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SUMMARY

The purpose of the Crew Systems Division (CSD) 20-ft chamber
facility was to provide a simulated Skylab Orbital Workshop atmos-
phere which could be sustained for a period of 56 days to permit
evaluation of the Skylab medical experiments.

The ability of the facility to perform sgtisfactorily for the
test duration without test interruption is primarily attributed tp_"
built-in system redundancies and to thorough trainiﬂg of test‘support
personnel in all aspects of test operations. The sﬁccess of a test
of this complexity, ;equiring support throughout the Center, is greatly
dependent upon a strong management team. This management was provided
by the Test Operations Management Committee which met daily to resolve
numerous previous day problems and revise the on-going day activities.

The test provided the opportunity to identify potential hardware
problems which could have impact on Skylab fiight hardware. Resolution

of these problems at this time will provide the time for analysis and

resolution prior to Skylab missions. A higher degree of confidence

was gained in the ability of the medical hardware to support fhe
Skylab ofjectives. Skylab Fiight Control personnel and principal
experimental investigators participated in SMEAT under simulated
manned space flight network (MSFN) conditions to evaluate their
support for actual Skylab missions. This experience should provide
for improved support of Skylab. The control and management of non-
metallic materials was aided by'a camputer program which was highly

successful and is recommended for future manned tests and missions.
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In so far as the SMEAT application to Skylab,, other than the
medical experiments which are covered-in'a separate report, it was
determined that the SMEAT shower proved most acceptable to the crew
and provided good baseline data for temperature and flow settings
for the Skylab shower. Another significant finding was that the
Skylab ligh£ing, although satisfactory for routine wark, was marg?ggl'
for conducting medical experiments réquiring‘cloéeup.work. Thé
aforementioned SMEAT determinations are but a few contained in the
text of this report, which will contribute in making the Skylab medical

flight program and future long-term menned chamber tests successful.
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INTRODUCTION

The CSD 20:ft'chamber was modified as requiréa to configﬁre a
living area within the chamber to resemble the Skylab Workshop. The
existing facility systems were utilized wherever possible and other
systems were added where redundancy was deemed necessary to sustain
the test, provide for requirements not préviously existing, and to
provide interface systems for the Skylab medical eipériments.‘

The test was initiated on July 26, 1972, ana successfully concluded

. L4
on September 20, 1972. '

The CSD would like to acknowledge the Engineering Division, Technical
Services Division, Management Services Division, Logistics Division,
Photographic Technology-Division, and the Flight Crew Support Division
for their excellent support prior to and throughout the conduct of the
SMEAT test. Sl

Also, a special acknowledgement to the SMEAT Crew for their inputs

into the system designs and modifications which added significantly to

the successful operation of the facility throughout the 56 day test.



DESCRIPTION OF FACITITY

The chamber used for SMEAT is located in the Crew Systems Division
(CSD); Building T a£ the Manned Spacecraft Center (MSC) (Figure 1).

The chamber is manrated and has been used to support numerous manned
tests prior to the SMEAT test. The main chamber is 20-ft in diameter,
20-ft high and is constructed of stainless steel. There are 15 viewports
and seven penetration bulkheads located around its‘c?rcumferen;e.' i
Connected to the main chamber are tw§ locks in series,'each 10-ft in
diameter and 9-ft long. The locks élso contain viewports and penetra-
tion bulkheads. Seven closed-circuit television cﬁannels are located
in the chamber and locks. The atmosphere circulation system was
designed to be used in 100 percent oxygen fbr pressures ranging from
5.0 to 14.7 psia. (A closed-loop fan system in the chamber circulates,
cools, and heats the chamber atmosphere.) Other features of the
chamber include: vacuum pumping capacity of.;p to 15,000 cfm; auto-
matic’chamber pressure regulation; backup emergency power systems;
emergency repressurization capability from 5.0 to 1L4.7 psia in 9 seconds;
a five qhannel communications system with six stations in the main

.

chamber; 60 footcandles of lighting with emergency backup, automatic
oxygen supply éystem with emergency backups; fire det;ction and’ water
deluge systems; anzlog to digital data rectrding system; a lérge stock
of instrumentation used in manned testing; and a test control room.
The chamber configuration ﬁﬂich simulates the orﬁital workshop

"(OWS) crew quarters is depicted in Figure 2. The second level was

used as a private desk area and for some stowage and is shown in



.Figure 3 and photographs in Figure 4. Two sleep stations were set up
in the chamber inner lock. The two doors in the iﬁner lock, not in-
volved in the pressure seal, (previously used for altitude tests)

were removed to provide the needed space for the bunks. The 3rd .
sleep station was located in the main chamber area. The.main chamber
and the inner lock as combined simulated the first floor of the .
Skylab OWS with approximately 380 sq-ft of floor aréa. (OWS also has
approximately 380 sq ft on the first floor). The wardroom and the
waste management compartment was partitiéned as on the OWS, and the
walls and floor were éonfigured so as to have a similar appearance to
the OWS. The remainder of the floor area in the main chamber was used
for the Skylab medical experiments. An 18-in diameter transfer lock,
~was attached to an existing bulkhead. This provided for the transfer
of food and other items into the chamber and for removal of residues,
wastes, etc. The electrical modifications necessary to support this
test ;péluded oxygen compatible headsets and intercoms; crew caution
and warning systems for the environmental control system (ECS); special
lighting to simulate the OWS.levels and locations; TV cameras for
monitoring selected crew activities and medical experiments; a power
distribution system for powering the medical experiments; the éiectrical
requirements of the galley, waste managemeﬁt area, ECS, and remaining
special support equipment. Modificafions to the chamber also included
instrumentation for sensing and monitoring the OWS.flight equipment,
the chamber environment, and fo£ rep}ogramming the data acquisition

system used for recording data in the proper format to allow for

computer processing.



The modificat?ons to the chamber atmosphere @}stribution equipment
provided a gas atmosphere simulating that of the OWS. Additional equipment
required for the conversion included: a heat exchanger to obtain the
desired dewpoint temperature; lithium hydroxide canister assemblies *
and a CO, injection system to maintain the desired CO, levels; a two-
gas control system utilizing oxygen analyzers and a cabin pressure
regulator; a low flow pressure holding system for méintainingis.orpéia
for the test duration of 56 days; an air distribution system to obtain ,
flow velocities similar to that as specified in Skylab; and gés analysis
equipment. ‘

SMEAT medical and environmental test requirements to simulate
Skylab are summarized as follows:

Chamber atmospheric composition

Total Pressure 5 +/— 0.15 psia

“Oxygen (70%) | 3.5 +/- 0.10 psia

Carbon Dioxide 5.0 +.5/-1.0 mmHg

Humidity 8 to 12 mmHg (45 - 5T7°F dewpoint)
Nifrogen ) 1.5 + 0.05 psia

Temperature 67 - 78°F N

Noise Inchamber audible noise speétrum as

§imilar to Skylab as practical; s?eech
interference level at a minimum or
‘below 55 decibels.

Airflow Speed Velocities of 15-30 fpm with provicicns
for local control and up to 100 fpm

wtilizing the Skylab protable fan.



PRETEST ACTIVITY

The design of systems for the test was accomplished with the follow-
ing requirements:

ra. Full participation design reviews with all organizations
represented who were responsible for tﬁe results of the test.

b. Materials selected for the oxygen rich atmosphere were from
known acceptable materials with sample tests accomplished to re-verify
materials in the design aé used and for the quantity required. U%kﬁown
materials, if required, were completely sampled in flame prgpagation
tests to be found acceptable or to access the hazard if no better fire
resistant material was available. /

c. All designs were configuration-controlled with Quality Assurance
verification that systems were installed as per drawings.

d. All systems were designed to last for the duration of the test.
Maintenance procedures were written for thosé systems which might reguire
changeout by the crew, i.é., TV camera. All crew maintenance proccedures
were verified at sea levei pressure prior to altitude testing.

e. All systems and procedures were verified prior to altitude testing
by a dry run lasting for a pericd of abcut 30 hours.

f. All emergency procedures were rehearsed by the test sEbjects with
all shifts of the test team to verify each man's role in the emregency
functions.

g. A three-day wet run was conducted to verify the modified timeline
.and to insure operational verification of systems and crew Interface.

h. The design, construction, and procedures for the test were
revievwed by an Operatignal Readiness Inspection Committee appointed

by the Director.

i. The final test preparations were verified by a Test Readiness

.



.Review Board.

j. All personnel on the test team were required to complete pretest
training as prescribed in a praining manual. A Training Certification
Board verified all training requirements were met.

g. The test personnel supporting the test followed two types of
schedules. Civil service personnel, namely, test director, facility
engineer, etc., followed the shift schedule shown at the top of Figure 5.
As shown, the first shift worked from 0000 to 0715;>£he second shift ffom
0700 to 1500, and the third shift worked from 1645 to bOlS. This schedule
provided for 15 minutes overlap for transfer of needed information and /
allowed continuous coverage of the crew day by the second shift without
shift changes. Personnel were rotated to the next shift after their
scheduled days off. The schedule allowed the test to be conducted with
four persons for each position. The civil service shift was found not
readily acceptable as personnel found chang}ng shifts to be objectionable.
Married personnel for instance could not adjust readily to the changing
of shifts. The support contractor personnel worked 1l2-hour shifts as
shown at the bottom of Figure 5. The work schedule is shown for personnel
such as the chamber operator, environmental control system operator and
the mechanical technician. These personnel were cro§s-trained to work
all of these positions. This schedule utilized the shifts of’Booo to
1230 and 1200 to 0C30 in order to have ovérlap for transfer of informa-
tion and personnel assigned to‘egch-shift remained on that shift for
the 56~day duration. The 12-hour schedule was preferred by the super-
visory personnel conducting thé tests because (a) fewer number of key
people were required to conduct the test, (b) provided for more backup

in case of sickness, (c) did not require rotation of shifts, (d) shift



interface was always with the same personnel and (e) allowed some

personnel to be free for indirect support.
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SMEAT MANAGEMENT

Prior to the onset and during the buildup of the 56 day test, a
Test Management Operations Cormittee (TOMC) was instituted. The purpose
of the committee was to review the progress of the test during the 56 days
and to assess realtime problem;Ias the& might occur, direct changes to
test protocoi, release daily reports and to meet with the news media." -
The committee was composed of persconnel représenfing the fbllowing
organizations: ¢
Chairman: Director of Life Sciences
Members: Crew Systems Division, EC
A;tronaut Office, CB
Biomedical Research Division, DB
Bioengineering Systems Division, DE
Safety Office, SA
Typical problems reguiring realtime decisions frcm the TOMC during
the 56 days of testing were as follows:
a. Revisions of the timeline to permit reruns on the metabolic
analyzer when data appezred qﬁestionable.
b. The elimination of the Skylab dewpoint instrument from.the test
chamber due to erroneous readings.
c. Removing the Skylab vacuum c%éaner from the SMEAT due to its
poor performance and replacing it with the Apollo vsacuum cleaner.
d. Redlining the amount ofjcrew exercise to be performed on the

ergometer to preclude additional failures prior to the conclusion of the

'3
ct

56 day test. The ergometer had failed early in the SMEAT test and its



importance to the 171 metabolic activities experiment warranted this
decision in lieu of crew conditioning. The crew was provided with a
laboratory type ergometer which permitted them to maintain their

daily exercise routine.
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PROCEDURE/TEST OPERATIONS/SPAN TIME AND CREW

The crew activities in the SMEAT chamber were conducted according
to a Skylab mission-like fligﬁt data file that the crewmen had in the
chamber. Chamber test procedures were used for chamber ascent and
descent, emergency conditions, and for systems operations external
to the chamber. A copy of the chamber test procedures aﬁd emergency .
procedures are included in Appendixes A and B respeétiygly. The
flight data file included a timeline book,'medical experiments check-
lists and malfunction procedures, systems data book, stowage book,
érew supplementary activities, experiment emergency procedures and
chamber test procedure extractions for crew activity. Changes to
the flight data file during the test were handled as in a mission.
Test data mgnagement practices were similar to Skylab and included
daily data reports and crew debriefings.

