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FOREWORD

The Skylab program was established to determine man's ability to
live and work in space for extended periods; to determine and evaluate
man's physiological responses and aptitudes in the space environment and
his postflight adaptation to the terrestrial environment; to extend the
science of solar astronomy beyond the limits of earth-based observations;
to develop improved techniques for surveying earth resources from space;
and to expand the knowledge in a variety of other scientific and techno-
logical regimes.

The program activity was planned for four distinct phases of opera-
tion:

a. The plaicment of a Saturn Workshop into earth orbit;
b. The first visit, intended for a period of 28 days;

c, The second visit, intended for a period of 56 days, but extended
to 59 days; and

d. The third visit, also intended for a period of 56 days, but ex-
tended to 84 days.

This report constitutes the Johnson Space Center's evaluation of the
third Skylab vieit. The report contains the information available 90 days
after the completion of the visit.
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1.0 INTRODUCTION

This report contains an evaluation of operational and engineering
aspects of the third Skylab visit, It includes the performance of the
command and service module and the experiment hardware under Johnson Space
Center management; the crew's evaluation of the visit; and other visit-
related areas of interest such as biomedical observations. Where contin-
ued evaluation has resulted in the modification of findings reported pre-
viously, the new findings are included herein. Launch vehicle perform-
ance is contained in reference 1. Scientific results will be reported
in accordance with reference 2,

In areas where applicable, a summary of system or experiment per-
formance during all three visits of the Skylab .dission is included. The
information in the summary statements concerning the first two visits was
extracted from references 3 and 4.

The command and service module consisted of basic hardware developed
for the Apollo program. A description of the command and service module
systems is given in reference 5. Descriptions of items furnished for
the first time or which have not been described previously are contained
in appendix A of this report.

The international system of units (SI) is used with the exception of
certain units used in physiological measurements. Unless otherwise speci-
fied, time is expressed as Greenwich mean time (G.m.t.) in hours, minutes,
and secords, or in hours and minutes.
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2.0 SUMMARY

The third visit space vehicle was launched at 14:01:23 G.m.t.
(9:01:23 a.m, e.s.t.) on November 16, 1973, from Launch Complex 39B at
the Kennedy Space Center, Florida. The vehicle was manned by Lt. Col.
Geraia P, Carr, Commander; Dr, Edward G. Gibson, Scientist Pilot; and
Col, William R, Pogue, Pilot. The launch was originally scheduled for
November 10, 1973; however, an inspection of the launch vehicle revealed
cracks in the first stage fins and the decision to replace all of the fins
necessitated the launch delay. The planned duration of the visit was 56
days with the option of extending it to a maximum of 84 days, which was
achieved,

The space vehicle consisted of a modified Apollo command and service
module and a Saturn IB launch vehicle. All launch phase events were nor-~
mal and the command and service module was inserted into a 150.1- by
227,08-kilometer orbit. The rendezvous sequence was performed according
to the nominal timeline. Stationkeeping was initiated about 7 1/2 hours
after i1ift-off and hard docking was achieved about 30 minutes later fol-
lowing two unsuccessful docking attempts.

Orbital Workshop activation was accomplished during visit days 2
through 4., Included in the activation was the reservicing of the Airlock
Module primary coolant loop.

The Commander and Pilct experienced symptoms resembling motion sick-
ness during the initial 3 days of the visit and the flight plan activ-
ities were adjusted accordingiy. Crew health was good thereafter. The
same medical experiments conducted during the first and second visits
were continued during the third visit to assess the effects of the space
visit on the crewmen. However, some changes were made in protocols and
many new medical detailed test objectives were added.

Earth Resources Experiment Package observations were conducted
throughout the visit. Thirty-nine data passes were performed with the
full complement of instruments operating, and several additional data
passes were made for special purposes such as instrument calibration.
Although the data acquisition sites were mostly concentrated in the
United States, Mexico, and South America, data were also obtained while
over Europe, Africa, Asia, and Australia., In addition to the Earth Re-
sources Experiment Package observations, about 850 visual observations
and more than 2000 photographs were taken by the crew using hand-held
cameras to document specific areas of interest on the earth.
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The Apollo Telescope Mount was operated by the crew for a total time
of approximately 519 hours with over 337 hours of solar, stellar, and
Comet Kohoutek data being obtained. Some of the significant accomplish-
ments were obtaining coverage of the Comet Kohoutek, a solar eclipse, the
brightest coronal transient observed during the Skylab rrogram, and two
solar flares which included flare rise.

Twenty-eight experiments in the fields of astrophysics, engineering,
and technology were included in the third visit and 235 crew man-hours
were devoted to their performance. More than 200 man-hours were devoted
to Comet Kohoutek observations with six special experiments plus the
Apollo Telescope Mount instruments. .

Orbital activities included four periods of extravehicular activity
totaling approximately 22 1/4 hours. The first extravehicular activity
was accomplished on visit day 7 and lasted 6 hours 34 minutes., The pri-
mary purpose of the activity — installation of film magazines in the
Apollo Telescope Mount cameras — was accomplished satisfactorily. Other
tasks accomplished included performing corrective maintenance on the ex-
periment 5193 (Microwave Radiometer/Scatterometer and Altimeter) antenna,
deploying panels of experiment D024 (Thermal Control Coatings), deploying
impact detectors of experiment 5149 (Particle Collection), deploying de-
tector modules of experiment S228 (Trans-Uranic Cosmic Rays), and deploy-
ing collector assemblies of experiment S230 (Magnetospheric Particle Com-
position).

The second and third extravehicular activiti. were conducted on
visit days 40 {Christmas Day) and 44 to allow extravehicular photography
of the Comet Kohoutek prior to and after perihelion. The instruments for
experiments S201 and T025 were used for this purpose. Experiment S020
(X-Ray/Ultraviolet Solar Photography) was also conducted on the second
and third extravehicular activities. Other tasks performed during the
visit day 40 extravehicular activity ronsisted of replacing film maga-
zines in the Apollo Telescope Mount cameras, pinning open the door of
experiment S082A (Extreme Ultraviolet Spectroheliograph), manually repo-
sitioning the filter wheel on experiment S054 (X-Ray Spectrographic Tel-
escope), and retrieving experiment 5149 impact detectors. The duration
of the second extravehicular activity was 6 hours 54 minutes, and the
duration of the third extravehicular activity was 3 hours 29 minutes.

The fourth and final extravehicular activity was performed on visit
day 80. The major tasks accomplished consisted of retrieval of the Apollc
Telescope Mount fiim, an additional performance of experiment S020, and
performance of experiment TO025., Other tasks consisted of retrieval of
modules, panels, assemblies and samples that were to be returned to the
ground for analysis, and deployment of cassettes and panels for potential
retrieval in the future, The duration of the fourth extravehicular ac-
tivity was 5 hours 19 minutes.
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The command and service module was undocked from the Saturn Workshop
at about 10:28 G.m.t., on February 8, 1974, A flyaround inspection of the
Workshop was made following undocking. Prior to entry, the crew was ad-
vised to disable reaction control system 2 because of a suspected propel-
lant leak and the entry was made using only system 1., The command mod-
ule landed in the Pacific Ocean at 15:16:54 G.m.t. on visit day 85 for a
flight duration of 84 days 1 hour 15 minutes 31 seconds. The landing
point was 289 kilometers southwest of San Diego, California. The space-
craft went into the stable II attitude upon landing but was uprighted
normally and the command module and crew were taken aboard the recovery
ship U.5.5. New Orleans approximately 40 minutes after landing.

With this third visit landing, the Skylab mission was concluded. The
total flight time for the three visits was 4117 hours 14 minutes and 24
seconds during which the nine crewmen accrued a total of 12 351 hours 43
minutes and 12 seconds of flight time,




e v

e,

3.0 SCIENCE

3.1 SOLAR PHYSICS AND ASTROPHYSICS

Experiments S019 (Ultraviolet Stellar Zstronomy), S020 (X-ray/Ultra-
violet Solar Photography), S063 (Ultraviolet and Visible Earth Photography)
and S201 (Extreme Ultraviolet Electronographic Camera) were performed us-
ing the anti-solar scientific airlock. Solar exposure of experiment S149
(Particle Collection) was achieved by extravehicular deployment during
the visit, Experiment 5230 (Magnetospheric Particle Composition) was a
passive experiment that required extravehicular retcieval of collector
foils during the visit. Experiment S232 (Barium Plasma Observations) was
performed from the command and service module windows in conjunction with
an earth-launched rocket,

3.1.1 Experiment S019 - Ultraviolet Stellar Astronomy

The S019 experiment recorded stellar spectra in the 1300 to 5000 ang~
strom range from an objective prism spectrograph. The experiment objec-
tives for the third visit were primarily based on obtaining spectra from
Milky Way star fields and Comet Kohoutek. (A discussion of Comet Kohoutek
observations is given i~ sec. 3.2.,1.) Experiment operations on the third
visit resulted in 121 frames of 60 star fields. Figure 3-1 is an example
of two star fields photographed with the S019 experiment, Typically, a
frame of experiment data contains one star with spectra extending to 1500
angstroms and four stars with spectra extending to 2000 angstroms per
star field,

The replacement mirror for the articulated mirror system was installed
on visit day 10. The crew commented that the new mirror was dustier than
the 0ld mirror and that three faint, narrow, white streaks were observed
near the edge of the new mirror. A slight hand-mark smudge was inadver-
tently made on the new mirror surface during installation,

On visit day 11, the crew reported that the reticle light was not
on when film canister 003 was used. The reticle light apparently was not
turned off following the visit day 10 operations and this allowed the bat-
tery to discharge. When film canister 002 was used on visit day 27, its
reticle light functioned properly.

On visit day 39, a problem was experienced with film canister 002
when the handle could not be moved into the slide retract position. On
visit day 58, the canister was believed to have been restored to service
when extra force was applied to the handle., While off-loading the film
after the visit a slide was found jammed at an angle in the exposure gate
track preventing the carriage from extending. Section 16.2.3 contains a
discussion of this anomaly.
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The supergiant stars § and € Oriomis show very broad absorption lines with
redward emission at CI A1548 (a) and at SILAAL394, 1403, (b),
The fact that these features are strongly correlated to the luminosity of
the star is strikingly illustrated by the spectra of main sequence stars &
and @ Orionis 1n which only weak, sharp absorption at CI¥l is seen.

In the giant stars 8 and ¢ Orionis the SIIV features are much weaker

than in the supergiants and emission at CI¥ is significantly weaker.

Fiqure 3-1.~ Luminosity effects in experiment SO19 ultraviolet spectra of early-type stars.
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The articulated mirror system tilt and rotation unit counter condi~
tion worsened during this visit, On visit day 29, the crew reported see-
ing flakes of paint floating inside the rotation counter housing. On
visit day 48, while the articulated mirror system was being used with ex-
periment S063, the crew reported that the rotation counter hundreds and
tens belt was not functioning., A malfunction procedure which enabled
positioning the mirror to the nearest 175 milliradians by counting the
number of revolutions of the rotation handle was used by the crew. The
functioning units and tenths wheels of the counter were then used for the
fine settings., This procedure allowed the articulated mirror system to
remain functional for the balance of the visit. Section 16.2.4 contains
a discussion of this anomaly.

On visit day 53, a problem occurred with film canister 003 when the
handle could not be moved into the slide retract position using normal
force. When approximately three times the normal force was applied, the
handle moved. When the film was off-loaded after the visit, a loose ny-
lon retainer was found. Section 16.2.3 contains a discussion of this
anomaly.

The output stacks of film canistexs 002 and 003 contained 56 and 81
transferred slides, respectively. A preliminary review of the experiment
S019 film indicates that the spectra quality are good and fully recover-
able by spectrophotometry but some film fogging did occur (about the same
level as seen on the second visit film)., Visual inspection of the spec-
tra indicate that the ultraviolet reflectivity was improved by the mirror
change.

3.1.2 Experiment S020 - X-Ray/Ultraviolet Solar Photography

The S020 experiment recorded solar spectra in the 10 to 200 angstrom
range with a grazing incidence diffraction grating spectrograph. The ex-
periment was originally planned to be operated from the solar scientific
airlock; however, after the use of this airlock was lost to experiments
because of the parasol deployment on the first visit, the experiment op-
erations were performed during extravehicular activities., All hardware
components functioned satisfactorily.

Nine photographs of the sun were taken during three of the four ex-
travehicular activities of the third visit., The functional objectives
for experiment S020 as revised for extravehicular operation were success-
fully completed and one of the major original objectives (spectra of a
solar flare) was also obtained during one of the exposures. Solar spec~
tral data exposures were made as follows:

a. Visit day 40 ~ four exposures (60, 30, 13, and 7.5 minutes)
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b. Visit day 44 -~ one exposure (45 minutes)
c. Visit day 80 - four exposures (60, 30, 7.5 and 4 minutes)

Figure 3-2 shows two of the exposures from the third visit opera-
tions. On each of the photographs, more than 70 lines were recorded in
the 111 to 205 angstrom range. These spectra are superior to others
taken of this region; however, the quantity of spectral lines is signif-
icantly less than expected with almost no data obtained in the short wave~
length portion below 110 angstroms. One exposure was lost because of an
empty slot in a film magazine resulting from human error during preflight
film loading.

