two occasions. The incremental LBNP test was performed
preflight on 19 May following the protocol. Several 2- to 3-min tests at
60 torr LBNP were conducted postflight on 21 May.

A summary of the heart-rate responses to LBNP during ground-based tests
on the two monkeys is shown in Table 15. These data appear similar to test
resulls typically obtained at EPL/UCB from monkeys only minimally conditioned
to supine LBNP and/or under circumstances where environmental disturbances
(noise, proximity to humans) produce behavioral effects on heart rate.
Control heart rates recorded previously on these two subjects during 3-5 day
pod tests in the upright position, but under less disturbing conditions, were
35-40 beats/min lower than those seen during the supine LBNP test control
period or in the upraight position on the CV-990. Both monkeys exhibited
signs of being stressed (struggling, chewing on feeder handle, etc.) during
the supine control and LBNP periods.

The incremental LBNP test conducted preflight on 19 May was conducted
under conditions unfavorable for obtaining good data. During the LBNP tests
sever.al persons were actively involved in calibrating portions of the in-
strumentation directly adjacent to the pods. The rather erratic and minimal
heart rate response to increasing negative pressure levels seen during this
test may have been partially due to the effect of leg muscle contraction
during struggling, which would lessen the quantity of blood pooled.

The postflight LBNP tests conducted on 21 May took place with the
CV-990 nearly empty and relatively quiet, and the quality of the heart rate
data was improved. On this final flight day there was mot enough time
postflight to conduct the full 100 min two-pod LBNP protocol as planned
because of the CV-990 schedule requirements. Also, the monkey with im-
planted biotelemetry, #337, was providing cardiovascular data output only
intermittently because of positioning problems with the external energizing
coil. A series consisting of four 60-torr LBNP tests of 2-min duration was
conducted on this subject in an attempt to gather comtrol and LBNP data
during the short periods of adequate data output. It was hoped that the
higher pressure level would give a significant cardiovascular response
during the shorter duration.

Sequential applications of LBNP at 60 torr produced heart-rate
increases in monkey #337 of 65, 50, 35, and 50 beats/min, for an average
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TABLE 15

Effect of supine LBNP on heart rate in 2 monkeys
during ground-based tests during the CV-390
flight experiment,

Heart Rate (beats/min)®
LBNP (torr)

Date Monkey Control 4o 50 60 Recovery
19 May =

#337 162 168 162 2156 156

#1774 185 195 195 195 180
21 Ma}[***

#337 175 - - 225 178

174 175 - - 225 180

* A1l data obtained during last minute of control, LBNP
and recovery periods.

%% LBNP tests on this day consisted of 5 min at each of
three pressures.

#¥%k LBNP tests on this day consisted of 2 min at 60 torr only.
Data for subject #337 is mean of 4 tests.
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increase of 50 beats/min. Monkey #174, during a single identical test, had
the same heart rate increase. Previous studies at EPL/UCB with a group of
five normal pigtailed monkeys tested three times each showed a mean heart

rate increase during 5 min of 60-torr LBNP of about 50 beats/min (range of

30-75)..

The in-flight LBNP tests at 6 torr conducted on two occasions did not
produce any significant cardiovascular changes due to the low pressure
differential. These tests, however, were useful in testing the ADDAS online
computation of upper/lower pod differential pressure during flight, as part
of the plamnned LBNP-ADDAS program checkout.

A preliminary look at the telemetry cardiovascular data from monkey #337
on 19 May suggested decreases 1n aortic systolic and pulse pressures pro-
portional to the level of LBNP applied.

A typical in-flight record is shown in Figure 17, and the effect of
lower body negative pressure (LBNFP) in Figure 18. In-flight heart rates
averaged 135 beats/min, and arterial blood pressures averaged 135/90 mm Hg.

Distance between the coplanar external and internal coils could vary
about 2.5 to 4 cm, with a small degree of relative motion tolerated without
loss of signal. Larger variations in these relationships caused transient
gignal loss.

During the prolonged period of confinement, the jacket and oscillator
supply for the energizing coil within the pod caused skin irritation, and on
one occasion a pressure point over a vertebral process produced a slough of
skin 2 cm in diameter. This cleared without complications.

Discussion.— The results indicate that the simulation was successful.
The telemetry system operated within the design limits, there were no radio-
frequency interference problems, and valuable experience was gained which
will aid future planning for flight experiments.

A major improvement for future development of the telemetry system would
be circuitry with less power consumption. Decreased power requirements would
decrease the amount of energy to be transferred and would permit greater
latitude in placement of external energizing coil. Increasing the
energlzing coil size and the power supplied to it is alse important, as well
as providing a longer cable length sc that the energizing oscillator could
be located cutside the pod. These changes are relatively easy to implement.

Other refinements needed in future units include increased stability of
the oscillator frequency with less susceptibility to failure at low power
levels, improved transducers with decreased zero drift, reinforcement at
stress points, and smaller overall size of the implanted electronics package.
Frequency stablility would reduce the need for receiver tuning and would
simplify operation. More stable miniature transducers would remove the need
for capacitive coupling and the associated long time constant following power
interruption. Smaller overall package size would reduce the extent and
duration of the intrathoracic changes.
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confined within the pod (#337).
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Monkey skin does not tolerate trauma nearly as well as dog skin. At
least 2 months should be allowed for surgical recovery before pod insertion
to reduce susceptibility to skin irritation from jackets or other items
placed on the animal. Foreign materials over the skin should be minimized,
and a protective layer should be provided with extensive padding coupled with
careful skin hygiene. An access port in the monkey pod restraint system must
be provided to permit this care. A suitable appreach could be the arrange-
ment used in the glove-box or germ—free animal enclosure.

Some other details regarding the working environment should be noted.
In the confined quarters of an aircraft or similar situation, device
controls, recorder displays, and similar jtems directly related to the
speciiic experiment must be clustered with minimal distance between them,
and such items must be located at a convenient work height.

The technologic advances permitting the miniaturization needed for the
implanted telemetry unit and its successful operation without an implanted
power source forecast similar units for even smaller animals, with energy
received from coils located in the wall of the cage (9). Alternatively, for
larger animals, a selection of modules with a range of transducer types could
be made available. The necessity of changing experimental designs could
then be met by implanting various combinations of modules without requiring a
completely new multichannel system for each type of experiment.

This system expands the capability of obtaining the more meaningful data
provided by study of awake animals in a wide variety of conditions,
particularly omboard future space flights and in similar stressful enviroan-
ments.
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