The chamber atmospheric composition and temperature remained

within the specified limits during the entire test. No operational

off-nominal conditions were encountered.

Prior to the 56-day test, a 1l6-hour wet run and a 3-day shakedown
altitude run were accomplished. The 16 hour wet run was performed
to operate equipment that could not be operated at site pressure or
without a crevman in the chamber. The crewmen also made noise measure-
ments with vafious equipment running ;or.a record of test conditions
to verify the background noise was within Skylab specifications. The
3-day shakedown run was made using the SMEAT crew and the same operational

protocol as used for the 56-day test, for the purpose of evaluating

procedures, medical experiments and off-nominal modes of operation.
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The three-man astronaut test crew (Cdr. R. L. Crippen, Plt. K. J. Bobko,
Spt. W. E. Thornton) as in an actual Skylab missiop, were trained by a
series of scheduled training activities for the SMEAT. These activities
includéd medical experiments briefings and hardware operation, chamber
briefings and systems operations, storage bench checks, crew comparthent
fit and functional checks, maintenance briefipgs, test procedure and
flight daté file briefings, diagnostic and therapeutic briefings, -
microbiological training, and emergency procedufe tfaining.

Each member of the chamber operations test team attended briefings .
on the SMEAT chamber systems and completed a minimum of training as
specified in CSD's training manual. Once this training was accomplished,
the CSD Training Officer submitted a list of names and respective duty
stations for formal certification. A Certification Board, compriséd of
members from Test Safety, Systems Test Branch, Brown & Root-Northrop (BRN),
and Medical Operations reviewed and accepted £hose submitted for certifica-
tion. All certified test team members then participated in the scheduled
drills and pre-tests to complete their training.

The folloﬁing test stations required personnel as operatbrs or
monitoré during the 56-day éMEAT test and ccmprised the chamber cperations
test team. N
Test Director
Facility Engineer
Capsule Communicator
Checklist
Timeline
Instrumentation Engineer
Instrumentation Technician

Chamber Operator



Quality Assurance (2)
Medical Officer

Medical Technician

Tgst Safety Officer

Video Technician

Environmental Control System Technician (2)
Mechanical Technician

Facility Coordinator -

Communication Technician

Gas Analyzer Operator (2)

Crewvmen (3)



FACILITY OPERATION AI'D PERFORMANCE

All facility systems performed satisfactbrily.during the 56-days
of testing. A few minor problems were encountered but none of significant

magnitude to jeopardize the successful completion of the test.
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Environmental Control System (ECS) - An ECS was required to establish

and control the SMEAT atmosphere. The ECS consisted of five separate
subsystems: (1) air distribution and dewpoint contfola (2) two—gééd
control, (3) CO, removal, (4) vacuum holding and (5) gas analysis. Each
of the subsystems are described in detail as follows and a block diagram

shows their integration in Figures 6A, €3, and 6C.

The SMEAT environment maintained by the ECS was as follows:

Total chamber pressure 4.85 to 5.15 psia
Oxygen partial pressure 175 to 186 mmHg
COo partial pressure 4 to SJS:mmHg
Dewpoinf temperature 45 to 5TCOF
*  Dry bulb temperature 67 to T8°F
‘ Air velocity 15 to 30 ft/min vertical

.

Principles of Overation - As shown in the schematic (Figure T) the
S ' o

atmosphere gas was circulated by the chamber air-conditioning s&bsystem
blower thrdugh ducting into the crew béy. The gas distribution subsystem
throughout the, chamber provided for picrup of moisture, heat, and carbon
dioxide produced by the crew and’subsequently mixed with air which had
leaked into the chamber. Oxygen;was’consumed by the crewmen and inboard
leakage was pumped from the chamber by the vacuum holding system pumps

to maintain the chamber pressure.



The crew bay pressure was sensed by a regulator set to maintain
5.0 + 0.15 psia. When the pressuré dropped beiow the set point, either
oxygen or nitfogen was injected (as required) to bring the crew bay
pressure back within the proper limits. The return gas was sampled for
temperature, humidity, carbon %ioxide, and oxygen concentration. If
the oxygen concentration was within the set limits (175-186 mnHg), nitrogen
was supplied to the regulator. If the oxygen concentration was low, Fhen
oﬁygen was supplied.

-

An Apollo suit fan (located in ducting outside the chamber) circulated
14
atmospheric gas through the lithium hydroxide zssembly when required for
carbon dioxide removal. When the return measured amount cf caroor
dioxide was at or below 4.5 mmHg, the Apollo suit fan was in the B - s
condition. When the carbon dioxide amount rose above 5.5 mmig, a
_valve was automatically opened to allow flow through the LiOH assembly.

The Apo;lo suit faen was placed in ducting outside the chamder to reduce
internal chamber smbient noise level.

The return gas then passed over condensing coils, whose temperature
was set to obtain the desired dewpoint temperature. The gas then passed
over heafing elements which were controlled tc maintain the desirsd temper-
ature in the crew bay. ;

The flow to the vacuum holding subsystem pumps was manuali} controlled
and was set to exhaust slightly more than éhe inboard chamber lesrzage
plus the amount of oxygen fequired ta-enrich the gas to maintain 70 percent
oxygen. The two-gas control subsystem functicned as follcws: Oxygen was.’

delivered to the two-gas control subsystem frcm the 20-ft chamber O,
(&) v P

subsystem, which was a part of the existing Building T oxygen distribution



system. Nitrogen was delivered to the two-gas control subsystem from
two of four K-bottles located externally of the QO;ft chamber, through
one of two redundant regulators set at 500 psig. Two normally closed
soleno;d valves, in series, controlled the N, flow to the crewbay
compargﬁent. These valves were operated by control-signals from the
oxygen analyzer which opened the valves when P02 vas greater than 186 mmHg
and closed them at 175 mmHg. Whén the nitrogen solenocid valves were open,
the two-paralleled oxygen'solenoid valves were closéd: Nitrogen gas
delivery quantity was sensed by a flowmeter downstream'of the solenoid
valves.

Pressure sensing and control subsystems utilized two redundant,
subatmospheric pressure regulators, set to 5.0 psia, which delivered
the selected gas (0, or N2) to the crew bay in the return air plenum
on demand. MNo gas was delivered when the crew bay was above §§§£§;&x5 psia.
When the pressure fell below 5.0 psia, the rggulators sensed the pressure
drop gnd opened to allow gas delivery to the chamber. Either -Op or N2
was delivered to the chambér, depending upon the partial pressure of
oxygen. Oxygen partial pressure was sensed by an oxygen analyzer,
whose saﬁple pickup was in the return air duct of the air distribution
system. The sample pickup sensed the average concent?ation of oxygen in
this moving stream to obtain a concentration that would be mosf‘representa—
tive of the entire crew bay. The gas sampie was then subsequently sensed
by a carbon dioxide analyzer which controlled the COelpartial pressure.

Once the nominal CO, level was reached, the nominal range (4-5.5 mmHg)

was maintained as follovs:
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COo Level Function
L mmilg Inject until COp reached 5 mmig
5.5 mmHg Remove until CO, reached 4.5 mmHg

At teét initiation, the CO, level increased three times as fast as
the expected Skylab profile (gf per Figure 8) which occurred as a result
of the Qb—ft chamber volume being approximately 1/3 that-of Skylab.

The ambient gas temperature was maintained using a temperature °
controller on the 20-ft chamber air éonditioning'subéystem. Réturn
air temperature was sensed and utilized by the controller to operate ?
immersion-tyre heaters to achieve the cssired reading. Chamber ventila-
tion velocity was controlled by the use of a flowmeter in the chamber
air conditioning system. The flowmeter output controlled the air
conditioning system blower speed to obtain the proper gas velocities
- throughout the crew bay. The atmospheric gas dewpoint temperature was
controlled by use of chilled water circulated through condensing coils
upstream of the irmersion heaters. The water was delivered at a constant
teﬁperature of 450F. The chilled water system was backed up by a small
refrigeration condensing unit which used a thermostat to control water
temperatﬁre. Redundant water supplies Irom the chamber cooling system
and the Building T chilled water system assured continuous contyol of
chamber dewpoint. To remove condensed water, a drain system was installed
at the base of the air distribution Q?at exchanger. The condensate
collection tank was open to the SMEAT zimcsphere (5 psia) and the drain
system allowed the removal of the condensate water without allowing back
flow of ambient air. This was accompli:zzned by the use of a valving
system, a pressure gage, a drain tank, and a vacuum pump. In use, the

tank was evacuated, filled with condensate water, and drained until all



the condensate water was removed from the chamber. The total volume
of condensate water was then measured and recorded.

ECS System Performance : The air distribution subsystem performed
succesgfully for the complete 56;day test. Near the end of the test,
one blower shaft bearing and ope pillow block bearing develcped flat
spots on the rollers causing an increase in noise external to the
chamber as fhe test progressed through the 56-day duration. The qq;ée
wés not transmitted significantly into the chambér aé the crewldid not
notice the noise increase. ¢

The chamber water condensate removal system was adequzte but somewhat
cunbersome to operate. This subsystem could be improved with larger
internal diameter tubing, improved valving arrangement, and vacuum pump.
arrangement.

Dewpoint temperature control was adequatg but could te improved by
a more fineiy tuned valve. During the test,‘the chember cdewpoint temper-
ature could be chénged several degrees with a small adjustzsnt of the
chilled water valve..

The two-gas control subsystem functioned extremely well during the
entire tést. Oxygen, nitrogén and chamber pressure were rzintained
within the proper renges throughout the test duration as indicated in
Figures 9A, 9B and 9C. Near the end of the test, one of the two oxygen
solenoid valves failed in the open position allowing oxygsn to be
delivered into the chamber'duridg beth the oxygen and nitrczen modes.

This problem was corrected without test interruption by rerlacing the

defective component with a new sclenoid valve.
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The COp removal subgystem performed well and was adequate except
during extended pefiods of high exercise rates by %he crew. The C02
removal subsystem was requirea to run continuously to prevent the
002 partial pressure from exceeding the high limit at certain high
exercise periods. The blower operated automatically when the COp
partial pressure reached a pre-set value. Thé "On-Off" aesign worked
smoothly and minimized the number ofioperating houfsfon thé LiOH blower
motor.