The lack of short wavelength data necessitated the measurement of
filter transmission after recovery. The short wavelength (indium) filter
had zero transmission below 110 angstroms, whereas the long wavelength
(beryllium) filter had only slight degradation at wavelengths greater than
those observed by this experiment., Spare filters of both types from the
same manufactured lot as the flight filters showed no degradation when
tested, The most probable cause of the zero transmission is contamina-
tion,

3.1.3 Experiment 5063 -~ Ultraviolet and Visible Earth Photography

A total of 497 experiment S063 photographs were taken during the
third visit, Fhotographs were made with the motor-driven 35-mm cameras,
using various filter, lens and film combinations., The experiment objec-
tives, which were to obtain spatial and spectral information on the earth's
airglow, upper atmospheric ozone, auroras, noctilucent clouds and Comet
Kohoutek, were successfully completed. The use of the experiment hard-
ware for the comet observations is discussed in section 3.2.2.

Data were accrued in three modes during this visit., The ozone photo-~
graphic mode was accomplished in the normal manner at the -Z axis scien~-
tific airlock and the wardroom window. The airglow photoeraphic mode was
accomplished by utilizing the experiment S063/articulated mirror system
adapter and the articulated mirror system at the -Z scientific airlock.
The 35-mm camera was also utilized in a hand-held mode at the windows for
noctilucent cloud photography.

During the first airglow photography on visit day 26, manual operation
of the camera was required because the battery had not been placed in the
timer during experiment preparations. Another timer problem was caused by
a discharged battery on visit day 30. The problem was corrected by in=-
stalling a new battery and, after removal, taping it to the housing after
each usage.
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The optical sight reticle could not be illuminated on visit day 30
because of a discharged battery. A malfunction procedure was uplinked
which consisted of taping two C-cell batteries in series with two multi-
meter leads and plugging these into the battery housing., This allowed
the reticle to be restored on visit day 55 for the remainder of the mis-
sion,

A preliminary visual review of the film indicates some large varia-
tions in image quality, thus the evaluation of data quality and the degree
of experiment success will require some film processing enhancements and
microdensitometry.

An out-of-focus condition when using camera 02 during the visit
greatly reduced the usefulness of the ozone photography, and virtually
negated the scientific value of the airglow photography. This anomaly
is discussed in section 16.3.3.

2.1.4 Experiment S149 - Particle Collection

The 5149 experiment collected micrometeorite data to support mass
distribution, composition, and morphology studies of cosmic dust. One
set of the experiment S149 collector cassettes was deployed by the third
visit crew during the first extravehicular activity on visit day 7 and
was retrieved during the second extravehicular activity on visit day 40,
Another set of collector cassettes was deployed during the fourth extra-
vehicular activity on visi+ day 80 for retrieval if the Orbital Workshop
is ever revisited. The functional objectives for this experiment were
successfully completed.

Generally, little evidence of particulate contamination exists, A
silver slide and several copper slides were oxidized, but to a lesser ex-
tent than on the first solar exposure during the second visit.

A preliminary review of the cassettes has confirmed that a success-
ful scientific exposure was obtained. These data are considered extremely
valuable as are the data from previous exposures. The detalled analysis
is in the initial stage and the first crater has been found.

Figure 3-3 is an electron micrograph of an impact crater found on a
stainless steel surface exposed during the third visit. The number of
impacts found is in general agreement with the second visit exposure.
Only a very small area has been examined for sub~micron events, but even
from this small area, it is clear that large numbers of small particles
impacted the thin films. Information regarding micrometeoroid impact on
the command module windows will be presented in supplement 1.
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3.1.F Experiment S201 - Extreme Ultraviolet Camera

The hardware used for the S201 experiment was the backup hardware
for the far ultraviolet photography of the earth from the lunar surfac-
during the Apollo 16 mission. The equipment is described in appendix A.

The experiment 5201 hardware performed well on the third vist, The
The crew comments criticized only the ''sequencer/operating light" on the
control box as being too dim, and the wing bolts on the front cover which
were difficult to tighten during the extravehicular activity.

The daca collected by this experiment were basically obtained from
three classes of targets, These classes were groups and clusters of gal-
axies where it was hoped that intergalactic hydrogen could be detected;
individual stars and nebulae (fig. 3-4) from vhaich a study will provide
more information about the physical conditions of these objects; and the
auroras and airglow of the earth's atmosphere. An additional objective
was to use the S201 instrument to investigate the effects on the upper
atmosphere produced by tue passage of a vocket launched from the ground.
Comet Kohoutek applications are discussed in section 3.2.3,

The three processed films show that the film transport system, when
warm during the extravehicular activity, advanced the filn as much as
10 centimeters between exposures. This compares to a 3~ to S~centimeter
advance experienced in the cooler environment of the Workshop. Similar
advances were experienced on the Apollo 16 mission and they were attrib-
uted to a reduction in film stiffness and thermal changes to the system.
This reduced the number of exposed frames from 185 to 146 on the second
film loaded; the other two films, exposed entirely in the Orbital Work-
shop, have all the frames exposed.,

Some reduction in data quality was caused by water that condensed
inside the film transports during the landing phase. This water caused
fogging streaks and other irregularities in the processed film, degrading
about 25 percent of the exposed frames. In addition, residual gas in the
scientific airlock during experiment S201 operation apparently caused
electric discharges at various times and these added to the background
irregularities on the films. The most serious degradation was a progres-
sive loss of camera sensitivity which mostly affected the third film
loaded. Although the crew allowed the canister to outgas 30 minutes af-
ter scientific airlock depressurization before power was turned on, it
appears that the central region of the photo-cathode was degraded by at
least a factor of 2 during the first seven operations, totaling 168 min-
utes of use, and sustained further loss of sensitivity during the remain-
ing 10 operations.
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3.1.6 Experiment S230 ~ Magnetospheric Particle Composition

The third visit crew returned the last two foil collectors of exper-
iment S230 (ref. 5). One of the collectors had been left exposed at the
end of the second visit to provide long-term (180 days) exposure . .- .rma=-
tion. This collector was found to be in good condition. The second col-
lector, which was installed edrly in the third visit, was damaged by the
air stream from the pressure equalization valve during repressurization
of the Airlock Module after the final extravehicular activity. Two cf
the six foil strips were damaged; however, one strip can be complately
reconstructed and 60 percent of the second strip is available for recon-
structicon. This will not significantly degrade the total data available
from this collector.

Summary of results.- All five collecto~. from this experiment are in
storage in Bern, Switzerland, where they wlii be subd?vided and analyzed
in a ultra~high vacuum mass spectrometer, a d - tructive analysis technique,

Preliminary data from the first two sets of foii sections to be proc-
egsed indicate that the foils collected precipitated magnetospheric par-~
ticles as expected, The fluxes are sufficiently large tc measure several
noble gas isotopes. Sufficient He3 was detected relative to the He"
present in the foils to identify the majority of particles precipitating
in the aurora to be of solar wind origin,

3.1.7 Experiment S232 -~ Barium Plasma Observations

The S$232 experiment investigated the earth's magnetic field through
visual observations and photography of a high-altitude luminescent cloud
of ionized barium, The barium was transported to altitude by a rocket
launched from Poker Flat, Alaska. A shaped charge was fired when the
rocket reached am altitude of 560 kilometers and the barium was propelled
out to several thousand kilometers. The ionized particles tended to be -
come oriented along the magnetic field lines, thereby providing a brief
view of the local magnetic field geometry.

Opportunities to perform experiment S$232 were limited because of
the constraints of the requirement of good weather conditions at several
ground viewing stations, the lighting (dawn or twilighr) necessary for
viewing the phenomena, and the Saturn Workshop's position in orbit. A
successful rocket launch was made on visit day 12, and the Pilot observed
and photographed the barium cloud. Approximately 25 photographs were
taken during the dawn conditions, but visual concact with the cloud was
lost as the Workshop care into daylight #nd the sunlight was reflected
off the discone antenna.

No further opportunities occurred during the third visit for per=~
forming the S232 experiment.
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3.2 COMET KOHOUTEK EXPERIMENTS

This section contains those experiments which were added specifi-
cally to collect data on Comet Kohoutek. Since Comet Kohoutek was dis-
covered only a few weeks prior to the first visit, a great deal of activ-
ity was required to provide new hardware and develop operational tech-
niques in a relatively short time. A program of experiments was selected
which would cover the expected comet spectra.

Special extravehicular camera brackets, filters, and special film are
examples of hardware which was developed for comet observations. This
hardware, when integrated with that hardware already onboard the Orbital
Workshop, functioned very well,

The Comet Kohoutek observations were part of a coordinated program
which included ground observations; rocket, balloun, and aircraft opera-
tions; and unmanned spacecraft observations. The preliminary results
from these iuvestigations was the subject of a special conference at the
Marshall Space Flight Center conducted on June 13 and 14, 1974. The pro-
ceedings will be published separately as a NASA report. Brief descrip-
tions of only the experiments managed by the Johnson Space Center pertin-
ent to the comet are presented in this section,

3.2.1 Experiment S019K - Ultraviolet Prismatic Imaging

O..e of the special objectives on this mission was spectroscopy of
Comet Kohoutek. The same hardware was used with Comet Kohoutek observa-
tions as was used with experiment S019. Problems with the hardware are
discussed in section 3.1.1l.

Usable images of the comet were obtained on nine separate dates.
Several of these are illustrated in figure 3-5, Although dispersion is
evident in the nucleus of the comet, no data are visible in the wave-
lengths shorter than 3000 angstroms. This is due primarily to the less-
than-expected brightness of the comet., However, the nuclear images of
December 13 and December 16, 1973, and January 7, 1974, show a distinct
image at the position of hydroxyl wavelength 3090, which should yield
valuable data on the development of this emission band.

3.2.2 Experiment S063K - Ultraviolet and Visible
T'ultispectral Photographic Imaging

A specially designed adapter was used with experiment S063 for hand-
held photography of Comet Kohoutek on two occasions. This adapter allowed
the experiment T025 filter trays to be utilized for collection of S063K
data.
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Frgure 3-5,- Objective-prism images of Comet Kohoutek obtamed by Skylab expe iment S019K.
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From top to bottom, the dates and exposure times are: December 13
(200 sec), December 16 (270 sec), January 7 (400 sec),

Januvary 8 (500 sec), and January 11 (720 sec). Several

stellar spectra appear on the exposure taken on December 16,

The star directly below the comet, Pt Scarpio, was occulted

ty the comet five hous later. The double image of the nucleus

on the first three dates 1s probably due to the separation of the
hydroxyl wavelength 3090 image from the remainder of the bl 2-
violet radiation,
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There were also 15 periods of data collection utilizing both the
T025 filter trays and canister assembly (with occulting disk removed)
mounted onto the articulated mirror system at the -Z scientific airlock.

3.2.3 Experiment S201K - Hydrogen Lyman Alpha and
Ultraviolet Photography

Over 500 frames of data were taken of Comet Kohoutek with this ex-
periment, The problems discussed in section 3.1.5 resulted in some deg-
radation of the data; however, over 40 usable lithium fluoride images
and 40 calcium fluoride images of Comet Kohoutek that were taken on 10
separate days were received.

The photograph in figure 3-6 shows the Comet Kohoutek hydrogen halo.
The oxygen halo exposure (fig. 3-7) taken during the visit day 40 extra-
vehicular activity show a thin tail almost 35 milliradians long, which
may be the dust tail scattering far ultraviolet sunlight, The photo-
graphs have revealed more about the comet's far ultraviolet emission than
any other experiment. Thus, the experiment objective to photograph Comet
Kohoutek was fulfilled.

3.2.4 Experiment TO025K - Ultraviolet and Visual Bandpass
Photographic Observation

Forty exposures were obtained of Comet Kohoutek during each of the
extravehicular activities on visit days 40 and 44. However, the 35-mm
camera used was subsequently determined to have malfunctioned and little
or no useful data were obtained. This anomaly is discussed in section
16.3.3.

3.3 MEDICAL EXPERIMENTS

Medical experiments continued to be a major component of the working
hours for Skylab throughout the third visit. Many new medical detailed
test objectives were added and are discussed with the major associated
experiments. Because the responses of the third visit crew did not indi-~
cate any significant fluctuations, a reduced frequency in performing the
protocols for the lower body negative pressure and human vestibular func~
tion experiments was required in the early and mid-visit period. In con~-
trast, extra hemoglobin and sleep monitoring data were collected to ex~
pand on the data in these categories., Because the visit was extended to
84 days, concentrated food bars rounded out the food intake schedule; the
same extension forced the use of 36-hour urine sampling periods because
the number of sampling bags was inadequate.
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Figure 3-6.- Hydrogen halo around Comet Kohoutek.
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Figure 3-7.- Oxygen halo from Comet Kohoutek,
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3.3.1 Experiment MO71l ~ Mineral Balance

To extend the duration of the Skylab third visit from 56 t» 84 days,
the original set of menus was augmented with a series of high~density
menus, which provided roughly one-half the calories from high-density
food bars (see sec. 5.1), and the balance from conventional Skylab foods
and Apollo beverages. The high~density menus contained more calcium and
nitrogen, and less water than the original Skylab menus, but the other
nutrients remained the same. The Skylab diet was instituted 27 days prior
to the flight and a nearly uniform excretion of the nutrients had been
achieved by the launch date. High-density menus were used every 3 days
during the preflight and flight phases of the third visit.