A minor problem of the ECS system was the handling of the LiCH
canisters. Throughout the test the LiOH canisters had processing
problems such as torn outer bags, fabric cuts on the end caps, surface .
rusting, excessive moisture of packed LiOH, charcoal spills, and
shrinking teflon gaskets. Realtime solutions to these problems were
accomplished during the test as follows: :

a. Fabric cuts in the LiOH canister end covers were eliminated by
redesigning the end covers to include a %—inch thick pad of durette
batt éandwichedAbetween two layers of beta cloth.

b. . Since LiOH has a large affinity for water, some of the water
vapor absorbed by the LiOH during canister packing was driven from the
LiOH ﬁed during the high temperature sterilization process (ESEOF for
5.2 hours). During cool down, water dropiets condensed on the surfaces
of the inner bag and the canister. iwacﬁating the air and water vapor

within the confines of the inner bag for an extended period of time

prior to sterilization proved to not be successful.



Since attempts to céntrol the moisture proved to be inadequate and
since the presence of moisture did not degrade the. performance of the
LiOH canister, it was decided‘to accept the condition and use as is.

cz Surface rusting on the LiOH canisters soon became apparent after
several use cycles. This was caused by a combination of factors: tLe
oxygen enriched environment, material composition of the LiOH canister
shell (304 S.ST.), and high temperature and water vapor present during
sterilization. A solution was accomplished by pickl;ng and passivating
each qanister as it was recycled after use.

d. The LiOH canister outer bags were made of acalar, which became
brittle after high temperature sterilization and tended to break. This
problem was solved by training technicians to be more careful handling :
the canister to prevent tearing the outer bags during canister transport.

e. Cﬁarcoal spillage was caused by an improper fit of one of the
armalon felf pads used to contain the charcéal in the canister. This
probiem was solved by designing and building a new 14 mil armalon pad
to prévent chafpoal spillage during usage.

The only minor problem that developed in the vacuum holding system -

.

during the test was a failure of the pressure sensor that monitored the
inlet‘pressure to the vacuum holding pumps. This seﬁsor was replaced
without test interruption. i

The gas analysis subsystem had two deficiencies. (a) the water
removal system of the gas analyéis subsfstem was found to be marginal.
For this reason the 02/002 analyzers had to be driéd ocut and recalibrated

every 12 hours. (b) Two sets of gas analyzers were used, one set to

determine whether O2 or N2 should be supplied by the two-gas éontrol

system, and another set to provide primary data to the test team and to
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jnitiate crew bay alarms if the gas mixture operated out of specifica-
tion. This arrangement proved to be awkward since’ small inaccuracies

in the:data of both sets of analyzers coﬁld create a condition in

which fhe gas mixture might appear to be out-of-limits when it was

not out of limit. For instande, when the crew bay environment was

either at the high or low-end of the Skylab specificatioh, the analyzers
controlling the two-gas system might demand a flow'of O2 at a time~;ﬁen
the primary data analyzérs indicated an O2 concentratién within specifica-
tion. This condition could then exist until the analyzers controlling )
the two-gas system sensed a high partiz’ pressure of O2 and switched from
O2 to N, flow. This condition, though acceptable, introduced cyclic

changes in the gas composition that could have been reduced in number

with some other design approach.

MECHANICAL SYSTEMS

Vacuum System - The 20-ft chamber vacuum pumps used for chamber

evacuation consisted of two Roots-Connersville blowers backed by a
1000 cfm Beach Russ pump. These pumps ware in existence before SIEAT

as originally installed with the chamber in 1968. .
These vacuum pumps were controlled from the chamber control console

located in the control room. Evacua?icn rate was controlled by the

chamber operator using a Foxboro pneurztiic controller which controls

valves in the vacuum manifold.  The vacuum pumps were used to establish

a 5'psia chamber pressure at test stariup. These pumps were then isolated

from the chamber and secured for standby purposes. The SMEAT vacuum

holding system maintained the chamber ét 5 psia for the remainder of the

56-day test. The vacuum holding system was édded to the system for SMEAT
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because the capacity of the 20-ft chamber evacuation pumps was far
inrexcess of the 5 psia holding requirement. .

The SMEAT vacuum holding system utilized two 300 c¢fm Beach Russ
pumps'which evacuate a common manifold. One pump was operated with
the other pump on standby for a redundant test capability and to allow
maintenance when required.

Gas flow evacuated from the chamber was controlled manually py_é
small needle valve located at the system control.conéole. The~control
console also contained a flowmeter which was used in balancing chamber ¢
environment and a vacuum gage which was used for monitoringbthe holding
system pumps. The pump vacuum gage was utilized to activate a warning
light on the system console and on the facility engineer's console to
indicate a vacuum rise above a preselected level (10 torr). A pneu-

- matically actuaéed vacuum isolation valve was automatically utilized
to seal the holding system from the chamber iﬁ case of chamber
emergency repressurization initiation. .

Repressurization System - The chamber repressurization system is

shown in Figure'll - Normal or emergency chamber repressurization was
accompliéhed with systems wh{ch were installed with the chamber as

originally built. Normal repressurization was accomplished at .a variable

rate as controlled by the chamber operator,in accordance with the approved
test procedures, using filtered air. Fmergency repressurization (ER), if
required would be accomplished with ambient unfiltered air from the Building 7
Hi-bay area and was independent of normal repressurization. Emergency
repressurization is accomplished through ten 6-inch diameter valves

located on the chamber lid. FEmergency repressurization initiation was



‘manually controlled and could be accomplished at selected areas in the
control room. The chamber and innerlock could be repressurized from
27,000 ft (5 psia) to sea level in 9'se¢ond§. Th? control subsysten
compressed air from activation of the chamber repressurization valves
was nérmally supplied from building utilities. In the event of inter-
ruption and for redundancy, aﬁ auto-start compressor also supplied
control subsystem compressed air. Pressure monitors in the control
air system as well as the operating mode of the air compressor weye"

displayed to monitoring personnel in the control rooﬁ.~

Fire Supovression System - The SMEAT crewbay compartment was equipped

with a water deluge fire suppression system as shown in Figure 12. This
system was designed to deliver water at the spray nozzles within 2 sec-
onds of systemiactivation. The water delivery rate was at least 1.3 gpé/.
££2 of total surface area within the chamber. Sprays were located to
spray water from above, below, and from the sides to wet all surfaces.
Care was taken in nozzle laycut to insure théée were no areas blocked
from water spray by installed equipment. Rupture discs sealed the water

in the lines from the chember environment and upon activation would

rupture at a water pressure of 35 psi.

bl

controlled fire hoses for use py the SMEAT crew.
Full scale acceptance testing of the fire suppression system in the
chamber was ngt practical dus to the_peed for maintaining oxygen cleanliness .
of structures already installed in the chamber. The water delivery system
including valve actuation was tested for prcper functioning with water
diverted from the chamber using the system test diverter valve. . In

addition, a full scale model was constructed for test and evaluation of
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water spray patterns, delivery volume, and effect on crew mobility
(Figure 13). The model had identical piping, nozzles, and nozzle
location as the SMEAT galley which occupied approgimately 25 percent
of the crewbay.

The model testing results were considered satisfactory, proving
the spray pattern coverage was complete, water volume delivered was
within specifications, and the effect on the crew during this type of
emergency was acceptable.. The spray dehsity creatédilimited Visiﬁiiity

but allowed normal breathing without protective masks.

Eouipment Transfer Lock - A small air lock as shown in Figure 1L

and in the photograph of Figure 15, was installed on an existing chamber
penetration and was used for transferring items, such as food, clothing;
and waste materials to and from the SMEAT environment. A transfer
container (basket) was used inside the lock to aid in transferring small
items. The lock was 18 inches in diameter by 24 inches long and was
sealed from the chamber by a 20-inch diameter air operated gate valve.
This gate valve was electrically interlocked to require activation by
both technician and crewman to prevent the valve from being opened
inadverténtly with the lock euter door open and to prevent valve closure
without crew concurrence to avoid possible crewman injury. Evacuation

*v

and repressurization of the transfer lock was manually controlled at

»

the lock outside the chamber with vacuum provided by the chamber inner-

lock vacuum pump.

Medical FExperiments Ground Suvport Equipment (GSE) - The medical
experiment vacuum system was desizned to provide for all normal and

emergency requirements of the metabolic analyzer (MA) and lower body



negative pressure device (LB NPD). Vacuum was provided by two high
vacuum pumping systems controlled at self-contained consoles. One
system was used for normal operation with the othér system fof backup
capability.

.K vacuum isolation valve was provided, to automatically seal the
vacuun system from the experiments in the event of chamber emergency
repressurization.

The metabolic analyzer had a requirement for dumping a calibraéioﬁ
gas to vacuum in the event of a control regulator failﬁre. This require-
ment was provided by an evacuated tank with an independent vacuum )
pump. The evacuated tank was provided with a pressure sensor which
alerted the monitor of rising tank pressure (30 torr or above). Should
the tank vacuum pump fail, alternate evaucation could be accomplished
by a connection with the normal experiment vacuum pumps.

The metabolic analyzer and experiments support system each required
a gaseous nitrogen supply at 150 psig for normzl operation. This
nitrdggn was supplied from.a two-bottle bank through a reducing regulator.
A relief valve was incorporated in the system outside the chamber to
insure that supply lines cou}d not be overpressurized.

Mechanical System Performance - The following mechanical systems

operated satisfactorily during SMEAT with no significant problgms: Chamber
vacuum pumps and vacuum holding system, chamber repressurization systemn,
fire suppression system, and equipment transfer lock.
The medical experiments GSﬁ'performed satisfactorily during SMEAT
with one minor discrepancy whicﬁ did not threaten test completion.
The vacuum pumps of the medical experiment vacuum system repeatedly overheated

and progressively decreased in vacuum capability due to abnormally high
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éas loads from Experiment M092 (Lower Body Negative Pressure) device.
Alternate use of the vacuum systems with changeout of pump fluid allowed
the test to continue. Gas loads from the MO92 experiment consistently
ran above the Skylab specification values provided for the vacuum system
design. Replacement of the waist seal used in the experiment during

the test decreased the gas load temporarily, but the gas load again

progressively increased with use and reached values above the design.

sepcification.

INSTRUMENTATION AND CONTROL SYSTEM

The 20-ft chamber pump controls, the 20-ft chamber emergency system
and the instrumentation and data handling systems were modified specifically

for SMEAT.

SMEAT Chember Control Room - The SMEAT chamber was controlled and
operated from a four bay console adjacent to the main chamber and is
shown in Figure 1T7. The cgntrol console was divided into four functional
or control areas; outerlock, innerlock parasite chamber and main chamber.
Chamber controls, (Figure 18), were arranged for ease of operation and
test protocol. As the test progressed the operator controlled frem left
to right and bottom to the top of the panels. All controls were identi-
fied with.terms used in the chamber test procedures.