The crew adhered very closely to their planned menus that were aug-
mented by the calorie-adjustment foods provided for that purpose. Based
on bomb~calorimetry of the food, the inflight energy intake levels, shown
in the following table, indicate that energy consumption was within 100
kilocalories per day of the preflight level, Crew weight changes over
the duration of the visit were very small as shown in figure 3-8. The
Commander lost 0.05 kilogram, and the Scieatist Pilot and Pilot each lost
1.4 kilograms in comparing the weights on launch day with the inflight
mass measurement made on recovery day.

Preflight period, Inflight period,
kilocalories kilocalories
Crewman
Nominal Actual Nominal Actual
menu consumption | menu consumption

Commander 3126 3153 3173 3200
Scientist Pilot 2926 3090 2919 3082
Pilot 3198 3195 3173 3276

Control of the dietary intake of nutrients was an adequate means of
validating the predictions of the change in body composition during the
course of the visit, Nitrogen intake was within 10 percent of the pre-
flight values for every 6-day period, except that the Pilot fell 20 per-
cent below the preflight mean level during the first inflight period,
during which time he was nauseated, Calcium intake was 5 to 10 percent
higher inflight than immediately preflight mainly because the last pre-
flight high~density menu, which is high In calcium, was omitted at crew
request, The use of additional calcium-rich foods toward the end of the
visit resulted in one 6~day period for the Scientist Pilot and four 6~day
periods for the Pilot during which the calcium intake was more than 10
percent over the preflight mean.

T e
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Inflight collection and return of fecal and urine samples was en-
tirely satisfactory, with the loss of only one data point when a urine
bag was not sampled before being emptied. Because of the shortage of
urine sample bags, the crew made 36~hour collections of urine on 14 oc~
casions iInstead of 24~hour collections between visit days 52 and 79. The
impact of this procedure on the experiment was negligible,

The preflight urine and fecal analyses have beer completed, but only
the first few inflight urine and fecal samples have been analyzed at the
time of this writing. In those inflight samples analyzed a rise in uri-
nary nitrogen excretion was noted in all three crewmen in the first few
days, similar to that seen on previous visits, In view of the minimal
weight changes a negative nitrogen balance over a long period of the
visit would be unexpected,

The overall conduct of the mineral balance experiment was entirely
satisfactory during both the ground-based and inflight phases. The com-
promised experimental conditions that were accepted to permit the exten-
sion of the visit were more than compensated for by the scientific results
from a visit of this duration.

Mineral balance studies were performed on the three Skylab visits.
Results from the first two visits indicate that the composition of the
body 1is changed during exposure to weightlessness as evidenced by signif-
icant losses of calcium, nitrogen, and other nutrients. Analysis of the
third visit data are not yet complete; however, preliminary results show
that the caloric requirements during exposure to zero gravity are near
the one~g requirements,

Stereophotometric analysis of the body form consisted of stereomet-
ric photographs taken of each crewman four times during the preflight
period and three times during the postflight period, with the last post-
flight measurement scheduled for 31 days after recovery. All imagery has
been developed and is satisfactory. Analysis has been completed on two
of the four preflight measurements, and is continuing on the remaining
measurements.

Preflight and postflight stereoscopic photographs were taken of the
Skylab crewmembers. Stereoscopic photographs were attempted in flight on
the third visit. Analysis of the photographs from the first two visits
revealed a loss of volume from the body. Most of the loss occurred in
the legs, and probably resulted from disuse atrophy of skeletal muscles.
The data from the third visit have not as yet been reduced or analyzed,
although the data appears to be of good quality except for the inflight
photographs.,
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On the third visit, a standardized skin measurement technique was
used in which the same observer measured the thickness of folds of skin
at six points on the body surface using Lange skinfold calipers. Meas-
urements of a specific region of the triceps, subscapula (under the
shoulder blade), and abdomen were made on both sides of the body four
times during the preflight period and three times during the postflight
period., Some reduction in the mean triceps skinfold thickness was noted
on all three crewmen, but only the Pilot showed a statistically signifi-~
cant loss, After pooling the results for the three crewmen and making
appropriate adjustments for differences in skinfold thicknesses, the crew,
as a whole, lost about 10 percent of the skinfold thickness covering the
triceps. The significant losses in the triceps skinfold measurements more
likely represent a regional fat loss rather than a generalized loss, which
failed to appear in the other measurements. An interesting speculation
is that such a regional loss may be connected to the increased use of the
arms in zero gravity.

3.3.2 Experiment M073 -~ Biochemistry of Body Fluids

The preflight biochemistry of body fluids experiment operations were
successfully completed with minimum losses of data. Excellent baseline
values of all experimental parameters were obtained for each crewman. The
fluid intakes were reasonably well maintained throughout the inflight per-
iod; the sodium content appears to be slightly elevated.

The inflight collections were satisfactory; however, the extension
of the visit to 84 days resulted in a majority of the urine samples be-
ing only one~half size (approximately 50 milliliters rather than 122 mil-
l1iliters) in volume. A preservative of 10 grams of boric acid was added
to the urine pooling bags every other day to prevent sample degradation
in the event the urine freezing unit should fail. Several bags were re-
used because of an inadequate number of pooling bags. Also, 36-hour pools
were initiated to compensate for the shortage of sampling bags. The data
from these days will be grouped for 72-hour periods and the mean 24-hour
excretion will be obtained., The freezer temperature was maintained; how~
ever, the addition of the boric acid to the urine pool precluded the anal-
ysis of several compounds in the samples to which the boric acid was added.

A preliminary review of the inflight data reveals metabolic changes
in each man, suggesting a process of adaptation to the space flight envi~-
ronment. These changes were manifested by an apparent aldosteronism that
resulted in some sodium conservation and slight losses of potassium. To-
tal body exchangable potassium was decreased 4 to 12 percent in the three
men. Cortisol was significantly elevated in the inflight and postflight
samples from all three men. Epinephrine and norepinephrine were aecreased
in the inflight sample and increased in the postflight sample.
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Summary of results.- The data collected compare very favorably with
the overall results of the first two visits with the main difference be-
ing in the early phase of each visit.

3.3.3 Experiment MO74 - Specimen Mass Measurement

Both of the experiment M074 specimen mass measurement devices were
operative for use in measuring food residue and fecal masses during most
of the third visit.

On visit day 81, the rubber specimen restraint broke loose from the
frame of the device that was located in the waste management compartment;
however, the uanit located in the wardroom was used successfully during the
remaining 3 days of the visit,

Inflight calibrations were performed three times on each of the mass
measurement units. Three of the four mass measuring device calibration
weights were misplaced early in the visit, thus limiting the calibration
to two points (0 and 500 grams) on the devices.

Surmary of results.- The specimen mass measurement device demonstrated

reasonably good stability throughout all three visits, far hetter than
that required for operational purposes., These instruments demonstrated
routine mass measurement in space (for the first time) and performed ade-
quately for medical support purposes. In addition to the problems en-
countered on the third visit, ar electronic package failed during the
first manned visit and the package was subsequently replaced during the
second Skylab visit,

3.3.4 Experiment M172 - Body Mass Measurement

The body mass measuring experiment was conducted daily by each crew-
man, The device demonstrated accurate and simple mass measurement of the
body in zero gravity. For human mass measurements, repeatability of %50
grams was demonstrated, while the absolute maximum error was estimated to
be +400 grams or less.

On visit day 78, the crew reported that the thumb release mechanism
was inoperative, requiring actuation by use of the side release lever.

The body mass measuring device was calibrated three times during the
visit, The device had excellent performance and stability; for example,
urine samples were measured to an accuracy of a few grams when adequate
calibration means were available. The practicality of making mass meas-
urements, other than of the human bndy, was demonstrated on the most dif-
ficult material to measure using this method, namely liquids. Urine was
7 2asured during the second visit and Coolanol fluid during the third
visit,
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3.3.5 Experiment M078 ~ Bone Mineral Densitometry

Bone mineral measurements were performed on the right radius and ulna
(wrist bones) and the left os :alcis (heel bone) three times during the
preflight period and at varying times during the postflight period. All
measurements were performed without difficulty and all data were obtained
satisfactorily.

No bone mineral losses were observed in the radius and ulna of any of
the third visit crewmen. However some loss of bone mineral irom the os
calcis was noted in the Scientist Pilot on the first day after recovery
and some loss was noted in the Pilot on both the first and fourth day af-
ter recovery. No loss of bone mineral was noted in the os calcls of the
Commander.

Summary of results.- In summary, the postflight bone mineral findings
of the three Skylab crews suggest that the bone mineral losses seen in
weightlessness mirror the change patterns established from bed-rest
studies. No losses were seen in the radius and ulna on any crewman on
any of the visits. Bone mineral loss from the os calcis was found after
each visit as follows:

First visit: Scientist Pilot - on first day after recovery.

Second visit: Scientist Pilot - showed some significant loss which
returned to the baseline levels between 60 to 90 days after the flight.

Third visit: Pilot ~ on first and fourth day after recovery. Sci-
entist Pilot - on first day after recovery.

These changes do not represent a significant hazard for missions of
the Skylab visit durations.

3.3.6 Experiment M092 - Lower Body Negative Pressure

A crew~implemented plumbing modification to the experiment vacuum
source was accomplished prior to the first usage by the third visit crew.
The modification was made to obtain a vacuum source for the experiment
while precluding the propulsive venting vehicle disturbances experienced
on the previous visits. The experiment was connected to the vented S-IVB
stage liquid oxygen tanks which were being used as waste compartments.
Operation of the modified system was satisfactory throughout the third
visit,
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The Commander and Scientist Pilot each served as subjects 22 times
during the third visit and the Pilot 23 times for experiment M092. Pre-
syncopal reactions necessitated termination of the test after about 4 min-
utes of exposure at 0,67 newton per square centimeter negative pressure
by the Pilot on visit day 10 and by the Scientist Pilot on visit day lé4.
On visit day 16, the Commander terminated his test 2-1/2 minutes early
because of lightheadedness and a rapidly falling blood pressure. The
changing of the Commander's protocol from the morning to the afternoon may
have contributed to the early termination, Definite evidence of a vaso-
vagal reaction was present in the first two early terminations, but was
not seen in the Commander's records. On visit day 34 and visit day 71,
the Scientist Pilot again felt it necessary to stop his test short during
the 0.67 newton per square centimeter negative pressure phase. Inadequate
sleep and fatigue may have been contributory factors., On visit day 61,
although the full protocol was completed, the Scientist Pilot appeared to
be developing a presyncopal reaction with pallor, slight dizziness, and
decreasing heert rate and bloo' pressure. The ambient temperature within
the Workshop at this time was 300° K, and the Scientist Pilot's next test
on visit day 65 was conducted in the morning to avoid the higher afternoon
temperatures.,

On visit day 75, the crew was unatle to obtain blood pressure read-
ings using blood-pressure cuff 011, The problem was attributed to a
broken lead in the microphone, Therefore, a backup cuff was used during
the remainder of the visit. Section 16.2.6 contains a discussion of this
anomaly.

In almost all cases, the inflight resting heart rztes of all three
crewmen were elevated slightly above the preflight ranges. This charac-
teristic was least pronounced in the Commander who sometimes demonstrated
low resting heart rates early in the visit. After 6 weeks of flight, the
Commander's resting and stressed heart rates were usually close to or with-
in preflight ranges. By the end of 7 weeks, the Pilot also showed a tend-
ency toward lowered resting and stressed heart rates.

Increases in calf volume during negative pressure, as in the first
and second visit crewmen, were much higher than the preflight values.
These increases. which reached to as high as 9 or 10 percent in the Scien~
tist Pilot and rilot, made it necessary to replace the reference band with
a backup band after visit day 37. The reference band was returned to ver-
ify the authenticity of the high readings.

The loss of calf girth in the third visit crew was smaller than in
either the first or second visit crew., Neither the initial loss nor the
subsequent downward trend was as great as previously recorded, and after
the first 6 or 7 weeks, no consistent downward trend occurred.
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The postflight cardiovascular responses to lower body negative pres-
sure appeared to be quite similar to those observed in the s~cond visit
crew, By the fifth day after flight, the resting and stressed heart rates
were very close to the preflight ranges.

Special experiment M092 tasts were conducted as detailed test objec-
tives. Preflight and postflight echocardiographic studies were performed
on each third visit crewmar to evalnate the effects ol prolonged Skylab
environment exposure on the left ventricle size and performance. Applying
brief, low-amplitude pulses of nigh-frequency (2.25 mHz) ultrasound waves
to the anterior chest wall, and measuring the timing and amplitude of re-~
flected waves provided a s«.e, noninvasive assessment of cardiac dimen=~
sions, ©5trip chart recordings were made to generate a continuous series
of measurements throughout the cardiac cycle. The preflight and post-
flight assessment of the left ventricle internal dimension, thickness,
stroke volume, end~diastolic volume and ejection velocity were made at
rest and during lower bodv negative pressure. The latter studies were
performed to evaluate the interrelation of cardiac size and cardiac per-
formance at different cardiac volumes., The left ventricle size was pro-
gressively decreased in preflight studies by lower body negative pressure,
In addition to reducing cardiac volume transiently by lower body negative
pressure, attempts were made in the postflight period to increase cardiac
volume by lower body positive pressure (by inflating the crewman's coun-
termeasure garment) and by passive straight leg raising.

During preflight and postflight studies, high-quality echocardio-
grams were obtained from the Commander and the Pilot. Because of a nor-
mal variation in chest configuration, echocardiograms from the Scientist
Pilot were of a lesser quality, but probably still adequate for precise
v :asurement., The results of echocardiographic studies must await care-
ful analysis of records, including a direct visual comparison of the pre-~
flight and postflight echocardiograms. Continuing echocardiographic
studies are planned for further analysis of changes observed in the early
postflight period.