Power for the chamber control system, excepting the emergency
repressurization valves, was suﬁplied by the Houston Lighting and Power
-Co. (HLP). 1In the eveht of powér failure, power was supplied by an LPG
engine driven generator. All AC and DC power for the emergency repres-
surization system was provided by a battery—redundaﬁt generator com-
bination that is unaffected by utility power failure. All the chamber

_controls were electrical latching-type with the latching signals being



provided by relays in parallel with the controlled function.
The main chamber pump and blowers‘were protecﬁed by water and oil
pressure, flow and temperature sensing devices. Ail isolation, mani-
fold and pump vacuum valves had fail-safe features and were electrically
interlocked to prevent errors in operation. FEach chamber operator had

N :
emergency repressurization capability at his station. The emergency
repressurization controls, in additionvto opening the repressurization
valves, would automatically stop the vacuum pumps aﬁd'qlosé all vécﬁum
and isolation valves. There were no problems with this system and

therefore no recommended changes are made.

SMEAT Chamber Safety System - The SMEAT chamber safety system

provided the test conductor with single switch response in the event

of chamber fire, smoke, emergency repressurization or the need for

internal power termination. The system logic matrix is indicated in

Figure 19. The chamber safety system consistzid of the test conductor's
switch panel and a relay control cabinet that interfaced with the
chamber control and water deluge systems. Redundant methods for
activating all control functions were provided throughout the chamber

safety system. All functicns that must be en

-~

ized cculd be turned on

o
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from redundant parallel circuits and all opersting functions that must
be de-energized were turned off from redundant series control é;rcuits.
Power for the safety system was normally sﬁpplied from the house DC
source. In the event of power failufé, eithsr house IC or site powver,
the safety system transferred automatically tc battery power.

'The test cconductor's control pahel had switches fcr main chamber

(or outerlock) fire, smoke, emergency repressurization and power termina-

tion. The fire switch turned on the water deluge, repressurized the



‘chamber to site pressure, closed all vacuum and isolation valves,

stopped the pumping systems, terminated all iﬁternal power, turned on
emergency external lighting and initiated an alarm,to the Fire Department.
The smoke switch performed all the functions of the fire switch except
water deluge and repressurization. The emergency repressurization

switch stopped the pumping syélem, clésed all vacuum and isolation

valves and opened the emergency repressurization valves. The power
switch terminated all internal power to the chamber and turned on_thé'
external emergency lighting. In addition, the test éonductor ﬁad a

fire alarm switch that brought the firemen tc the control rcom. FunctioMs

controlled by the test conductor's panel switch could not be cancelled

by anyone except the test conductor. Fire, smoke and emergency repressuri-

zation indicator lights were provided at the chamber operators and

medical officer's consoles. A view of the chamber operating console is

“presented in Figure 20. The emergency system was never required to be

»

used during the test and was used only in pretest checkout.

Ipstrumentation and Data - The instrumentation and data system was
divided into two categories. The instrumentztion that was necessary to
monitor the crewbay environment, partiel gas rressures, dewpoints,
temperatures, etc., was defiged as test facility instruﬁentation and
data which were concerned with results from the crew éxperiments were
classed as test instrumentation. Daté from the test facility, crew
environment, were routed through patchboards, simplified when necessary
and terminated in the SMEAT chamber control room and the medical
officer's console for display, ﬁonitoring and recording. Test instru-
mentation data from the crew experiments were routed through an analog-

digital recording processor unit to Building 36 via co-ax cable for



‘display, monitoring and recording at that location. Test instrumentation
data were also available at the oﬁtputs of isolation amplifiers in the
processor unit for routing through the patchboards to the SMEAT chamber
control room and the medical officer's console for display, monitoring
and recording without entering the patchboards. A block diagram is
indicated in Figure 21 to expiain the-data flow path.

A1l analog recordings were on 5-inch strip charts, two pens per
chart, and all temperature recordings were on 12-inqh qharts,~2h daéa
points to a recorder. Both analog and temperature recorders had limit

-

indicator lights mounted directly below the recorders. :acility-stores:
type information was monitored by utilizing pressure switcrhes and the
status was displayed by indicator lights. Facility power was displayed

on analog meters and display lights indicated their "Go-NoGO" status.

Instrumentation and Contrecl System Performance - There was adequate

data to insure the safety of the crewmen and ;o prcvide menitoring
capability for all support systems. Most oé the data displzayed in
Build%ng T to test personnel was real-time on meters with strip charts
for trend determination.

<+

Tre only problem with this system was with the crew zlzrms that
notified the crew and the test team an out—of-tolerancé condition. These
alarms were triggered by any noise or data glitch. for the entire SMEAT
test there was never an actual alarm éssodiated with any irmediate dangar
to the crew; wwaver, the alarm went-off spuriously 12 times during the
test. These alarms wars designéd t2 warn the crew of'an out-of-tolarana:

ctondition not yet critical to their well-being to 2llow for corrective

action. These alarms were triggered by the close tolerances on the test



environments of pressure, percent 0, and percent 002. For example: The

> psi pressure environment in the chamber would trigger the alarm if

the pressure varied'beyond a maximum of 5.2 of below a minimum of 4.8 psi.
If this condition triggered the alarm it was simply a warning of out of
tolerance and was not to be interpreted as an alarm requiring emergency
action. It is recommended for future tests that parameters critical to
the well being of the crevw trigger the crew's alarm for all test pe;éoﬁnel
and off-nominal conditions that‘are not-time crificai trigger énly the
test director's alarm. The test director can be responsible to analyze ¢

the condition and to notify the crew of the condition when proper to do so.

SPECTAL SMEAT SYSTEMS OPERATION AND PERFORMANCE

The following systems were configured for SMEAT to be as like Skylab
systems as reasonable possible in the absence 'of available flight hard-
ware.

Potable Water

ﬁighting and Power

Food Freezer .

Food Pedestal

Television Monitoring

Emergency Oxygen Masks

Apollo Vacuum Cleaner

SMEAT Shower

Communications and Recreation



SMEAT Potable Water.System - The SMEAT potable water system was
designed to deliver water in three separate water loops at h5o, 1250,
and lSOOF i 5°F respectively.‘ It was not attempted to duplicate the
Skylab:potable water system other than delivering the water at these
specified temperatures.

The SMEAT potable water system is shown in Figure 22. Water was
supplied to all three loops from a 50 gallon supply tank pressurized.
to 20 psig. A second 50 gallon tank was used to traﬁspért water from
Building 365 at Ellington AFB (source of Skyl.éb water) to the SMEAT
chamber. The water was sampled to verify the quality met Skylab spec-
ifications prior to leaving Ellington AFB and also at each transfer
into the supply tank. Additional water samples were taken from the
supply tank at one week intervals for the entire duration of the test.

" The Skylsb ;ater utilizes iodine to presvent bacteria growth.

The L5°F water loop consisted of a pump; a heat exchanger (supplied
by Building 7 chilled water), a relief valve and assorted lines. All
components of eéch loop were 31l6-stainless steel or teflon. Water =t
hSO 4 5o_was circulated to the cold water drinking guns and cold water
reconstitution dispenser at ghe food pedestal. Cold water from this
loop élso circulated to the shower cold water fill vaive. ™~

The 125°F water loop consisted of a pump, heater, reservolr and
relief valve.A Water in this loop was_circulated only to the wash basin
for washing and shaving.

The lSOOF water loop was identical to the 1250f water loop with one

exception. Hot water at 150° ol SOF was circulated to the hot water

food reconstitution gun at the food pedestal and to the hot water food



" the basic design of Skylab with the following exceptions: {a) the SMEAT

reconstitution gun at the food pedestal and to the shower hot water

fill valve.

The water system operated continuously for approximately 60 days
without any problems. The iodine residual level remained in specifica-

tion throughout the test resulting in no unexpected bacteria growth.

SMEAT Waste Management i@%fa}:{ﬁﬁsl3w “The SMEAT WMS was used in

conjunction with the Skylab urine system which is described in thg_ﬁ
detailed test objectives portion of ﬁhis report.' Teét"ﬁrotocoi called
for one crewvman to use the Skylab urine system for the entire test and -
a second crewman to use it for the last 10 days. All other waste
management requirements were supplied by the SMEAT WMS.

The SMEAT WMS consisted of the fecal collection stool (FCS),

(shown in Figure 23), and the urine and fecal cans. The FCS used was

unit wasrmounted in a vertical position (ins%éad of horizontal), and

(b) the blower assembly and filter were mounted on the base plate under
the chamber floor. These differences were required to operate at normal
gravity. The séool 1id (cushion) was redesigned just prior to SMEAT
becazuse the prototype materiél used split open during pre-test activity
as used in the one-g enviromment. The replacement 1id material. was
RTV—36O and found to be more acceptable for both usability and for fire
retardant criteria. The FCS had two moving parts, the stool 1id (which
moved up and down), and the fecal blower (Apollo suit fan). The fecal
blower maintained a delta pressure of T to 8-inches of water across

the fecal bag referenced to the SMEAT 5 psia pressure environment.

Odor removal was simultaneously accomplished by flowing through a charcoal

filter. The filter was 3.5 x 8 inches, packed with Type KE charcoal and
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located downstream of the fecal blower.

The urine and fecal cans used in SMEAT were not Skylab configuration.
They were designed to hold a l-day void cycle and procedures called for
them to be passed out at the end of the cycle day. The urine can assembly
was manufactured of 16GA304 stainless steel. All seams were welded and
polished. The urine hose assembly was composed of a 5/8" OD x 3/16" ID
x 30" convolex tube connected to a teflon funnel. T@e fecal cans wvere.
manufactured of 6061-T6 aluminum. FEach can was large enough to ngﬁinally
contain one Skylab fecal bag and could accommodafe two bags for optional
use.

The performance of the SMEAT WMS was excellent. A minor discrepancy
occurred concerning a urine hose splitting which was attributed to the °
heat cycle required for'sterilization. The filter unit on the FCS was
changed out twice by the crew during the test as specified in the time-
line without any problem. .

‘The SMEAT lighting system (Figure 24) was designed to simulate the
Skylab light levels as nearly as possible. Eighteen L-ft fluorescent
light.fixtures were used for area lighting. The lumen output could be
varied from the manufacturer spvecified maximum output to zero. The
lighting was controlled from two consoles located at-the peripgery of
the chamber and was adjusted to the Skyla? light level before test
commencement. All ballasts, fuses, and dimmers were located in these

two consoles exterior to the chambers.

The power feeding the two lighting consoles was normal commercial

power which was fed through contactors that opened as circuit breakers

in the event of a chamber emergency. During an emergency, lights

external to the chamber were turned on to provide light in the chamber

through portholes.



Control of lighting was provided by a master low voltage control
system utilizing 3-position switches which allowed the crew control of
light level in most areas from high to dim, ;nd off. Individual controls
were provided in each sleeping compartment and in other locations within
the chémber for convenience.

A reading light was prov{aed in éach sleeping compartment with local
control. A trouble light with local control was provided with sufficient
cable length to reach any area in the test area. Thé indi&idual iight
fixtures were designed to be readily changed out by the crewmen.

When the SMEZAT design was initiated, an seitempt was made to obtain
Skylab lighting fixtures to use for area illurination. The fixtures
were not available for use and the cost to have additicnal Skylab units.
made for SMEAT‘was prohibiti&e. The alternative chosen was a standard
. L-ft, 4O watt, iapid start, cool white fluorescent lamp sealed in a
pyrex pipe and mounted in a metal fixture (gusrd) to preclude physical
damage. Prototype lighting fixtures were subjected to comprehensive
tests.at 5 psi and approximately 100 percent O2 to determine heat rise
and estimated lamp life and to verify safety features. Tests were also
conducted to determine radio.frequency interference (RFI) ouiput of an
individual fixture at maximum lumen output, =znd for the.entire system

kel

after the chamber was in test configuration with acceptable results.
The frequency spectrum of the standara cooi wnite lamp very closely
approximated that of the Skylab‘ﬁixtﬁre.

Light level measurements were measured in a Skylab high fidelity
mockﬁp. In order to match the iighf level clcsely a system was
designed for SMEAT with dimming capability. Tne SMEAT chamber was
divided into areas best suited for group larp aimming. To simulate a

low light level option available in the Skylzb system, controls were



0

included which would turn off selected fixtures in the area desired so
that those remaining on would approximate the Skylab low level illumina-
tion. To make the iight sources more "Skylab" in appearance, simple
cloth wraps were designed to cover any third of the SMEAT fixtures to
make it appear as two 12-inch sources by covering the center section,
or one l2-inch source by leaving the center third exposed.
The light levels vere adjusted in all areas of SMEAT to w1th1n
-ft candle of the Skylab mockup readﬂncs. Once-set, the rheostats
were not adjusted during the conduct of the test. . p
In an attempt to assure an adequate light output control span, and
uniform.illumination level over the whole test area, 27 lamps were
utilized in the system. . Testing during wet runs prior to SMEAT found
there was a problem in that with a very low lumen output (low voltage
on the lamp) there is a tendency toward mercury starvation and pooling
due to the lamp wall temperatures being too 1éw. Several lamps failed
due to this problem. To cprrect the situation, lamps mounted directly
in the chamber cold air stream were either relocated or removed. 1In
all, nine lamps were removed, allowing higher voltage to be placed on
the remaining lamps with accbmpanying higher lamp wall temperature. As
& result, there were no area lamp failures during the 56-day manned test.
The three reading lamps and the troublelizht utilized LOO Hertz white
fluoresent lamps made as early proto?ypes for use. in Apollo. One reading:

lamp failed during the SMEAT test and was replaced with a spare.

Electrical Systems - The normal electrical power for the SMEAT

chamber was supplied by Houston Power & Light Company. In the event of

a power failure, critical power supply would have been automatically



transferred to a natural gas-driven generator that is rated for continuous
operation for the SMEAT load impoéed on it. ‘if pr}mary power could not
be restored, procedures would have been follwed to start up a trailer-
mountéd diesel-engine-driven generator with adequate power rating to
supply all power requirements for the SMEAT including necessary building
& _

support facilities. The trailer power supply was connected to the Building T
power system for the duration of the test. The 28V DC and 40O Hertz power
requirements for convenience outlets, food prepafatibn-center and other
ancillary needs was provided by redundant systems with a manual transfere
capability if reguired standby units.

Power for emergency repressurization was provided by battery-driven
redundant DC/AC converters with automatic transfer feature to the
standby unit in case of failure of the primary unit.

Within the chamber, zero-~G type convenience outlets were placed at
optimum locations to provide power for experigent reguirements. Figure 25
indicates the location of the SMEAT power receptacles.

SMEAT Food Freezer - The SMEAT food freezer was designed to provide

a storage space for frozen food at a temperature of -10 + 10°F. No
attempt wes made o duplicaté the Skyleo ireezer. Differences vetween
the SMEAT freezer and Skylab freezer are the orientation of the freezer
locker, door latch, coolant, and the guantity of food storage. The
useful storage space in the freezer @easured 9.5 inches side, 20 inches
high, and 13 inches deep. This allowed space for 5 Skylab overcans. The

freezer system consisted of a chiller unit and coolant circulation pump

outside the chamber and the insulated cstiocrage locker inside the chamber.



The coolant fluid, a fluorinated hydrocarbon, was chilled in the chiller
unit reservoir and circulated through tubing coils inside the storage
cabinet. -

Tbe freezer maintained the proper food temperature throughout the
test. The crew reported that there were no problems in using the .
freezer and that frost buildup was minimal and did not require removal
during the test.

A small leak developed at the coolant circulatiqh pump shaft'se;l
during the test. Coolant was added externally as required and system
operation was not affected. If the leak had become worse, replacement ‘
of the pump would havé been required. A replacement pump was available

but was not utilized.

SMEAT Food Pedestal - The SMEAT food pedestal is indicated in

Figure 26. . It was designed to be the supporting structure for Skylab
food heating trays, Skylab food reconstitutiQn water disrensers, and
drinking water dispensers. The configuration of the SMEAT food pedestal
was similar to the Skylab food pedestal.

The Skylab food heating trays were clamped to three Skylab configura-
tion heat sinks attached at three equally spaced locations around the tép
of the SMEAT food pedestal. The top of the food pedestal was at a
comfortable sitting height for the chairs used in the SMEAT. The drinking
water dispensers consisted of two Apollo dispensers and one Skylab
dispenser and were held in bralkets on the sides of the food pedestal
between the tray. The Skylab fééd reconstitution watér dispensers
were mounted in a recess in the top of the pedestal. A cover was provided
for the recess when it was not in use. This cover with the three food
tray covers in place provided a convenient desk-like work surface for

crew activity between mealis.
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There were no problems encountered in the use of the food pedestal,
trays or water dispensers during the test. The SMEAT crew found that
they liked the pedestal concept for eating.

Television (TV) Monitoring - The SMEAT closed-circuit TV system

- provided TV monitoring and recording of activities inside the chamber

for experimental and safety purposes. The basic system was composed

of five cameras in the crewbay chamber area and one camera in the -outer-

lock, the Building 7 video control console (Room 114), the MSC video
control center (Building 8), and approximately nine monitors’ in the

SMEAT test control areas of Building 7. Four fixed.mounted cameras

in the crewbay monitored the wardroom, the experiments area, and the
secondllevel. The fifth camera in the crewbay was portable with a
tripod. The basic camera was a Cohu Model 2000 environmentally sealed
camera. The camera housing design was certified to the following
explosion résistance specifications: MIL~E-5272C, Procedure IV, para-
graphlh.l?).S and MIL-STD-810, Method 511, Procedure 1l. Camera locations
inside the chamber are indicated in Figure 27. Three cameras, (E2, Fl,
and P1) were equipped with a 20 to 80 mm zoom lenses. Cameras El, L1, and

~

Wl utilized fixed 10 mm wide-angle lenses. The zoom lenses were remotely
controlled by ah operator at the control room consolel The portable
camera (Pl) was normally stowed when not ih use. The cameras on the pan
and tilt mounts could be manually repositioned by the test crew. The
output from each crewbay area caﬁera (L, 2, F1, W1) was "hardlined" to
a monitor in the SMEAT chamber control room. In additicn, the output

from each of the cameras was switchable for recording and display. Cameras

El and Fl were designated as t he cameras to be recorded during emergencies.



Procedurally, the crewbay area mounted cameras were kept operating at

all times with the target voltage turned down-when.TV reception was

not scheduled. When the target voltaée'wés turned up, an instaht
picture‘was received frcm the camera which permited a fast response in
the event of an emergency situgtion. .The lock camera L1 was kept on
continuously. Two video tape recorders (VIR) located at the Building 8
video contrél center wvere used for recording. Routinely, one VIR machine
ran continuously with the second in é standby mode. At any tiﬁe the
console operator was required to be absent frcm his station, both machinas
vere turned on. This operational method vermitted video recording to

be initiated by the Building T console operator when he switched the
camera output to the VIR. A Greenwich Mean Time (oMT) fiming signal and
a test intercom audio track was also récorded on the video tape. The

" GMT was superimposed on one of the TV monitors in the SMEAT chember control
room and was continuously available to the tés; subjects for viewing cn
their recreational TV monitors.

The SMEAT closed-circuit TV system operaﬁed satisfactorily during
SMEAT with no problems jeopardizing video coverage. Initially noise
problems were encountered dufing movenment "of tThe portable TV camera.

The source of noise was found to be a slight movement between the mating
electrical connectors used cn camere housing =nd cab
was resolved by installing a thin tef}on ring around the base of the camera

connector to restrict this movement.
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FInergency Oxygen Mask System - gen was supplied from the chamber
oxygen system at 100 psig to manuél oxygen shutoff valves inside the
crewbay. From the shutoff valve, the oxygen passe% through an umbilical
of sufficient length to allow the crewmen to egress the chamber while
breathing from this source. ?he umbilical is connected to the input
of a mask-mounted regulator. The mask is a quick-don, full-face type
incorporating a smoke-protecting lens. .

Fleven mask assemblies were installed in the éhémber és follows:

3 near the fire suppression switches in the wardroocm, é near the fire
suppression switches on the second level, 2 near the fire suppression
switches in the medical experiments area, and 2 near the fire suppression
switches in each of the innerlock sleep areas. ' v

The emergency oxygen mask system was never required to be used
during this test and subsequently was never used in an emergency. Pre-
test training activity use indicated satisfactory performance with
desipable quick—don features and proper capability in the event an
emérgency had sccurred.

Apollo Vacuum Cleaner - The Apollo vacuum cleaner was used during

the SMEAT because the Skylab, unit did not generate enoqgh suction to
pick up the debris in the chember. Prior to the start of SMEAT the
Apollo vacuum cleaner was intended to'be used as the backup un{t.

The Apollo vacuum cleaner was designéd to be used on the lunar
missions. It is powered with an Apoilo suit compressor with a 3-ft
suit hose connected to the inlet side of the 110 voli, LOO cycle
3-phase motor. A bristle brush is éttached to the end of the ﬁose and
a catch bag is connected at the rear of the ugit to hold the particles

picked up by the vacuun.
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There were no problems with the Apollo vacuum cleaner during
the entire test. The unit became clogged with shedding debris during
the test but after it was emptied, the unit wés fuiiy restored to
operatipn.

SMEAT Shower = The SMEAT shower system was incorporated into the

facility to simulate at earth éravity-conditions the proposed Skylab

shower system. The configuration resembled the Skylab shower in

appearance and served the specific need for a crewmén‘shOWei for clean-
liness. The drain tank is shown in Figure 28, the showér in Figure 29,
the shower deployed for use in Figure 30, and the hot and cold water
supply system in Figure 31.

The shower enclosure consisted of a cylindrically shaped, T9-inches,
high, 3S-incheé diameter, two.pass beta cloth wall with four ring
stiffeners. The eﬁclosure was open at the top with aﬁ aluminum pan
at the bottom. The unit was normally stored a5 a collapsed unit under
the chamber bunk. The nozzle assembly consisted of a bete fog nozzle
No.- 5080F plumbed to 76-inches of 3/8 inch diameter convolex flex tubing
with a'quick—disconnect fitting at the ceiling level. In use, the
nozzle was hand-held by the crewman using the unit.