Infrared facial photographs were made six times each on the Commander
and Pilot and five times on the Scientist Pilot during the conduct of ex-
periment M092,

Leg blood flow testing was performed seven times each on the Com-
mander and Pilot and six times on the Scientist Pilot, all after lower
body negative pressure experiment sessions. Leg blood flow was studied
by placing a blood pressure cuff just above the knee and inflating it to
0.4 newton per square centimeter pressure. This pressure effectively
blocked all venous outflow from the leg until the cuff pressure was ex-
ceeded, with arterial blood inflow being relatively unchanged. This ac-
tion produced an increase in lower leg volume which was measured by means
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of the leg volume measuring system, The initial rate of volume change

was the normal flow of blood into the leg., Once venous runoff began, the
outflow equaled the inflow and no further volume change occurred., At

that point, the amount of blood accumulated oy .he cuff pressure (vascu-
lar compliance) was measured. Leg vascular compliance (i.e., the volume
of blood pooled at a given pressure) was found to fncrease some 6 to 7
times over the first 10 to 12 days of the visit in two of the crewmen.

By day 40, when the measurements were -esumed, this bad decrcased slightly
and appeared to continue to decrease slightlv through the remainder of the
visit., The Commander showed an inflight increase of 2 to 3 times the pre-~
flight level, On return to one g, the compliance rapidiy decreased in a
matter of hours. These data in conjuunction with a decreasing blood vol-
ume correlate well with the obhserved lower body negative pressure response,

Muscle pumping of blood from the legs back to the heart was measured
by placing a crewman at 0.4 newton per square centimeter negative pres~
sure for 53 minutes to pool the blood in the legs, followed by the crewman
performing 10 i{sometric contractions of the leg muscles. The leg volume
measuring system cuff recorded both the amount of blecod pooled in the
legs and the amount removed bv pumping. As was expected from the leg
blood flow studies, increasing amounts of blood were accumulated in the
legs during the first 10 to 12 days of flight and then this level was re-
tained for the remainder of the flight. Preflight tests showed that the
muscle pumping woull remove approximately one ualf of the blood present,
and this percentage remained relatively unchanged in flighct, although the
absolute amount of blood remaining in the legs was much greater in flight,
On return to one g, this mechanism returned to normal within 2 to 3 days.

3.3.7 Experiment M093 -~ Vectorcardiogram

A total of 21 inflight exercise vectorcardiograms was obtained on
each crewman (nine using the experiment M09 protocol and 12 using the
metabolic activity experiment protocol). No significant protocol viola-
tions occurred and 99 percent of tne data were usable.

The initiil evaluation of postflight data indicates a rarid return
of the various vectorcardiogram parameters toward preflight value . In~
flight and postflight vectorcardiogram alterations seem to follow the
trends observed on the previous two visit crews.

3.3.8 Experiment MilO Ceries ~ Blood Collectica

The co*lection of preflight baseline data for these experiments be-
gan 35 days prior to launch and continued through the morning prior to
launch in an orderly fashion., Preflight baseline values were establisghe.ld
for each parameter,

-
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Blood withdrawal and centrifugal separation of plasma were accom-
plished eight times on each crewman during the visit. The first samples
were ccllected on visit day 3 and the last samples on visit day 82, A
measurement of the hemoglobin concentrations was made of each inflight
biood drawing except the last. Two additional hemoglobin determinations
were completed using the finger-stick technique, 2wo of thc z4 samples
collected were not as planned in that one sample had only one-half the
ncrmal anount, and the other sample was severely hemolyzed. All other
samples appeared to be in satisfactory condition and contained the nor-
mal amount (4.0 millimeters) of plasma.

Upon return, the inflight blood samples were transferred to a 203° K
freezer until thawing and distribution of aliquots to the principal inves-
tigators of experiments M071, M0O73, M112, Mil13, M114, and M115.

Analyses of samples aboard the recovery ship showed that the red cell
count, hemoglobin concentration, and hematocrit were slightly elevated on
recovery day as compared to preflight levels. These concentration~-depend-
ent parameters began to drop immediately and, by the third day after re-
covery, were significantly lower than both the preflight and recovery day
values, Between the third and fifth day after recovery, a slight but sig-
nificant increase in the reticuloc ;te percent, absolute count, and reti-
culocyte index was evident in samples from all three crewmen., The red
cell mass had declined on recovery dav in this crew, though the mean red
cell mass loss of 6.8 percent was less than that cbserved on the two pre-
vious visit crews. The lymphocytes on recovery day were again nonrespon-
sive to an in vitro challenge, but had recovered their normal response by
the third and seventh day after recovery.

Summary of results.~ The results of the third visit are very similar
to those observed after the second visit. Based upon the preliminary re-
sults, no new findings will be evidenced by the increased length of this
visit; and no hematological indications are evident that show man is un-
able to survive for unlimited periods in space, aside from some subtle
changes in white cell responsiveness and regulation of red cell produc~
tion and plasma volume,

3.3.9 Experiment M131 - Human Vestibular Function

In contrast to the first two mamned visits, no preflight vestibular
habituation protocol was prescribed for the third visit crew. The fact
that no structured procedures were recommended stemmed from two factors.
First, there was no clear evidence that attempts to habituate the first
two crews to stressful vestibular stimulation in the experiment M131 ro-
tating chair had any value in protection against motion sickness when the
crew entered weightlessness, Second, the crew expressed a stror, desire
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to engage in other activities which might increase their tolerance to
vestibular stress upon entering zero gravity. This latter activity con-
sisted primarily of flying acrobatic maneuvers (Appendix G) in high per-
formance jet aircraft (T-38) at periodic intervals prior to the third
visit launch.

The acrobatic maneuvers began around mid-~September and soon progressed
to 2 to 3 hours per man per week right up to launch time. Variable maximum
g-loadings were produced by these maneuvers and examples of these loadings
are shown in the following table.

Maneuvers Stress, g
Loops 4 to 5
Immelmanns 4 to 5
Cuban eights 4 to 5
Wing overs 3

One other significant component of the maneuvers cons.sted of rapid
aileron rolls both to the left and to the right, with the head being main-
tained in different fixed positions during these rolls.

Preflight data of sufficient quality and quantity were obtained on
each of the third visit crewmen on all portions of the M131l experinment.
These included measurements of semicircular canal response thresholds by
means of the oculogyral illusion test, basic susceptibility to motion
sickness, and spatial localization.

Twe. of the crewmen experienced symptoms indicative of motion sick-
ness upon initial entry into weightlessness, with the most severe symp-
toms being manifested by the Pilot. The Commander reported only a wmild
premea. epigastric awareness., Complete recovery from these symptoms oc-
curred after visit day 3 and, from that point on, all crewmen were dram-
atically free of symptoms as normaliy provoked by the experiment M131 mo-
tion sickress test protocol, By visit day 12, all crewmen were able to
perform the maximum required number of head movements (150) at the maxi-
mum rotating chair revolutions per minute (30) with no symptoms. All mo-
tion sickness testing was discontinued after visit day 29, and testing was
not resumed again until visit day 73, at which time a special motion sick-
ness test was conducted. The special test required each crewman to first
rotate clockwise for 150 head movements at 30 revolutions per minute and
then immediately repeat the protocol with the direction of chair rotation
reversed. The special clockwise/counterclockwise protocol was performed
by all crewmen with no symptoms reported., Five motion sickness tests were
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performed during the visit by the Commander and four each were performed
by the Scientist Pilot and Pilot. (The special cleckwise/counterclockwise
test is considered to be one test.)

The Commander's performance was very stable on the oculogyral illu-
sion portion of the M131l experiment and the ability to detect the illusion
was slightly increased in comparison with the preflight baseline perform-
ance. Relative to the preflight performance of both the Scientist Pilot
and Pilot, both crewmen demonstrated greater variability and a decrease
in their ability to perceive the illusion. The greatest change was man-
ifested by the Pilot. Each of the three crewmen performed a total of six
successful oculogyral 1llusion tests during the visit.

Three complete spatial localization tests were performed by each
crewman, A preliminary analysis of these data indicate slight shifts in
localization and slight changes in variability relative to the preflight
measurements. Hardware operations were normal during all phases of the
M131 experiment.

No significant symptoms of motion sickness were experienced by the
crew during rotating chair postflight testing on the first, second, and
fifth days after the visit. The postflight tests were conducted at a
rotational rate of 30 revolutions per minute. Neither the time course
nor the completeness of the crew's return to preflight levels of suscep-
tibility have been determined. As of this time, no significant changes
relative to the preflight baselines have been noted with either the ocu-
logyral illusion or spatial localization tests; these tests, however,
are not complete.

The acrobatic flying experience apparently had some effect in in-
creasing each crewman's preflight tolerance to vestibular stress. All
of the crewmen, especially the Commander and Scientist Pilot, had a much
higher threshold of susceptibility to motion sickness at the end of the
experiment M131 preflight baseline data collection period than they had
at the beginning of the baseline period. This constantly changing base-
line was not observed in previous crews.

The fact that the Commander experienced mild symptoms and the Pilot
acquired severe symptoms very early in the visit suggests that the pre-
flight-acquired increased vestibular tolerance did not iransfer to the
weightless environment. Furthermore, any valid conclusions about the ef-
fectiveness of preflight vestibular training procedures were completely
confounded by the fact that all crewmen were on a mandatory schedule of
anti-motion-sickness drug use during the first 3 days of the visit., About
10 days before launch, each crewman was subjected to one test at 30 rev-
olutions per minute in the experiment M131 rotating chair to test the
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effectiveness of his chosen anti-motion-sickness drug in preventing symp-
toms. All crewmen completed the required 150 head movements with no
symptoms reported, thus indicating the effectiveness of the drug during
ground tests.

In addition to the experiment M131 protocol, several special vestib-
ular-related tests were performed during the preflight and postflight
periods on each of the crewmen. The first of these special tests used
a series of narrow metal railc on which the crewmen were required to bal-
ance both with their eyes open and closed. In comparison with the pre-
flight baseline performance, none of the crewmen demonstrated any deficit
on this postural equilibrium task when tested with their eyes open cn 1,
4, and 11 days after recovery. However, with the eyes closed, all crew-
men showed a very significant decrement 1 day after recovery. Some im-
provement was observed 4 days after recovery and, by 11 days after recov-
ery, all crewmen were back to the preflight levels of performance.

Measurements were performed on each crewman 5 days before launch,
and 1 and 11 days after recovery to detect the presence of positional and
spontaneous nystagmus, using standard electronystagmographic techniques,
Data analyses are not complete at this time; however, preliminary evalu-
ations indicate that no unusual nystagmus occurred in any of the crewmen
during the postflight test period.

Standard clinical audiometry tests were performed on each crewman
30 days before launch and 1 and 11 days after recovery. No significant
poctflight changes ir lLcaring were observed in any of the crewmen.

summary of resuits.- The mosi significant data yiclded from experi-
ment M131 was in the area of motion sickness. Five of the nine Skylab
crewmen experienced some degree of discomfort that resembled motion sick-
ness during the first several days of the visit., Following this initial
period of adaptation, all crewmen became essentially imrune to motion
sickness as provoked by the experiment ML31 protocol. This increased
tolerance to vestibular stress transferred to the postflight period for
all crewmen. The first and second visit crews did not return to their
baseline levels of susceptibility until approximately 60 days after re-
covery.

No overall trends have been detected with either the oculogyral il-
lusion or spatial localization tests; however, detailed comparisons of
data from the three visits are not complete. Some crewmen tended to see
the oculogyral illusion with slightly greater frequency inflight while
others saw the illusion with equal or slightly lesser frequency than pre-
flight., The important fact is that all crewmen could see the illusion in
zero gravity and this indicates that the semicircular canals of the inner
ear were intact and were functioning normally.




3-29

No hardware anomalies occurred, except for the chair restraint prob-
lem that was satisfactorily resolved before the second visit launch.

3.3.,10 Experiment M133 - Sleep Monitoring

The sleep monitoring experiment was performed by the Scientist Pilot
three times preflight, 18 times inflight, and three times postflight., On
17 of the inflight sleep monitoring nights, satisfactory real-time data
were obtained. Magnetic tape recordings were made of each inflight per-
formance and these tapes were returned for analysis by the principal in-
vestigator.

The experiment, originally approved for only the first and second
visits, was added to the third visit approximately 1 month prior to the
launch. The experiment was originally approved for eight performances
on the third visit because only nine caps were available in the Workshop.
However, initjal inflight tests demonstrated that the caps could be re-
used successfully several times if additional electrolyte was applied to
the electrodes. As a result of these inflight tests, additional inflight
experiment performances were approved.

Analysis of the first and second visit tapes confirmed that tape
recorder 1 became inoperative during the first visit, Therefore, on the
third visit, all inflight data were recorded on tape recorder 2., This
necescitated changing the magnetic tape at the midpoint of the third
visit. On visit day 51, the Scientist Pilot reported erratic calibra-
tion readings when the preamplifier cable was moved. This resulted in
the luss ol approximatcly 75 percent of the data for the preceding sleep
period. The cable was replaced with a spare and operation was satisfac-
tory. This anomaly is discussed in section 16.2.2.

A preliminary analysis of the third visit data shows a marked de-
crease in total rest and total sleep of the Scientist Pilot during the
first 35 days of the visit, After 35 days, the Scientist Pilot appeared
to approach his preflight baseline level and displayed an increase in the
deeper stages of sleep and a corresponding decrease in lighter stages of
sleep. The very preliminary analysis indicates that the changes observed
in flight on the third visit correspond to some extent with those seen
during the 28-day first visit (table 3~I). The first-visit Scientist
Pilot showed a decrease in total sleep time, a decrease in sleep latency,
a slight increase in the stage 4 percentage sleep, and a decrease in
stage 2. The second-visit Scientist Pilot showed no significant change
in total sleep time or sleep latency, but stage 3 decreased significantly
postflight, and stage 4 showed a significant decrease during and follow-
ing the visit (table 3-1). Both the first and second visit subjects
showed a decrease of the rapid-eye-movement stage of sleep near the ter-
mination of their visits and increases of the rapid-eye-movement stage
postflight,
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The alterations of the inflight sleeping patterns showed no adverse
effect upon the crew performance capability.

3.3.11 Experiment M151 - Time and Motion Study

All photography requirements were accomplished with the exception of
documenting one experiment M509 (Astronaut Maneuvering Equipment) test,
In addition to the requirements, four experiment M092/M093/M1l71 tests were
photographed. '

Only a partial screening of the returned 16-mm film from the third
visit has been completed. A correlation of this visit voice-dump data
with telemetry indicates that the third visit results will compare favor-
ably to those of first and second visits.

The third visit data appear to support the theory that 7 to 14 days
are required to fully adapt to the zero-gravity environment. The time
initially required depends on the nature of the task, and the type and
frequency of prefliight training accomplished.

The third visit crew bettered their best experiment M09:! preflight
performance time on their second inflight test which was per.ormed on
visit days 10 and 11, There was some variability in the performaace time
until visit day 30 when the crew consistently began to improvz untcil they
were bettering their best preflight time by almost 20 percent.

The importance that good fidelity preflight training has on early
infilight performance was demonstrated during the first extravehicular ac-
tivity, The third visit crew completed the task originally planned for
two separate extravehicular activities in one 6 1/2-hour extravehicular
activity., The increased efficiency is attributed to the neutral buoyancy
training which allowed end-to-end task simulation in the same manner as
in zero gravity.

The third visit is significant in that the crew continued to improve
their skill in working in zero gravity and they returned to earth in good
mental and physical condition.

3.3.12 Experiment M171 ~ Metabolic Activity

All experiment M171 hardware functioned normally during the third
visit. Twelve inflight experiment M171 tests, spaced 5 to 8 days apart,
were obtained on each crewman. The ergometer received additjonal use as
a daily exerciser for each crewman. Crew inflight physiological responses
to exercise were essentially within the preflight baseline ranges through-
out the visit. A decreased vital capacity was observed inflight in all
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the crewmen, but the decrease did not appear to interfere with their abil-
ity to exercise. Evaluation of the postflight pulmonary function tests
indicates no significant differences from values obtained preflight, in-
cluding vital capacity. Immediately postflight, however, all crewmen ex-
hibited a significant decrement in their response to the experiment exer-
cise protocol as compared to the preflight or inflight responses. The
most obvious indications of this were in elevated heart rates and de-
creased a cardiac output for the same workload and oxygen consumption.

A significantly decreased postflight stroke volume was observed only in
the Commander. All of the changes were of the same order of magnitude as
noted in the previous Skylab crews, but the third visit crew returned to
normal more rapidly. Preflight baseline range values for most parameters
were attained 4 days after recovery.

3.3.13 Experiment S015 - Zero Gravity Effects on Human Cells

The hardware for experiment SO015 was flown only on the second Skylab
visit. The following data are in addition to the data previously reported
in reference 4,

The experiment S015 hardware operated normally. The 20-power and
40~-power time-lapse 16-mm photomicrographs produced films of excellent
quality. The live cell specimens in growth curve module 2 were returned
viable and have been subsequently subcultured and banked using deep freeze
techniques to mak~ them available for future research. Few live cells re-
mained in growth curve module 1. There was no discernible evidence to in-
dicate a reason for the lack of more live cells in growth curve module 1.
The number of live cells reoturned by growth curve module 2 fulfilled the
requirements of this experiment.

Summary of results.- At this time, no change is indicated in the
zero gravity growth rate, cell cycle, or gross cellular morphology. Fur-
ther detailed analysis is being conducted in the following areas:

a. Electron microscopy

b. Scanning elec.ron microscopy
¢. Microspectrophotometry

d. Phase microscopy

e, Interference microscopy

f. Anoptral-phase microscopy

g. Karyotyping
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h. Chromosome banding

i. Motion picture analysis
1. Rate of cell movement
2, Size, location and distribution of cell organelles
3. Mitosis

4, Pinocytosis

3.3.14 Visual Light Flash Phenomena

The light flashes observed on the Apollo missions have been generally
attributed to the passage of heavy cosmic nuclei (atomic no. > 6) through
the retina, Cerenkov radiation from relativistic particles is believed
to be responsible for some flashes., As such, the flash rate is strongly
latitude dependent for an observer in earth orbit. This effect is a con-
sequence of geomagnetic cutoff and the steep energy spectrum of cosmic
ray fluxes. 1In other words, only cosmic particles with very high energy
can reach orbital altitudes near the equator, while particles with lower
energies can be incident near the magnetic poles. Therefore, polar cos-
mic ray fluxes are much larger than equatorial fluxes. The dependence
of the light flash frequency on latitude was verified by data collected
on the Skylab third visit,

In addition to providing this important verification, the experi~
ment provided extremely interesting data relative to light flashes in the
South Atlantic Anomaly area (fig. 3-9). The observed light flash fre-
quency increased dramatically when the Workshop passed through the South
Atlantic Anomaly area., Since this is in a region of relatively high geo-
magnetic cutoff, trapped radiation, rat! .r than primary cosmic rays, is
assumed to have caused most of the flashes observed in this area. Many
of these flashes have the same characteristics as those observed in low
cutoff regions and on the Apollo missions, so it is plausible that the
same types of heavy cosmic particles are responsible. Alpha particles
and heavier nuclei have been observed as components of the outer radia-
tion belt, but no known observation has been made of heavy nuclei in the
inner belt. If heavy particles are the cause, the third visit data are
the first indication of the presence of such nucleil in the inner zone of
trapped radiation,

Further measurements of particlec in the South Atlantic Anomaly area
must be made to definitely determine whether the f£lashec observed there
are due to trapped protons or to heavier nuclei. Further exploration of
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the light flash phenomena 1is planned as part of the Apollo-Soyuz Test
Project, Data from that mission should aid in the interpretation of the
Skylab findings. Data from this experiment, however, provides a sound
basis for the premise that the visual light flashes are caused by cosmic
rays. Supplement 2 will provide an overall evaluation and analysis of
the data obtained from this experiment,.

3.3.15 Testing and Preservation of Muscle Function

The loss of muscle function, including strength, coordination, and
endurance is of major importance under weightlessness. Virtually no
spontaneous leg exercise exists in zero gravity. The mairntenance of the
leg and back function is most critical for several reasons. Thr ability
to walk must be maintained and certain vascular functions cof f}- leg must
be preserved., Loss of arm strength would cause relatively lictle dis~
ability on return to the one-g environment.

The preflight and postflight muscle function testing on the crewmen
from all visits was accomplished with Cybex equipment, a constant velocity
device which can absorb and record maximum muscular forces through a com-
plete range of motion, Ten repetitions of elbow flexions and extensions
and knee-hip flexion/extensions at 765 milliradi.ns per second allowed
good determinations of the maximum forces and the fatigue decrement.

The loss of muscle function and mass of the Skylab first visit crew-
men in 28 days was rather striking. Not only were there complaints of
sore muscles and joints, and paresthesias (hypersensitivity) of the feet,
but there were losses of leg ext.nsor (muscles required in standing)
forces of up to 30 percent, even in the Commander who performed reasonable
amounts of exercise on the bicycle ergometex.

Two exercise devices that allowed reasonably good arm exercise and
some increase in leg exercise were used on the second visit. Postflight
examinations revealed good arm function preservation but, as expected, a
large loss of leg function, though relatively less than on the Skylab
first visit. Postflight joint and muscle complaints continued as well as
some unsteadiness in walking.

A treadmill device capable of supplying necessary forces to maintain
one-g muscle function was developed for the third visit and is described
in appendix A, Metabolic measurements indicate that the treadmill re-
quired approximately a one-third maximum effort as determined by the
bicycle ergometer. The third visit crew made the treadmill a part of
their standard daily exercise protocol by walking for up to 10 minutes
or jogging for several minutes. In addition, the crew devised other ex-
ercises such as leaps against bungee straps and toe rises against bungee
shock cords.
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The third visit crew had less obvious difficulty in walking, stand-
ing, and stability upon landing than the two previous crews, in spite of
the longer stay. The complaints about sore joints and mucscles were mini-
mal and no paresthesias were noted. Quantitative testing confirms these
findings and altiough final results have not been compiled, little or no
decrement in leg muscle function is evident.

Summary of results.- This investigation produced the following two
findings of fundamental importance., First, a brief time of weightless~
ness produces a rapid and serious decrement in muscle function particu-
larly in the gravity opposing muscles of the leg. Second, these decre-
ments can be avo.ded by relatively brief periods of properly designed
exercise.

3.3.16 Anthropometry

Anthropometric studies were designed to follow changes in body shave,
composition, and especially the shifts in body fluids under zero-g and
one-g conditions. Studies designed to follow the changes consisted of
the following interrelated measurements.

a., Direct measurements of height as well as a series of trunk girth
measurements and arm and leg girth measurements were taken at 2 centime~-
ter increments using calibrated tapes. These measurements allowed over-
all changes to be documented and, in addition, allowed documentation of
changes in leg volume secondary to fluid shifts.

b. Center of gravity/mass measurements were made preflight, inflight
and postflight to allow further confirmation of shifts of fluid and of
other mass. Preflight and postflight center-of-gravity determinations
were made by balancing each crewman on a teeter board. Inflight, the
center of mass was measured directly by applying an accelerating force
at right angles to the long body axis and finding the null point.

c¢. Photographs of the crewmen were taken at regular intervals dur-
ing the visit. Front, side, and rear exposures were made with the crew-
men in the standard anatomical position, and against the "floor" grid to
allow further evaluation of body configuration changes. A companion se-
ries of front and side views cf the crewmen floating freely in a relaxed
position were made to document postural changes caused by weightlessness.
An infrared-augmented color film was used to enhance the superficial ve-
nous pattern and to allow further documentation of fluid shifts.

d. Limited pre~exercise and post-exercise arm and leg girth measure-
ments were made inflight to compare with the normally expected increase
in muscle size with exercise.
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Since all of the measurements were interrelated, the results are de-
scrivbed collectively. Anthropometric measurements made on two crewmen on
visit day 3 provided, for the first time, direct evidence of the probable
cause of the majority of the significant cardiovascular changes that have
been observed in space flight. This evidence is the very large shift of
blood and tissue fluids from the legs into the upper portions of the bc'y
and this amounted to some 2 to 2.5 liters in each subject by the third
day of the visit., Although continued body configuration changes were
noted during the visit, the changes were insignificant when compared to
the initial shift. Further documentation of the fluid shifts by the cen~-
ter of mass measurements was unfortunately delayed. lowever, when per-
formed, the center of mass measurements confirmed two facts:

a, Making an accurate measurement, apparently to within a few milli-
meters, was easy and practical.

h, The expected fluid shift had, in fact, occurred.

Film processing is incomplete, but a c.rsory examination of some of
the film shows that several technical difficulties exist. The first, in-
adequate resolution, was anticipated preflight when the 35-mm camera was
substituted for the 70-mm camera. Further, there appears to have been
exposure and lens or focus difficulties. 1In spite of the difficulties,
puffiness and marked venous distension are evidence that the fluid and
blood shifts resulted in a hypervolemic state for the upper veinc and
tissues.

Simple third visit measurements documented the changes in the body
under weightlessness caused by the removal of one g from the cardiovascu~
lar system and on the gravity-opposing muscles for the first time., These
changes might account for a number of the effects noted in space flight
including head fullness, nasal stuffiness, injected conjunctive, decreased
tolerance to negative pressure and g-loads, and reduced blood volume and
red cell miss,

The probable explanation of the reduced blood volume and red blood
cell mass (see sec. 3.3.8) during postflight measurements is the body's
attempt to produce a blood volume/cell mass compatible with the effec-
tively reduced vascular space. The ~educed blood volume and resulting
anemii: mey, in turn, explain the reduced work tolerance and orthostatic
tolerance seen upon return to one g. Implications for the lower body neg-
ative pressure (see sec. 3.3.6) reduced tolerances seen in flight are also
evident,

Other interesting but less significant changes were the increase in
height and the reduction in abdominal and chest circumferences, both of
which rapidly reversed upon return to one g. The latter, plus shifting
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blood voiume, is a possible explanation for the reduced vital capacities
(maximum breath volumes) seen with the metabolic experiment (see sec,
3.3.12),

Also of note are changes in posture caused by the unloading of var-
ious opposing muscle groups. Such changes in force result in hyperexten-
sion (bending backward) of head and neck, as well as a variety of other
changes at the beginning of flight. A series of films were taken to doc-
ument these changes, but a1 not yet available for analysis.