To use, the water tank was filled wiéh hot and cqld water to arrive

at a mixed "use" temperature of_lOTO to 110°F. The temperature‘was
measured at a point 3-4 inches from the noézle. The water tank was
pressurized in}tially with nitrogen tc 35 psia which dgcreased to approxi-
mately 10 psia at the completion of each shower. Each crewman used 6 lbs. -

of water per shower (as in Skylab). Each cre.man took a total of seven

showers. Showers were taken on missiocn days €, 1b, 20, 26, 35, k1 apg

49 respectively. At the end of three showers, the drain tank was passed



outside the chamber through the transfer lock. The SMEAT crew found
the temperature range adequate but preferred the showers hot (upper |
part of available range). The 6 lbs of water per shover was found
to be minimum but adequate. The use of the shqwer was operationally
workable, trouble-free, and free of fungus or bacterial growth.

Test Communications = The SMEAT intercom system provided two-way

audio communications between test team members. The basic system
was composed of seven spesker intercom stations (SIS)‘in tﬁe crewbay
area, four O, mask communication connections in fhe innerlock, four
0> mask communication connections in the outerlock{ and appfoximately
24 intercom stations located outside of the chamber in the test team
areas. The system had five normal channels and an emergency "all call".
channel, enabling simulténeous conversations on different channels.
. The intercom stations exterior to the chamber were used with headsets.
The SIS inside the chamber could be used with ‘or without the Skylab
headsep. Locations of units within the chamber are shown in Figure 32
and a typical SIS unit is shown in Figure 33.

fhe intercom was a modified Carter Engineering CE 2000/AIC inter-
communication unit. This basic system has been utilized with the CSL
altitude chambers for approximately seven years. Modifications for the
SMEAT included the addition of the seven SIS units, adding moni%or
speakers, isolating the SMEAT chember systém from the other chamvers of
Building 7, and adding audio rechdiﬁg equipnment.

Fach intercom station had the capability bf being switched to any
’one of five channels during normal ﬁse. On stations external to the

chamber this channel selection was done by the user. The test director

switched channels for the SIS units and O, mask intercom connections



inside the chamber. The five channels available to the SIS units were
configured as follows:
Channel 1 -~ céﬁmon with intercom system Channel 1
éhannel 2 - common with intercom system Channel 2

Channel 3 - common with intercom system Channel 3

Channel L

private to "Capcom Station" and "Guest Com Station"

Channel 5 - private ﬁo "Capcom" and "Telephong Qoupler". .

In the event of an emergenéy, predesignated.stations were cogfigured
to switch to the "all call" audio channel. The stations which were ,
switched to the "all call" channel also had certain previously selected
stationé could transmit as well as receive. The intercom system could
be switched to the "all call" mode by either the test director or
automatically by the chamber emergency control system.

"CapcomrTeét Subject" audio was provided to Building 36 for the
medical experiment monitoring station. This éutput was controlled at
the "Capcom" station in the event of an emergency "all call" initiaticn,
the output would have been muted to prevent the station from interferring
with vital communication.

The test director's audio channel and the "Test Subject-Capcom” audio
channel were continucusly recorded for the full duration of thg test.

An "IRIGB" coded GMT time reference signa% was recorded on the same tares.
The emergency "all call" audio channel would have been recorded during
"all call" initiation if used. Additionally, the "Test Subject-Capcom"
-audio was provided to.the video studio for recording purposes. The
output to the video studio was controlled at the "Capcom" station on

normal use and was automatically switched on during the "all call" mode.

A warning tone was initiated on the "Test Subject—Capcomﬁ audio channel



whenever a previously degsignated critical parameter exceeded its
-toierance.

A private channel available to only the subjects and "Capcom" was
acoustically coupled to a telephone receiver. The "Capcom" station
controiled the telephone coupler equipment. In case of emergency "all
call" initiation, the subject using the phone tie was automatically
switched to the emergency "all call" audio chénnel.

The Speaker Intercom Station (SIS) (Figure 33) unit was s}milaf‘
to the Skylab intercom assembly (SIA). Each SIS contained a fixed
microphone and speaker as well as provisions for connecting two umbilicéi/
headset assemblies. The fixed speaker/microphone could be used only in
a "push to talk" mode. During an emergency "all call" initiation, the
SIS was switched automatically to the emergency audio channel and the
speaker was turned to maximum volume. A "message notifier light" could
be turned on at the "Capcom" station to notify the crew when conversation
was desifed; ‘

’Three Skylab lightweight headsets and "Snoopy Hat" communication
carriers were available inside the chamber. Skylab lightweight
communication umbilicals and control head assemblies were used with theA
headsets.

The Op mask assemblies (used by the crewmen during ascent) contained
earphone receivers and microphones. These assemblies and their umbilicals

were utilized with the four 02 mask intercom comnections in the inner

and outerlock areas.



Recreational FElectronics - The SMEAT recreational electronics

system provided both TV énd radio entertainment to the test crew.

The physical arrangement of the system is shown in Figure 34. The
basic system was composed of two remotely controli;d TV monitors
located outside two chamber viewports, two remotely controlled AM-FM
radios (outside the chamber), and three speaker entertainment statio;s
(SES) inside the chamber. The SES units contained radio controls,

TV monitor controls, speakers, and provisions for listening with
Skylab headset/umbilical assemblies.‘ The TV monitérs @isplayed béfﬁ
commercial network TV and closed-circuit TV from either cameras or
video tape. The system provided television and radio listening capa-
bilities for entertainment during off-duty hours. In addition, the
system provided for educational clasées using either video tapes or

a live instructor outside the chamber. To minimize costs, the system
_ was designéd similar to the intercom (where applicable) and used the
same Skylab headset/umbilical assemblies for audio capability. A
SMEAT SIS and SES station is shown in Figure 35.

The three SES units inside the chamber were used for listening
and conﬁrolling the radio and TV signals. Of the three, two units
(designated SES-1 and SES-2 as shown in Figure 36) controlled one TV
monitor and one AM-FM radio. The third SES unit (designated SES-3
and shown in Figure 37) was used only for listening to either the

i

SES-1 and SES-2.
Power to the SES units was fused ana current limited with resistors
outside of the chamber using as guidelines existiné MSC standards and

McDonnell-Douglas Report MDC EOO65 - Design Requirements, Airlock Speaker

Intercom Assembly.



Whenever the intercom system was switched to the émergency "all
call" mode, the SES units monitored the emergency "all call" audio
channel. )

Closed circuit'TV was used in the conduct of elective study classes
by the crewmen. A temporary TV camera was located in Room 11L, Build-
ing T, which viewed the instructor, and video signals from this camera
were displayed on the test crewman TV monitor. Two-way audio communica-
tions were available via the SMEAT intercom system.‘ When video tapes
were used, the video and audio signais %ere originated . from the télévision
facility located in Building 8. These signals were monitored at the y
test crewman TV monitor and SES.

The two radio units, exterior to the chamber were AM-FM automobile
radios, of the automatic station-seeking type, modified with relays for’
remote control. The audio signals from the radios were conditioned
- using the sane %ype of eguipment as used in the intercom system.

The TV monitors were modified with servb.controls and relays to
permit remote operation from inside the chamber. Multiple viaeo and
audio ‘signals, originating from Building 8, were routed to remotely
controlled switchers (i.e., subject controlled at SES units) where the
signals were selected for diéplay and listening.

The SMEAT.communication and recreational radio systems operated
satisfactorily during SMEAT with no problgms Jeopardizing comrmmunications
within the test chamber. Communications to the chamber were interrupted
only for pre-planned maintenance procedures as required for normal repairs.
"Two crewman communication control heads had failures of the convolex -
tubing cable sheath (reference IDR IS260389 and IDR_126OAOS). One of

the lightweight crewman communication umbilicals had a loose shell on



an electrical connector (ref. IDR IS260396). The PLT ﬁoted that the
crewnman communication control head would be easier to use if the
length of the flexible portion was increased. .
The original telephone tie was an acoustical coupler which inter-
faced with a phone headset. This coupler oéerated satisfactorily
except for two characteristics. When utilized with a degraded outside
phone connection, the acoustical coupler required a relaiively critical
adjustment of incoming and outgoing volume levels. ‘Also, there was - .
always some background control room ﬁoise due to the exposed microﬁﬁone
in the coupler device. In response to the crew's request for improved ,
telephone service, a telephone company owned "hard&ire” coupler device
kwés installed. This device improved the overall performence but
decreased the volume on the intercom systems "Phone" channel due to
loading characteristics. The phone company was unable to further
improve the performance and the "hardline" coupler was utilized "as is"
for the remainder of the test.

i
-

NONMETALLIC MATERTIALS CONTROL

The high inherent danger associated with nonmetallic materials
(IMM) in oxygen-rich environfent required that a rigid MMM control
procedure be iﬁposed at the beginning of the SMEAT program. The NMM
used in SMEAT were in two approxinate classes: (a) flight or flight
prototype hardware and experiments, (b) and all other support materials.
Control of these materials was accomplished by the use of four different

‘Boards which operated as a system of checks and balances to assure

maximum attention to every material accepted for use.



The control procedure will be discussed from the point of view of
controlling the physical flow of materials as well as control from an
acceptability standpoint. Some of the materials which were sﬁbstituted
to increase the fire safety will be discussed briefly.

Over 1800 NMM usages were reviewed by the CSD Materials Usage Control
Board (MUCB) in addition to the NMM accepted by the Skylab Program Office
and a SMEAT waiver review committee. Of these, slightly over 200 were-
initially rejected and reéuired additional evaluatioﬂ. _Thé number gf
NMM initially rejected was minimized by close coordinétion between
SMEAT engineers and the MUCB in the area of materials selec%ion prior tg

formal submission of the materials for review.

Materials Control Organization - The materials control organization

used to support the SMEAT is outlined in Figure 38. As noted, hardware
materials which had been unconditionally approved for flight by the
Skylab Program Office was accepted for use ;nxthe SMEAT without further
review. FEvidence of such approval was required for each test item.
Skylab experiment materiais or test articles which were not flight-
configured were reviewed by a special SMEAT waiver review committee.
This committee, which was chaired by the Director of the Life Sciences
Directorate, was empowered to review the status of Skylab medical
experiments and to accept those items which, through different“from
flight coﬁfiguration, would not constitute a hazard in the SMEAT facility.
A1l other NMM were submitted, through the Systems Test Branch, to
~the MUCB. One Board member was designated as materials engineering
specialist (MES) with responsibility for screening all submitted materials
and making recommendations to the other Board members. Incoming non-

metallic materials master log sheets or waiver requests were logged and



.reviewed for acceptability. The MES contacted requesting organizations
for clarification of data, conducted chamber walk-through for personal
evaluation, examined components, requested samples, of marginal NMM for
additional testing, and otherwise obtained sufficient information to
verify the safety of each material in its pérticular usage application.