3.3.17 Muscular Electromechanical Activity

The duration of the Achilles (ankle) reflexes and associated gastro-
cnemius (calf) muscle electrical activity of the third visit crew was re-
corded preflight and postflight, Plantar movement was measured by means
of a displacement transducer and the muscle electrical activity was re-
corded by means of surface electrodes. In addition, electromyographic
records were obtained on the right gastrocnemius muscle during a right
toe stand, first supporting the total body weight and then repeated while
holding a 18,1 kilogram weight in the right hand. Postflight data were
compared to the preflight baseline values.

The following table summarizes the postflight trends of the deep ten~-
don reflexes on each of the third visit crewmen.

Postflight Duration, milliseconds

measurement Commander | Scientist Pilot Pilot
Recovery day 491 416 242
Recovery plus 1 day 483 464 214
Recovery plus 5 days 556 494 213
Recovery plus 11 days 538 437 325

Summary of results.- The observed trends are similar to those ob-
tained from the second visit crew; however, the third visit Cocmmander
and Scientist Pilot returned to the prefiight values earlier than the
Pilot or any of the second visit crew.

The most plausible explanation now seems to be the altered reactiv-
ity of the autonomic system together with the imbalance of the gravity
and antigravity muscular systems, Also, the effect of changes in the
hormonal secretion pattern and calcium metabolism cannot be ruled out.
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Electromyographic records are still to be analyzed for any post-
flight alteration of muscle electrical activity.

3.3.18 Taste and Aroma

Tests were initiated on the third visit to determine if taste and
aroma thresholds are subject to change in zero gravity as a result of
comments from the first two visit crews that the food tasted more bland
than on earth., Figure 3-10 shows the packaging arrangement for the taste
test and figure 3-~11 shows the packaging used for the aroma test.

The results of the taste test reveal a shift ia threshold levels for
the detection of certain taste sensations. The shifts varied highly with
each crewman. This variation in reaction is, perhaps, the most signifi-
cant finding because it was unexpected. The results are presented in
table 3-II. The results of the aroma tests, so far, give no evidence
that there is any change in the ability of any crewmen to identify aromas.
The results of the aroma tests are shown in tahle 3-III,

The Commander had no change in his threshold to the four basic fla-
vors (sweet, sour, salt, and bitter). However, the Commander's ability
to detect the aromatic orange flavor was significantly increased, but
his threshold for the aromatic onion flavor remained unchanged. These
data suggest that the Commander would experience no overall dramatic
change in flavor response to foods when comparing inflight to preflight
responses,

The Pilot exhibited an increased sensitivity to salt and a very dim-
inished seasitivity to both of the aromatic flavors tested (orange and
onion). The other flavors (bitter, sour, and sweet) remained essentially
unchanged. These tests suggest that foods would taste diffe ently to the
Pilot during the inflight test as compared to the preflight results.

The Scientist Pilot showed a marked enhancement in the ability to
detect sweet flavor and a concomitant loss in the ability to detect bitter
flavor. This was coupled with an enhanced ability to detect orange flavor.
Sensitivity to other flavors remained unchanged. These results suggest
that foods might taste sweeter to the Scientist Pilot inflight as compared
to the preflight test,

These findings support the requirement for inflight condiments so
that individuals can season the food to their taste preferences.
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3.3.19 Gypsy Moth Eggs Experiment

The primary purpose of the gypsy moth eggs experiment was to ascer-
tain whether prolonged exposure to zero gravity would prematurely termin-
ate the diapause of embryonated moth eggs. If successful, the results
could lead to an improved laboratory technique in rearing large numbers
of gypsy moths for application in the sterile male technique of aiding
in the control of propagation of this insect.

Five hundred wild gypsy moth eggs were placed in one vial and 500
tame moth eggs in a second vial. The vials were then transferred from
the command module to the Orbital Workshop as soon as possible after Work-
shop activation and were taped to the inflight medical support system
locker at the wardroom entrance. The Scientist Pilot made daily obser-
vations of the egg demonstration vial assembly to ascertain if the eggs
were hatching.

On visit day 30, five or six wild eggs had hatched. This number in-
creased to a total of 10 to 12 by visit day 33. Again on visit day 55,
two more wild eggs hatched for a total of 12 to 14 hatchings. In contrast
to the reported numbers of hatched larvae, only seven empty wild egg shells
were found in the vial. One parasite larva was also found in this group
and identified as a tiny wasp. No evidence of hatching was observed in
the tame gypsy moth eggs or in the ground-based controls., The prelimin-
ary results indicate that the weightless environment did cause an early
termination of diapause in the gypsy moth eggs. The full significance
of these results will not be known until the recovered eggs are fully in-
cubated and the total numbers and time sequence of all of the hatchings
are known.

3.4 EARTH OBSERVATIONS

Earth Resources Experiment Package data from the Skylab first and
second manned visits as well as data generated during the third visit are
being used by 137 principal investigators in 32 states and 19 foreign
countries. The disciplines in which investigations are prr eeding in-
clude: agriculture/range/forestry, geological applications, continental
water studies, ocean studies, atmospheric studies, coastal zone/shoal/
bay studies, regional planning and development, cartography, and remote
sensing techniques development, The Earth Resources Experiment Package
sensors gathered data over the 48 contiguous states of the United States
and 41 foreign countries. Data were also gathered over key sections of
the Atlantic and Pacific Cceans; the Bay of Biscay; the Gulfs of Aden,
St. Lawrence, and Mexico; the Great Lakes; the Sea of Japan; and the Med-
iterranean and Caribbean Seas. Table 11-III and figure 11-1 in the tra-
jectory section of this report provide additional informaticn on the lo-
cations and times of the Earth Resources Experiment Package passes.
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Most of the investigations will require from 1 to 2 years to complete
because of the large amounts of data involved. Several years will be re-
quired for all of the sclentific benefits of the Skylab earth resources
program to be realized. However, some initial results have been identif-
ied by the Earth Resources Experiment Package investigators. A potential
mineral deposit has been identified near Ely, Nevada; citrus fruitfly in-
festations have been identified on the Mexican side of the Rio Grande
river; new urbanization patterns have been identified; the use of Earth
Resources Experiment Package imagery for inventory of vegetation patterns
has been demonstrated; silt and possible man-made pollution have been
identified off the island of Puerto Rico; and studies of photographs of
the Sullivan, Indiana, mining district have identified surface fractures
associated with mine subsidence and suspected mine acid drainage. Earth
Resources Experiment Package altimeter measurements over the Puerto Rico
trench have confirmed a previously inferred depression of the ocean sur-
face. The data show the depression to be approximately 20 meters below
the mean sea level.

The performance of the Earth Resvurces Experiment Package hardware
during the third manned visit is described in this report. Thirty-eight
Earth Resources Experiment Package data passes using the complete instru-
ment package were performed with the spacecraft in the Z-axis local ver-
tical attitude and one pass was performed with the spacecraft in the
solar inertial attitude. In addition, three lunar calibrations, three
earth-1limb passes, two experiment S191 (Visible and Infrared Spectrom-
eter) calibrations, one special experiment S192 (Multispectral Scanner)
solar inertial pass, and three solar inertial passes using only the ex-
periment S190B earth terrain camera were performed. Though mostly con-
centrated over the United States, Mexico, and South America, data were
also obtained over Europe, Africa, Asia, and Australia. The Earth Re-
sources Experiment Package dlagnostic downlink unit was used on eight
occasions to provide telemetry data for real-time analysis and trouble-
shooting.

3.4.1 Experiment S190A - Multispectral Photographic Facility

The experiment S190A photography is being used by various principal
investigators to perform land use inventories, studies of soil erosion,
timberline location, snow extent and water equivalency, plankton produc-
tion, fishing productivity, and African drouth areas. Oceanic circula-
tion patterns and energy-momentum distributions are being determined from
a study of the experiment S190A photographs. The photographs are also
being used to identify soil types and to locate possible areas for future
cultivation, and to determine the ecological effects of strip mining by
assessing acid mine drainage, sediment loading of streams, and resulting
sedimentation. The photographs are being used to aid in highway engineer-
ing and to locate potential land and forest reclamation areas. Existing
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maps of South and Central America, as well as the United States, will be
updated with information obtained from these photographic data. In addi-
tion to the many uses described, the photographs will be used to map gla=-
cial features for the location and protection of ground water sources

and for the mapping of geologic structure and active fault zones. The
data will be used to provide a better understanding of the relationship
of volcanoes and geothermal features to regional geologic structures and
active faults. Two examples of black-and-whice photographs from experi-
ment S5150A are the Mobile Bay area shown in figure 3-12 and the San Fran-
cisco Bay area shown in figure 3-13.

Approximately 2750 frames of photography were taken from each of the
six Multispectral Photographic Facility cameras during the third visit
for a resultant total of approximately 16 500 photographs. The color
film image quality, in terms of resolution and acuity, was significantly
better than that obtained with this film on the previous visits, How-
ever, the imagery from the black-and-white infrared, color infrared, and
black~and-white panchromatic films does not appear to be as good as that
of the two preceding visits., Five rolls of black-and-white infrared film
had base fog with two of these being so severe as to make image identiri-
cation extremely difficult. The increased base “ensity was general
throughout the rolls and did not appear to be related to camera functions.
The experiment S190A performance was normal, except for several functional
and procedural problems. The more significant problems are discussed in
the following paragraphs,

The camera-station reseau~plate cleanliness was not as good as on
the previous visits, The photographs from some stations showed the same
particulate pattern for many Earth Resources Experiment Package passes;
in some cases, for two or more sets of film., More frequent cleaning of
the reseau plates would have removed much of this material,

During checkout of the Earth Resources Experiment Package, the ex-
periment S190A facility would not respond to operate commands from the
Earth Resources Experiment Package contrel and display panel when the
mode switch was placed in auto-sequence position. However, the camera
did respond to single exposure commands from the control and display
panel, Subsequent camera checks indicated that the experiment was oper-
ating normally in local control and that the control and display panel
mode switch was faulty. Repeated c¢ycling of the mode switch restored
normal operation., Section 16.2.1 contains a discussion of this anomaly.

The camera filters were not installed for the first ten Earth Re~
sources Package passes because of crew oversight. The color film has
been processed, but the film from the other five camera stations is be-
ing held in cold storage pending results of trial processing techniques
for recovering the synoptic imagery. The degradation of the color im-
agery was slight because no color correction filter was required for this
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Figure 3-13.- Silt and current flow in San Francisco Bay area.
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film; however, the film from five other cameras, where the filters were
required for proper spectral response, is probably of little use.

Experiment S190A experienced a loss of power after exposing 4 of 54
frames scheduled for Earth Resources Experiment Package pass 10. Subse-
quent troubleshooting indicated that the experiment S190A circuit breakers
on panel 202 (Airlock Module) were open, though these breakers appeared
to be closed. Recycling of all three circuit breakers restored power to
the camera. The crew also noted that during Earth Resources Experiment
Package pass 46, the camera shutters slowed down on one occasion and then
returned to a normal speed. Simultaneous with the slowing, malfunction
lights for cameras 1, 4, and 5 illuminated; however, all cameras con*in-
ued to operate, Inspection of the film for the period of slow operation
showed that the film transport operation had stopped at all camera sta-
tions and that identical frames had been double exposed., This was indic-
ative of a momentary drop in bus voltage, probably to less than 24 Vdc.
The experiment again experienced a loss of power during Earth Resources
Experiment Package pass 47. The following day, power was restored to the
experiment by recycling the experimeut S190A circuit breakers. The prob-
lems were most likely due to a defective circuit breaker.

The control and display panel malfunction light for the station 6
camera illuminated during preparation fnr Earth Resources Experiment Pack-
age pass 30, Malfunction procedures demonstrated that the station was
advancing film and that the film motion sensing magnetic pickup in the
magazine drive assembly, which is external to the magazine, was function-
ing normally, The conclusion, based on this troubleshooting, was that
either the film end was detached from the spool core or that the mechani-
cal linkage between the supply~spool spindle and the film-motion sensor
was disengaged. The photography was in no way affected. This anomaly is
discussed in section 16.2.5.

The station 6 camera advanced an extra frame of film on two occasions
during the second visit, The film metering magnetic sensor in the film
magazine drive assembly was probably the cause of the spurious film frame
advances, The problem became worse during the third visit in that crew
reports of the station 6 camera frame counter readings disclosed that this
camera was using more film than the other cameras. The crew replaced the
magazine drive assembly. Postflight inspection of the last set of film
used before the magazine drive replacement showed that 26 extra (blank)
frames had been advanced on the station 6 camera roll, The four sets of
film used after the drive assembly replacement had no extra frames ad-
vanced,
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3.4.2 Experiment S190B -~ Earth Terrain Camera

The experiment S190B (Earth Terrain C ‘'mera) photography is being used
in conjunction with experiment S190A data aad other sensor outputs in the
various stu. :s discussed for experiment S190A. Additional studies that
are being performed with the experiment S190B photography include surface-
drainage patterns and stream network analysis for improved flood predic~-
tion, fishing industry forecasts, and effects of heated discharges from
power plants into inland seas and estuaries, Three experiment S190B
solar-inertial attitude passes were accomplished over Faraguay. The pho-
tographs from these oblique passes can be coupled with those from the nor-
mal Z-axis local-vertical attitude passes to provide the convergent geom-
etry needed to perform topographic mapping activities within Paraguay.
Portions of Paraguay have just recently been mapped and data for these
areas will provide a calibration for Earth Resources Experiment Package
mapping capability. The Earth Resources Experiment Package data will have
a mapping application for other areas where maps do not exist, The high-
spatial-resolution photography provided by experiment S190B is particu-
larly applicable to regional planning and land-use studies in urbanized
areas, Photographs of the Baltimore~Washington area and 12 other cities
are being used by the Department of the Interior to test the use of space
imagery for updating the 19706 data on population patterns. Figure 3-14
shows the Mobile, Alabama, area as photographed by the S5190B experiment.

To improve the accuracy of the time recorded on the photographic im-
ages, a new clock was installed in the camera prior to the first photo-
graphic pass of the third visit., At the same time, a new clock knob was
installed because the original knob was lost during the second visit. On
visit day 30, a new vacuum seal was installed on the spare magazine assem-
bly to maintain proper vacuum integrity for film flattening.

The earth terrain camera performed very well throughout the third
visit, A total of 2476 photographs was exposed, with no reported equip-
ment anomalies or major problems. Because of the camera's high resclution
capability, and ease of setup and operation, the camera was used for real-
time photographic passes in addition to the standard Earth Resources Ex-
periment Package requirements,

3.4.3 Experiment S191 - Visible and Infrared Spectrometer

Data obtained by the experiment S191 spectrometer are being used for
many studies which include a study to improve stratospheric structure
models that may be useful for improved weather forecasting. Also, data
collected over jet-stream cirrus cloud formations are being used to eval-
uate the dynamics of upper air flow., Since :he atmosphere attenuates and
absorbs portions of the reflected and emittec earth radiation, a knowledge
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of these effects is important for the effcctive use of the Earth Resou.ces
Experiment Package data., The spectrometer was aimed by its crew-operated
viewfinder tracking systen. to locate small, individual, homogenous areas
containing agriculture fields, forests, lakes, rock outcroppings, culturcl
features, et cetera, By comparing similar measurements obtained at or
near ground levels with the Skylab measurements, the atmospheric attenu-
ation effects can be determined.

Experiment 5191 performance was normal throughout most of the third
visit. The data reviewed were within expected limits and were in good
agreement with data from the previous visits.

The long~wavelength detector t mperature was high during the last
Earth Resources Experiment Package pass. As a result, the long-wavelength
detector data were degraded but are still usable.

Pictures obtained with the 1l6-mm data acquisition camera through the
viewfinder tracking system were of lower quality than those from the sec~
ond visit. Much of the imagery was underexposed; ho. ar, the quality is
sufficient for performing the required target {identifi._ation tasks. The
camera was mounted at a right angle to the proper position for the first
few passes, and several anomalous gimbal angle and Greenwic. mean time
displays were noted, However, these discrepancies have no effuct on the
usefulness of the film for target identification.

3.4.4 Experiment S192 - Multispectral Scanner

Imagery from experiment S192 is being used for mapping fault zones,
determining snow cover, mapping of land use, studies of the African
drouth ar~a, and for geothermal, water, and mineral exploration. The
data will also be used for studies of near-shore currents, sediment trans-
port, thermal pollution, and for environmental studies of proposed dam
sites in Illinois. In addition to these and many other studies, experi-
ment S192 data will be used for improving stratospheric structural models
necessary for improved weather forecasiing, and for uetermining water
color and thermal variations related to ocea: current interfaces in sup-
port of improved forecasting of fish locations,

The performance of experiment S192 during the third visit was quite
good. However, some of the data was lost during one Earth Resources Ex-
periment Package pass because the experiment 5192 alignment switch was
inadvertently left on,

Near the end of the third visit, the detector assembly was replaced
with a new assembly containing an improved thermal detector, Imagery
from the new detecter evide.ced very little of the banding (low-frequency

ety
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noise) that had previously degraded the thermal data (refs. 3 and 4).
Resolution in terms of noise equivalent temperature difference is 0.8° K
as compared with 2,0° K for the previous detector. Extensive analyses
and ground tests subsequent to the first visit had shown the low-frequency
noise to be the 1/f noise (noise amplitude inversely proportional to fre-
quency) inherent in semi-conductor detectors. An extensive detector de-
velopment program culmirated in a modified thermal detector design which
was Incorporated into the detector assembly that was launched on the
third visit. However, several changes of the new detector assembly were
known to be inferior to those of the original assembly; consequently, the
change-out was delayed until late in the third visit.

A new attenuator, designed to optimize dynamic range for spectral
bands 4, 5, 7, and 8 and reduce high-frequency noise in these bands, was
used throughout the third visit, Although the improvement in dynamic
range was realized, the noise (approximately 20 kHz) was not signifi-~
cantly reduced,

3.4.5 Experiment S193 - Microwave Radiometer/Scatterometer
and Altimeter

Experiment S193 data are being used for studies of means and methods
to improve remote sensing techniques. Storm system studies and studies
of the dynamics of upper air flow are being made to improve weather fore-
casting. Sea-state studies, wind-field studies, and determination of sea
.nrface brightness temperatures are being conducted. The experiment data
ace being used to assist in snow moisture content studies, Cloud data
.aken offshore are being studied in an effort to improve land-based
weather radar techniques and weather satellite interpretation. Near the
end of the third visit, an "around-the-world" altimeter data pass was ac-
complished to provide heretofore unavailable data on the earth.

Except for an apparent reduction in radiated power and a partial
loss of antenna roll control, the performance of the 5193 experiment was
similar to that of the previous visits, The radiometer portion of this
experiment operated normally, with the radiometric data correlating closely
with that from the previous visits. The performance of the scatterometer
and altimeter portions of the experiment was degraded by the apparent re-
duction in radiated power und the roll gimbal problem. Except for mode
5, DAS-3 operation,* altimeter performance was normal over the oceans and
areas of flat or rolling terrain, but was marginal over mountainous ter-
rain, Altimeter aborts dominated the mode 5, DAS-3 operations; however,
the pulse compression network used in altimeter mode 5 continued to per-
form properly during this visit, This network was inoperative during the
first visit, but began working properly during the second visit,

*Mode 5 is the pulse-compression mode of the altimeter. DAS-3 is
data-acquisition submode 3.

+

S I

(RS .

T e, A sl \etriraras w2 4

rrearmaiman i mmm k0

-1 um-..-‘-..m-..-.----.-.‘rm..--...m.u......--. T S,



3-54

During the second visit, the antenna pitch potentiometer became
shorted and all control of the experiment S193 antenna was lost., The
pitch axis was disabled and pinned at zero pitch during the first extra-
vehicular activity of the third visit. This action cleared the short,
thus restoring roll axis operation so that radiometer and scatterometer
data could be taken in the cross-track modes. Pinning of the antenna also
permitted acquisition of altimeter data in three of the five altimeter

modes.

The antenna ceased scanning in the positive roll direction (left of
the spacecraft) during Earth Resources Experiment Package pass 24. The
data indicate the roll-axis gimbal drive motor was not being provided with
the proper current during the positive roll periods. As a result, the
antenna scanned in the negative roll direction, but radiometer and scat-
terometer data could not be obtained at positive scan-angles after Earth
Resources Experiment Package pass 24. This anomaly is discussed in sec-

tion 16.2.7.

The internal calibration data indicate that the electronic section
of the experiment S193 transmitter and receiver operated properly. The
received signal strength during radiometer operation was normal, but the
received signal strength during scatterometer and altimeter operations
was reduced by approximately 20 dB throughout the third visit. Since the
data indicate proper transmitter output power, the 20 dB loss may be the
result of a problem in the antenna or antenna feed assembly. The data
from the third visit represent the first experiment 5193 data that were
acquired subsequent to the shorting of the pitch potentiometer during the
second visit. The antenna or antenna feed assembly may have been damaged
or misaligned when the antenna repeatedly slammed against the limit stops
during the second visit, The loss in signal strength will degrade the dy-
namic range of the scatterometer to an extent that the data obtained at
the maximum scan angles may not be usable. The apparent loss in radiated
power explains the marginal altimeter operation over mountainous regions

and the sborts in mode 5, DAS-3.

3.4.6 Experiment S194 -~ L-Band Radiometer

Experiment S194 data are being used for analysis of snowfields to
improve radiation models and energy transfer processes., Data collected
over the western United States are being used to determine soil and snow~
pack moisture content for use in crop planning and predicting the effects
of snow melt. For several days, experiment S§194 data were acquired over
a North Atlantic storm which was the largest and most intense cyclonic
storm not of tropical origin to occur in this area in over a decade.

Such repetitive data collected over a wide range of wind fields and sea
states will be of major importance in studying storm development and pro-
gression, in evaluating alternative numerical model configurations, and
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The L-band radiometer, which is a microwave receiver that senses the
L-band electromagnetic energy being radiated by the Earth's surface, per-
formed normally during the third visit and, as on the previous visits,
good quality data were received. The electronics enclosure temperature
was always several degrees cooler than the design temperature, requiring
an adjustment to the scientific data during ground processing.

A high beta angle resulted in a higher heat input from the sun to the
experiment S194 system during Earth Resources Experiment Package pass 29
. (visit day 60). As a consequence, both of the cold reference sources were
. too warm to provide valid calibration data and the scientific data from
this pass are not usable unless special processing techniques are employed
to utilize a valid calibration from the preceding pass.

3.4.7 Tape Recorder

The Earth Resources Experiment Package tape recorder system consisted

of two tape recorders. Tape recorder 1 (primary) was used for the first

31 Earth Resources Experiment Package passes and recorded 11 reels of tape.

Recorder performance was normal during seven of the reels, but during four

reels, occasional tape motion light flickering (indicative of erratic tape
“-r velocity) occurred for short intervals while recording at the fast tape
speed (1,524 meters per second), To preclude the possible loss of Earth
Resources Experiment Package data, tape recorder 2 (secondary) was used
for the remainder of the visit and recorded three reels of tape. Tape re-
corder 2 performance was normal except for a few instances of tape motion
light flickering, as had occurred on both previous visits.

L

The quality of the Earth Resources Experiment Package data processed
from the tapes indicates that both recorders performed quite well during
the third visit., Some data losses did occur, most of which coincided with
reports of the flickering tape motion light. However, in all cases, the
data were redundantly recorded on another track that experienced no prob-
lem at that time, The data on tracks 3 and 13 of tape recorder 2 were of
marginal quality, as was the case during the previous visits, but track 3
data were noticeably improved.

Analyses of the tape recorder system and inspections of the tapes
indicate that the brief data losses were caused by accumulations of sticky
tape degradation products on the recorder heads. The observed signal
losses were characteristic of a gradual buildup of tape debris on the
heads followed by a sudden self-cleaning action. As these buildups of
contamination became thicker, they resulted in recorded signal loss due
to increased head-to-tape spacing. The heads had been cleaned after the
. completion of each Earth Resources Experiment Package pass and both the
¥ heads and the tape path had been cleaned after removing each reel,
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The flickering tape motion light occurrences on both tape recorders
are indicative of erratic friction and drag in the tape path. One source
of drag had been previously identified as sticky tape. Chemical, mech-
anical and functional tests performed on the turn-around idler removed
from tape recorder 1 by the third visit crew show this idler to be another
source of drag. The idler shaft at the upper jeweled bearing was found
to be in an advanced stage of degradation. A combination of misalignment,
excessive end play of the idler shaft, and loss of end jewel support was
observed., The worsening idler condition observed in conjunction with
sticky tape contaminants explains the onset of flickering motion light
with tape recorder 1 used on the third visit. It is quite possible that
a similar condition existed on tape recorder 2.

3.4.8 Visual Earth Observations Experiment

The visual earth observations experiment was conducted on the third
visit and was designed to determine the tasks that man could visually
perform from the Skylab space station in accomplishing scientific study
of earth processes and phenomena. The data collected included crewmen
observations and hand-held photographs obtained with the 70-mm and 35-mm
cameras. More than 2000 photographs and about 850 observations were com~
pleted on the third visit.

Observations of major geological fault systems indicate that low sun
angles enhance tectonic structural features and that high sun angles en-
hance color differences. The Alpine Fault in New Zealand is shown in fig-~
ure 3-15, Crew discussions of the extent and nature of the Alpine, Ata-
cama, and Caucasus mountain fault systems indicate that the faults are
more complex than had been recorded. Information obtained on the San
Andreas, San Jacinto, and Agua Blanca fault systems identified areas that
may provide new factors on the age and relative motion of the faults.
Significant observations and photographs were obtained of the erupting
volecano Sakurajima (Japan), shown in f+ -e 3~16, and the relatively in-
accessible volcanic fields of Bolivia, - ontina, and Chile. The Sakura-
jima information included the color, dis..ibution, shape, and texture of
the eruptive clouds and associated fume pattern. Specific new informa-
tion was obtained on tne star dunes in Algeria and on the Empty Quarter
in Saudi Arabia.

Winter in the Northern Hemisphere allowed the crew to record areas
of snow cover and snow melting on the Great Plains of the United States -
conditions that are important to winter wheat production. Repetitive ob~
servations and photographs of the snow accumulation and melting phenomena
of the mountainous regions of the western United States and the Great
Plains have added appreciable information to the study of snow as a water
regsource. The snow melt rate progression, as related to cultural fea-
tures, suggests that cities influence snow albedo and, therefore, snow
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The Alpine fault line is marked by a scarp which is very distinct from orbital altitude.
The left side of the fault has moved northeast (upward) relative to the right side; some
stream offsets indicate the direction of relative movement. The distance from top to
bottom is about 290 kilometers.