All materials accepted by the MUCB and the SMEAT waiver review
committee were forwarded to the Test Readiness Review Boérd (TRRB). The
TRRB was chaired by CSD's ‘Assistant Chief for Test and Developmenpughd
its membership included personnel from the Safety Office, the ﬁeliability
and Quality Assurance Office, the Life Sciences Directorate; and the ¢
Systems Test Branch. The Board was responsible for reviewing the.condi-
tibn of readiness of all facilities, test buildup, and Skylab equipment.
The condition of materials acceptance was made a major part of this ‘
review. The TRRB was empowered to reject materials which had previously

" been approved by either the MUCB of the SMEAT'waiver review committee
if in‘their Judgement such action was requiréd, thereby assuring that
MSC management had final control on materials acceptability. In fact,
no such materials rejection action was taken.

The TRRB also had authority to accept materials or waivers which
had been previously rejected\by the other Boards.

After all NMM problems had been resolved and all individual materials
had been accepted, a final integrated waiver review was held at the MUCB
and the TREB on all materials which had been conditionally accepted or
accepted on waiver. The purpose of this review was to assure that any
ﬁarginal materials did not, as a result of their proximity to other

materials or power sources in the test chamber, constitute a hazardous

condition which could not have been anticipated when the materials were



reviewed individually. ©No unanticipated interactive problems were
found.

The documents developed to aid in the control of the SMEAT NMM
are described briefly in Appendix F and are shown in Figures 38 through

L5.
R :

Materials Acceptance Criteria - Document MSC-PA-D-67-13 was used

as a point of departure, with considerable engineering judgement to

determine the acceptability of each NMM used in the SMEAT. MSC-PA-D-

67-13 was written as a materials control document for spacecraft and

(&)

as such does not consider mitigating circumstances such a:z the presenc
of a water deluge system, the proximity of external assistance for
rescue, or the ability to return to an ambient (relatively benign)
environment in a fraction of a minute:

The ground rules used by the MUCB in determining the acceptability
of NMM for SMEAT were as follows:

‘l. If a flammable NMM could be replaced it was, replzced.

2. The water deluge and short emergency-repressurization time were
not considered in ascertaining the acceptability of NMM, tut rather were
thought-of as contributing a margin of safety to manned testis in an
otherwise hazardous environment.

3. The nonavailability of an ignition source was normall& not con-
sidered in determining the acceptability of exposed materials.

L. The offgassing criteria of MSC-PA-D-6T-13, thousr conservative
for chamber testing, were used as guidelines for acceptance of NMM.

5. All materials accepted for'use in the chzmber wers required tc
be either self-extinguishing as used or be nonhazardous in the event that
they were ignited. The éingle-exception tQ this policy was those flam-

mable materials which were totally nonreplaceable and which were exposed



to the chamber environment in small quantities for only short periods
of time. Considerations included‘the location of the item within the
chamber, proximity of other NMM and the extent of protection afforded
by the enclosure.

62 Materials review did not formally include materials properties
as they related to mechanical’performénce or physical configuration.

These criteria, with some flexibiiity, were enforced by the MUCB
in reviewing all SMEAT NMM. The criteria were obviously unnecessafily
conservation and in any final consideration, a fealistic cost-benefit
analysis must be made between cost and scheduling considerations and
the actual probability of risk involved. Accordingly, after all
practical avenues for complying with these criteria were investigated,
the mitigatiné circumstances alluded to above were taken into considera-
tion. Becuase of the nature of the final judgement required, all

decisions of this type were deflerred to the m¢re senicr TRRB.

Control of Materials Flow - Though the various Boards described

abové-were responsible for determining the acceptability of the NMM

used in the SMEAT, the Systems Test Branch was responsible for controlling
the actual flow of IIMM into the test cha@ber. The govarning document

for materials control into the chamber was the MSC-CSD;STB Altitude
Chamber Facilities Standard Operating Procedure Manuél, CSD-X-109.

To provide additional assistance'in ﬁcnitoring materials status
and providing, increased visibility im possible materials interaction,
a computerized materials controlzprogram for SMEAT was instituted. A
typical computer printout is shown in Figure 32. The ccmputer'listing
included all items from the chamber materials-control log and gave
the status of each. The listing was used as a control of status in

determining which materials had been submitted to a Board for review _



and which Board did the review. Every NMM which was rejected, accepted
conditionally, or accepted on waiver, was compiled on a separate listing.
The program providgd a printout by material, condition of approval,
system, responsible engineer, and was updated periodically for status.
Attempts were initiated, but not completely.implemented.to obtain from
the program the cumulative total quantity of each material used.

In addition to listing the materials which were mosf likely to
cause potential problems, the computgr provided a 3-dimensional display
of the locations of the materials as they existed dufing the SMEAT.

A plan view of the chamber, such as that shown in Figure ho'gave the ¢
location of every III{ listed. A separate display was provided for
eaéh 12-inch elevation of the chamber.

The computer printoﬁt was found to bé a most valuable method of
controlling the status of NMM in preparation for the SMEAT. Copies
- were forwarded ;t frequent intervals to each responsible engineer and
supervisor and assisted the TRRB in monitoring potential problem areas.

Concluding Remerks - A major portion of the MUCB materials control

.

activity in preparation for the SMEAT was recommending alternate solutions
when materials were considered unsafe as submitted. This support ranged
from reccmmending fire-resis%ant coverings to conducting shert-term
development progréms to obtain new or improved materials where existing
materials appeared nonexistent.

It was found that very satisfactory flexible nonflammable coverings
could be formed from alternating layers of Beta fabric, aluminum foil,
énd Asbeston fabric. Where greater durability under flexure and where
greater scuff resistance was required, a layup including Teflon fabric

and polyimide film was found quite suitable.



The Skylab heating food tray is one example of a substitute
materials recommendation. This item was originally designed utilizing
polycarbonate as the plastic material adjacent to -the heating elements.
The program manager for the tray submitted the material to the MUCB
repreéentative well in advance of SMEAT and.as a result of the evaluation
was advised to replace the polycarbonate with polyimide. The recommenda-
tion was accomplished and subsequently the trays as modified vere used.
in SMEAT. e

A short-term development program was initiaﬁed in'response to a
request for an acceptable paint for the SMEAT interior. A baint was
required which was vacuum compatible, fire-resistant, had acceptable
offgassing properties, would adhere to various metals, and was
available in a variety of light pastel colors. An inorganic ethyl
silicate based paint was obtained, evaluated, found to accept dramatone
pigments, passed odor and toxicity tests, and resulted in a paint
meeting ali objectives. ‘

‘Some materials problems were encountered which, though solved for
SMEAT; should be viewed as possibly problematic in general. The large
amount of reading material required to entertain a crew for such a
long period of time is an exemple. This problem was minimized in
SMEAT by storing the books in metal lockers, by limifing the number
of books allowed out at any cne time, and 'by initiating and enforcing
good housekeeping procedures. It is-highly desirable that similar
actions be taken on future tests‘and manned flights, particularly if

water deluge or other fire extinguishment is not available. Another

appreciable fuel source within the SMEAT was the use of cotton towels.



Cotton, contrary to the synthetic fibers, has high moisture absorption
properties and hence is ﬁnsurpassed as a towelling material, but is
very flammable. This problem was similarly controlled in SMEAT by
storing the towels in a metalilocker and limiting the number of towels
exposed at any time. More ideally, because of the extreme flammability
of cotton, it is recommended for future chamber tests and flights th;t
if cotton towels are used, the daily ration be hung to dry behind a
vented metai grill when not actually in use. Such a device would -

minimize the resulting fire potential without inhibi%ing the evaporation

of moisture. : ¢

SAFETY, RELIABILITY, AND QUALITY ASSURANCE

Pretest Support - Safety, Reliability, and Quality Assurance

(SR%QA) provided real-time support to the SMEAT test team for ensuring
that all fa;ility/experiment hardware was a@equately certified, installed,
pretgsted, and controlled. All discrepancies were documented and resolved
either prior to test or documented as failures for later analysis and
resolution depending on hardware support requirements.

Certification - Prior to the start of the SMEAT Manned Testing,

considerable effort was expended by SR%QA representatives to obtain
configuration status and in initiating a system which would control
certificaﬁion of the medical experiments..

In an effort to preclude any incidents of equipment being stowed
with an unknown status, the SR%QA Office established hardware review
teams consisting of engineering‘personnel from the three disciplines
to participate in the review of equipment/documentation, with the

technical monitor responsible for supplying the various equipment for



the SMEAT. It was the responsibility of these hardware review teams

to certify the equipment listed in the SMEAT Stowage List. Also, it

was their responsibility to identify by $ubmitting Review Item'Dispositions
(RID's) on any sigﬁificant problems or questionabl; areas which would
requirg resolution by the SMEAT Review Committee. In certain instances,
these problems were resolved fhrough issuance of waivers reviewed and
approved by the SMEAT Waiver Review Committee.

Since flight medical hardware was not always available to support
SMEAT, flight-like hardware classifications were suﬁs£%tutéd such as:
Design Verification Test Unit (DVTU); training hardware; and prototype
hardware. As such, only a minimal amcunt of documentation/information
was available to the review team for certification priqr to the start of
SMEAT manned testing.

A1l hardware and supporting documentation was re&iewed to ensure
~ that test reports, data, waivers and deviations, hardware design versus
as-built configuration, anocmalies, and previoﬁs test conclusions were
adequate to support the test objectives of SMEAT. Iﬁdividual'certifica—
tion éign—off sheets were generated for each review item.

Acceptance Data Packages (ADP's) were reviewed to determine: present
configuration of hardware, differences beéween test and flight hardware,
and open items which required resoluticn in order that the SMEAT hard-
ware would meaningfully support the tast objectives. |

Resultant review deficiencies autcmatically required the initiation

of the following documentation:



RID's: Generated to document deficlencles and ensure adaequate
resolution prior to final certification unless waivered by the SMEAT
Review Committee. The RID index is included as Appendix C to this
report. -

Waivers: Documented existing hardware and/or documentation
deficiencies; authorized use Qf uncertified hardware to support SMEAT.
Waivers required review and signatures of the SMEAT Waiver Review
Committee. The Waiver Tndéex 1s Tutruivd as Appendix D to this report.

| The hardware review team during.their subsequenﬁ‘reviéws of the‘
available documentation and hardware generated a total.of two hundred
and fourty-five (2L45) RID's requiring additional informaticn/resolution )
prior to certifying the hardware as ready for test.

Positive corrective action was not feasible on hT‘RID's and requir?d.
SMEAT waivers. SMEAT waivers were suﬁmitted with adequate engineering

rationale to the SMEAT Waiver Cormittee for their consideration and

subsequent approval.

Special Hardware Testing - Speciel testing was conducted and supported
by Qudlity Assurance. Tests were initiated where certification/recertifi-
cation was required in certain areas of concern (i.e., O compatibility

and preinstallation acceptance tests prior to chamber instsllaticn).

TRRB - TRRB summary sheets were reviewed to ensure proper status
of hardwere. The TBR cheets were then submitted to the TRZ2 for review

in order to assess the current status of the facility and experiment
hardware. |

~All TRR sheets that were facility and/or medical hardware oriented
were finally signed by the Board assuring the state-of-readiness in

support of SMEAT.



Hardware Installation/Removal and Checkout - The SR&QA organization

provided surveillance buildup of all facility systems including installa-
tion/removal of medical experiments hardware. All work was aécomplished
using the MSC Test Preparation Sheet (TPS) system as outlined in
MSCM 5312. Any discrepancies noted during this time required the
initiation of a DR/MRR. IDR's, by mutual consent, were generated only
after the commencement of the 56-day manned test.

Slnce all TPS's were controlled by.QA, the associated- index wao
utilized at daily meetings to assess the quantlty of open items.
Significant problems were identified and specific action itéms were

assigned to responsible personnel for resolution in a scheduled manner.

Configuration/Control

SMEAT configuration is broken into the following categories:

Configuration - Medical Hardware - The overall medical equipment
required to support SMEAT was delineated in the "SMEAT Stcwage List".

This document was updated (listing additional equipment required) via

the Stowage List Change Notice (SICN). This document provided a single
!

point control for configuration of medical hardware in the chamber and
required periodic programmed chamber inventories of this hardware to
verify status. All hardware was installed via a TPS and required

Quality Assurance buy-off. ;

Control - Medical Hardware - Quality Assurance formulated and

implemented the SMEAT Program Chamber Medical Hardware Installation and
Certification Plan (Figure 46) which allowed Quality Assurance to control
and track hardware installation as well as ensure installed hardware

certification.



: Configuration - Facility Chamber - The facility configuration is

comprised of basic chamber hardware and associated loose equipment
required to interface the medical experiments to the chamber facility.
The SMEAT facility top drawing defines and authorizes installation of
this hardware. Any hardware installations not in accordance with the
top drawing required initiation of formal engineering documentation.
The formal MSC TPS system was utilized as the vehicle fo? authorizing

actual hardware installations.

Control - Facility Chamber - Control of harawaré cbnfiguration was

accomplished by the aforementioned top drawing and engineering changes. r
In addition, the TPS's generated to install the hardware were tracked
and periodically inventoried against the SMEAT facility top drawing.

Nonconformance Reporting - The documenting of SMEAT nonconformances

was accomplished utilizing the MSC Discrepancy Report/Material Review
© Board (DR/MRB) system as delineated in MSCM 5212.

Since the supporting medical experimenté are comprised of flight,
qualification, training, prototype, and Design Verification Tést Unit
(DVTUj type hardware, some nonconformances were unique to that particular
unit and did not affect flight hardware. Therefore, only RID's and/or
waivers were generated, rath;r than railure Investigation Action Report
(FIAR's).

Any major nonconformances which effeémed flight hardware were trans-
ferred to a FIAR which was submitted to Problem Assessment Engineering
(PAE) and for inclusion in the Open Problem Ligt (OPL) for formal

tracking and closeout.



Manacement Visibility Support - Quality Assurance supplied menagement

visibility by maintaining and publishing the following documents:

Chamber Hardware Tracking Book, yhich provided up-to-date inventory
of all hardware installed in the 20-ft chamber.

SMEAT Hardware Status (published weekly), which reflected chamber
configuration and support requdired, by discipline (safety, Reliability,
Quality Assurance - Technical Monitors), to complete haraware certifica-
tion.

Progress Report (weekly), which appraised management of éurréﬁ£
activity, special milestone schedules, behind-schedule reviews, and g
significant pending problems.

Maintained/status of open DR's and TPS's for the daily SMEAT

meeting.

TEST SUPPORT

SR&QA érovided real-time support to the SMEAT test team ensuring
thétiMSC Reliability, Safety, and Quality Assurance protocols were
adhered to during the test phase. To accomplish this, the following
respcnsibilities were assume? by Quality Assurance and Safety in the
Facility area (Building T), Medical Experiments area (Building 36),

and Data Review area (Building- 36).

Test Team Particivation - Quality Assurance and Safety personnel

participated as test team members during the entire SIMEAT Programn.
Specific responsibilities included: control of all hardware removal/

installation; surveillance of all asscciated testing; verification of



chamber lock transfers; initiation of IDR's/DR's, review of resolution
and recurrence control of problems identified by IDR's/DR's with
responsible engineering personnel; and_suppoft of the various daily
test management meetings.

Since the SMEAT test was conducted in Building 7 and all real-time
data was displayed in Building 36 at the Medical Experiments Officer (EO)
console, it was also necessary to provide Quality Engineéring coverage
to support this test station during the conduct of all major medical'
experiment activities. Quality Engineering supportiég'fhis station
initiated IDR's as outlined in the "Discrepszncy Reporting” paragraph of °
this section.

Safety also periodically (programmed) mcrnitored all internal
chamber compartments via the'portablevTV system operated by a crew
member. This coverage provided Safety the opportunity to examine any
area suspected of becoming a hazard or potential hazard to the crew or
facility.

Discrepancy Reporting - SMEAT test anomalies and IDR's, were documented

from éhe following sources: as incidents were reported over the communica-
tions network, visual monitoring of displays, review of stirip charts and
other readcuts, discussions with respcnsiﬁle sngineering organizations,
daily test crew debriefing reports, and morning statﬁs rmeetings. Upon
initiation, the IDR's were forwarded to the ZIZAT test facility for
tracking and assignment to responsible enginszring groups Ior dispositicn
and corrective action. IDR's initiated on the medicai experiments

hardware were assigned to the EO in Building 26 for cognizance and
reassignment to the respective responsible Frcject Engineers. Copiles

of the IDR's and IDR indexes were forwarded to the Skylab Program Office



‘for their assessment of impact on future Skylab missions. When the IDR,

through engineering analysis and/ér troubleshocoting, had been isolated
to a major system or component, it was then fransﬂerred to a DR for
subsequent hardware problem resolution. Quality Assurance, during the
conduct of the SMEAT, also maintained a tabulation of the IDR's generated
on the major medical experimeﬁts. This tabulation described the problem
and status on a weekly basis.

A description and status for each IDR are compiled in.Appéndix E,
"SMEAT Medical Hardware Problem List." St |

Failure Reporting - Failure reports were generated on medical o4

hardware problems where SMEAT hardware configuration was similar or
identical to flight hardware. There was a total of 46 failures reported
during SMEAT testing. For a.description of the failures and their

status, refer to the "SMEAT Medical Hardware Problem List" included in
this test report {(Appendix E). All FIAR's were sent to the Problem
Assessment Engineer (PAE) for formal distribution to responsible personnel
and for tracking via the weekly Open Problem List (OPL) which was

published and reviewed by the Program Office weekly.

Problem Assessment Meeting/Supvort - Test Overation Managzement
Committee - Convened daily £§ discuss: previous day'sianomalies (IDR/DR)
and activities; unresolved concerns that might impact test schedules;
test support problems; changes to test ccﬁfiguration resulting frcnm

current anomalies; and timeline changes required to facilitate special

unscheduled tests.



Special Engineering. Hardware Committee - Convened. when anomalies

occurred that could impact further testing of specific facility and/or

medical experiment supporting. systems.
POST-TEST SUPPORT

ADP's - All hardware ADP's will be reviewed and ﬁpdated by the
Quality Assurance Records Ceh%er.‘ Inclusion éf all anomalies and
nonconformances incurred during the SMEAT Prooram w1ll be ensured.

Hardware - Utilizing the SMEAT Hardware Stowage Llst (Revision F)
as a baseline for chamber-installed equipment, Quality Assurance will
establish a "Chamber beactivation Scheme" to ensure that all hardware
is removed and routed to the appropriate designee, as defined in the
stowage list.

A1l hardware will be removed utilizing the MSC TPS system, as
defined in MSCM 5312. All TPS numbers will be issued and tracked by
the Quality Assurance Record Center in Building 7 in order to maintain
single point control. All TPS's will be signed by Quality Assurance
and the Technical Monitor.

IDR/DR/FIAR'S - SR%QA will review all open anomalies, IDR's, DR's,

and FIAR's with responsible hardware technical monitors for technical
resolution and nonrecurrence control, as required. SR&QA will review

all anomalies for flight impact and will ensure the generation of formal

FIAR's, if required.

Anomaly Tracking - Quality Assurance will maintain "SMEAT Hardware

Problem List" status to ensure final disposition of all SMEAT anomalles.



Formal Test Reports - Generation of the Safety, Reliability, and

Quality Assurance Test Reports were required by September 29, 1972.

These test reports reflected test team support activities, test conduct,
and anomalies encountered. In addition, Quality Assurance will integrate
these reports to form the overall SR&QA SMEAT Test Report which will

then be integrated into the formal NASA/MSC SMEAT Test Report.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations for future tests are
14

summarized as gathered from the system.

a.> The test facility provided the desired enviromment for the full
56-day period without any major problem.

b. Operational problems with facility systems were of a minor
nature and were corrected during the test without test interruption.

c. Apollo suit fans used for moving the chamber environment through
the lithium hydroxide canister and for odor removal were noisy inside
the chamber. Pre-test activity corrected this problem by removing the
lithium hydroxide blower from inside the chamber and locating it in a
duct wiﬁh sound deafening baffles outside the chamber. The odor removing
fan was used intermittently and was found acceptable to remain inside
the chamber.

d. Potential hardware problems were Eecognized which could have had
impact on Skylab flight hardware. Récognition of these problems at this
time afforded time for analysis and resolution prior to Skylab use.

e. A higher degree of confidence was gained in the ability of the

medical hardware to support the Skylab objectives.



f. Skylab Flight Cdntrol personnel and Principal Experiment
.Investigators participatéd in SMEAT under simulated MSFN (Manned Space
Flight Network) conditions to evaluate their support required for actual
Skylab missions. Areas of imﬁrovement were noted and will be incorporated
in supporting Skylab missions.

g. Safety, Reliability, and Quality Assurance were exposed as a
team to the integrated performance of Skylab medical hardvare and as a
result, have a better understanding to develop their overa}l plan to
support actual Skylab missions. RE

h. Nommetallic materials computer control program proved highly .
successful and is recommended to be utilized in all future manned tests.

i. Good housekeeping controls were found to be a workable méthod
for limiting the amount of exposed nonmetallic materials in the oxygen--
enriched environment.

Je Personhel participating in 1l2-hour shifts without rotating
duty hours proved mcst satisfactory. It is recommended that this duty
cycle be considered for future long-term manned tests especiaily when
personnel availability is limited.

k.. For future tests the following improvements are recommended for
the SMEAT chamber: ¥

| (1) TImprove water removal from gas analysis system..

(2) Replace blower shaft bearihgs with an improved life bearing.

(3) Rearrange support systems‘to improve logistics of bottle
changeout. _ .

(4) Provide for additional redundancy pﬁmp in the freezer

coolant pumping system or cycle the coolant pump rather than operate

continuously.



e

(5) Improve the interface connection for telepho

ne use by
test subjects in the oxygen environment. !
(6) Purther improvement is reéommended in an instructional
program for craftsmen who accomplish the electrical wiring in the

chamber to impress on them the requirement for quality workmanship

to avoid hazards in the oxygen-rich environment.
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