Figure 3-15,~ South Island, Mew Zealand.
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In repeated observations from Skylab, the nlume of the volcano, Sakurajima, was seen
to stream out to the south or scutheast and became increasingly diffuse away from the
volcano. The abundance and distribution of the plume gasses will be studied to help
evaluate the effects and significance of man-made atmospheric pollutants.

Figure 3-16.- Island of Kyushu, Japan.
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melt rates. Forest cover increases the difficulty in snow mapping and
low sun angles facilitate the distinction of snow from clouds, Crew ob-
servations, relative to color tone between snow and snow-free areas aid
directly in the interpretation of photographic data.

Croplands were determined to be the easiest vegetation environment
for the crewmen to observe; primarily because of field color, and shape
and linearity of field boundaries. In the Southern Hemisphere, harvest-
ing and replanting of the cereal crops were recorded, Crop damage was
not readily discernible; however, the crew could readily resolve the ex-
tent of flood conditions. Analysis has shown that visual observations
from space are useful for assessing the rate and timing of plant develop-
ment and these data may be applied to the development of a global crop
inventory system. Haze conditions apparently do not impair crew obser-
vation capability to distinguish agricultural patterns although the haze
reduces the color contrasts recorded in photographs. The best viewing
time is mid-day, local time, and color is the principal factor used to
distinguish type and maturity of crops, with light colors being the mcre
readily discernible.

Color changes, indicative of vegetation growth, could be detected in
regions of 50 percent vegetation cover but, in areas of sparse vegetation,
the conditions of the forage could not be resolved. Numerous range fires
were sighted in South America, Africa, and Australia; the crew could usu-
ally determine whether grass, shrub, forest, or croplands were burning.
Fire scars were readily resolved; however, damage by disease and insects
could not be determined. The recording of vegetation patterns and the
variability within croplands could be accomplished through as much as
75-percent broken cloud cover.

The observation data, supported by many excellent photographs, have
provided information on ice dynamics in the Great Lakes region and in the
Gulf of St. Lawerence such as: rapid variability in ice features during
very short time intervals, morphological change as new ice forms and old
ice thickens, and the overall extent and character of the ice sheet from
beginning to maximum coverage. The third Skylab visit provided visual in-
formation for determining the relationship of weather and the extent of
ice, the thermodynamic studies of ice and water, and ship routing. Pho-
tographs of icebergs in the South Atlantic Ocean provide new and inter-
esting time~sequence information on their distribution, size, shape, and
occurrence. Further studies will aid in calculating their movements and
their possible use as a source of fresh water in the desert areas of Chile.

Current boundaries were observed by color contrast and the presence
of plankton bloom. Data obtained on the confluence of the Falkland-~Brazil
currents will provide new information on the growth and separation of me-
anders and curren? rings. The color differences showed that the currents
de not mix, but travel side-by-side.
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New data on red plankton bloom occurrence may aid biologists in the
study of the spatial and temporal extent of the bloom. Crew confirmation
of the occurrence of cold water eddies in the Yucatan current and their
identification in other major ocean currents is an important new data
source for study of ocean properties and ocean atmospheric energy exchange,
Current-generated turbulent areas in the lee of islands was clearly visi-
ble and the crew could distinguish features which were not discernable in
the photographs that they obtained. Also, detailed features of atolls,
seamounts, and shoals that were not apparent in photographs were identi-~
fied and described by the crew. The apparent absences of transported
sediment far from the coastal sources, as reported by the crew, is an im-
portant data point in the study of ocean bottom sedimentation.

The cities of the western world stand out in sharp contrast to the
surrounding cultivated regions and their characteristic photographic sig-
nature makes for ready identification. The cities in the Morocco-Algeria
region, however, lack an abundance of industrial and commercial buildings.
Therefore, these cities are in low contrast to the surrounding regions
and are difficult to identify by visual observation and by image analysis.

Although analysis of the data obtained from this experiment will not
be completed for several months, preliminary results indicate that visual
observations have contributed to the knowledge of many earth phenomena.
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4,0 ENGINFERING AND TECHNOLOGY EXPERIMENTS

4,1 ENGINEERING

4,1,1 Experiment M487 - Habitability and Crew Quarters

The third visit tended to confirm the conclusions drawn from the
first and second visit results in the area of habitability. All sched-
uled objectives were accomplished. Supplemental tasks added to the orig-
inal list of objectives toward the end of the visit were also completed.
The only premission objective not accomplished was the evaluation of a
new concept in foot restraints which could not be done because command
module stowage became critical and items intended only for evaluation
were removed from the stowage list in favor of additional consumables.

4,1.2 Experiment M509 - Astronaut Maneuvering Equipment

Five experiment M509 runs were completed with a total flying time of
5 hours and 23 minutes, although eight runs were planned. One of the Com-
mander's runs and two of the Pilot's runs could not be scheduled in the
flight plan., Consequently, some of the planned maneuvers, many of the ex-
ploratory maneuvers, and the suited evaluation of the hand-held maneuver-
ing unit could not be performed.

There were no failures or new anomalies on the third manned visit,
Data dropouts during about 10 to 15 percent of the flying time was the
only continuing problem, Suited operations using the life support umbil-
ical, which had been stripped to just the oxygen hose, were very satisfac-
tory. Perturbations from the oxygen hose were barely noticeable by the
crew, although the effects were observed in the rate data. Both crewmen
had some difficulty in gripping the rotational hand controller when suited,
causing long-duration yaw rotation commands to be very tiring. The Pilot
also had some difficulty in connecting the propellant tank to the airlock
recharge station during the Commander's suited run and this caused the
tank and battery changeouts to be performed out of sequence. Consequently,
the batteries were depleted before all of the planned maneuvers were com-
pleted on that run.

Overall accomplishments during the three visits include 11 experi-
ment runs, flights by five different crewmen, and about 12 1/2 hours of
flying time of which suits were worn for 3 hours. The automatically sta-
bilized maneuvering unit modes were generally operated with the greatest
precision. The specific tasks flown included point-to-point transfers,
dogleg and curved trajectories, stationkeeping, attachment/assembly oper-
ations, docking, cargo transfer, rescue, free-floating object retrieval,
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tracking, and tumble recovery. Six degrees of control authority, auto-
matic stabilization, proportional rate command, and conventional space-
craft piloting logic were verified as necessary design requirements for
future extravehicular maneuvering units. The control moment gyro mode
provided superior control performance, even in excess of the requirements
for some tasks. The rate gyro mode performance was satisfactory for all
tasks; however, the rate and displacement deadbands were not adequate for
the 1imb motion and umbilical disturbances experienced. The direct mode
performance was adequate, but required considerably more pilot attention
than the stabilized modes. The hand~held maneuvering unit mode was us-~
able when operating in the shirtsleeve configuration, but required exces-
sive mental and physical activity when operating in the suited configura-
tion. In view of the extensive training required for hand-held maneuver-
ing unit operations, as well as the marginal control provided by this umit,
further use of the hand-held maneuvering unit as an extravehicular tool
is not planned.

4,1.3 Experiment M516 - Crew Activities Maintenance Study

The third visit supported the original hypothesis that man can ac-
complish any reasonable task assigned during weightless space flight pro-
vided the proper tools and environment are given. The third visit tasks
were predominately servicing and troubleshooting, rather than rcpair.
Nevertheless, the crew demonstrated many times the unique qualifications
of man as a maintainer in devising solutions to nagging, if not major,
difficulties which confronted the crew during the visit.

Not as much data were obtained fcr experiment M516 as was expected
during the third visit because of scheduling difficulties associated with
anticipating upcoming maintenance tasks and obtaining photographic cover-
age. Oftentimes, the problem was diagnosed and resolved by the crew be~
fore the proper protocols could be implemented on the ground to insure ex-
periment coverage. Nevertheless, a wealth of data was compiled that will
play a large part in assuring that maintainability is considered in future
designs. Supplement 3 will contain additional information.

4,1.,4 Skylab Parasol Material Evaluation

The Skylab parasol remained deployed throughout the third visit;
however, the parasol did not provide ary thermal protection because the
twin-pole sun shield was deployed over the parasol. The remaining para-
sol material samples that were deployed on the first visit were returned
for postflight analysis and for final validation of the laboratory envi-
ronmental simulation techniques used in the evaluation of the parasol
material.
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The critical properties of the material chosen for fabrication of the
parasol were evaluated. The parasol material consisted of orange nylon
rip-stop cloth which was laminated to the Mylar side of an aluminized My-
lar film, Ultraviolet radiation degradation of the laminate was evalu-
ated in ground tests to determine the expected useful life of the parasol.
The tests were conducted at several facilities with flux levels ranging
from 1.2 to 5.4 suns, durations up to 1260 equivalent sun hours, and tem-
peratures ranging from 311° K to 394° K. Following exposure to the ultra-
violet radiation in a thermal/vacuum environment, a series of measurements
including solar absorptance, total emittance, breaking strength, elonga-
tion, and tear strength were made on the parasol material and compared
with similar measurements performed on control samples. Scanning electron
microscope photomicrographs were taken of the material in the as-received
condition and zlso after ultraviolet/vacuum exposure, The greatest deg-
radations were a 68~percent loss in breaking strength and a 92-percent
loss in elongation after 877 equivalent sun hours at twice the radiation
intensity from the sun and an exposure temperature of 366,5° K. Tear
strength results showed a 70 percent reduction after an exposure of 500
equivalent sun hours. No change was detected in total emittance after
sample exposura, but, as expected, the solar absorptance increased moder-
ately with ultraviolet exposure.

Additionally, two 30.5- by 30.5-centimeter specimens of the parasol
material were deployed on the second extravehicular activity of the sec-
ond visit and one sample was returned by the second visit crew after ap-
proximately 475 sun hours in the space environment. As before, solar
absorptance, total emittance, breaking strength, elongation, etc., were
measured on the returned sample. A 2l-percent loss in breaking strength
and a 40-percent loss in elongation compare favorably with the average
ground-based data for a comparable exposure time. A second 30.5- by 30.5-
centimeter specimen was returned by the third visit crew after the speci-
men had been exposed for approximately 1580 sun hours in the space envi-
ronment. As expected, the solar absorptance increased to 0.58 (from 0.49
for the second visit sample), and breaking strength and elongation were
further decreased (54 percent loss and 63 percent loss, respectively),

The results of the evaluation program have shown that exposure of
the Skylab parasol material to ultraviolet radiation in a thermal/vacuum
environment causes degradation of the parasol material. These effects
were most pronounced in the mechanical properties and to a lesser degree
in the optical properties; however, even with these degraded properties,
the material was acceptable for use in the parasol because of the minimum
loading the material received in service. The evaluation also showed that
the laboratory tests adequately simulated the effects of exposure in the
space environment.




4.1.5 Fire Extinguisher Discharge Test

A discharge test of one Orbital Workshop fire extinguisher was con-~
ducted to evaluate the effects of extended exposure of the extinguishing
agent to zero gravity, and to assess the behavior of the extinguisher when
discharged in a zero-g environment. The fire extinguisher is described in
appendix A of this report,

Previous experience with this type of extinguisher has shown that
the extinguishing agent will stratify during one-g storage, thus reducing i
the effective quantity and quality of the foam extinguishing agent when .
discharged. Stratification was not believed to occur in zero gravity,
and discharge tests of returned fire extinguishers on the first and sec-
ond visit spacecraft has indicated that stratification does not occur.

The test was conducted after the fire extinguisher had been exposed
to zero-g conditions for 262 days. Complete discharge of the extinguisher
into a plenum storage bag required 30 seconds. Based on the crew's com-
ments, the extinguisher yielded between 0.1 and 0.14 cubic meter of foam.
Only 0.07 cubic meter of foam was expected, indicating that storage in
zero gravity does not adversly affect the extinguishing agent, and foam
production may be enhanced in the zero-g environment,

4,2 TECHNOLOGY

4,2.1 Experiment T025 ~ Coronograph Contamination Measurement

The specially designed bracket, filter trays, and occulting disk per-
formed very satisfactorily during all extravelidcular operations on visit
days 7, 40, 44, and 80.

During the first extravehicular activity on visit day 7, the 35-mm
camera extravehicular activity viewfinder became loose. This prevented
further use of the experiment at that time because the shutter-speed ex-
tension knob free-wheeled (see sec. 16,3.3). A total of five exposures
had been completed when the problem occurred. Prior to the second extra-
vehicular activity on visit day 40, the knob wa. repaired and all succeed-
ing extravehicular -ctivity operations for this experiment were satisfac-
tory.

4.,2,2 Experiument TO53 - Skylab Earth Laser Beacon
Twenty-two passes with experiment T053 were performed during the
third visit, Of the 22 passes, the beacon wac successfully sighted 11

times and photographed by the crew. About 15 to 20 photographs were taken.
All functional objectives were met,
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The thivd visit showed that laser beacon stations can support oper-
ational spacecraft using existing technology, and that laser beacons are
the brightest feature on the face of the earth,

The crew preferred the green/yellow colors over the blue colors for
visual acquisition tracking, The nominal operational levels of 0.5 to
1 watt were adequate for man to sight the beacon from orbit. With power
levels of 1 to 2 watts in the yellow, the laser team remained visible to
the spacecraft at slant ranges over 2592 kilometers, This corresponded
to elevation angles of 170 to 340 milliradians relative to the teacon
transmitter,
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5.0 FOOD AND MEDICAL OPERATIONAL EQUIPMENT

5.1 FOOD

The extencion of the third visit to 84 days required 66,4 kilograms
of addicional food to be launched to support the visit. Because of la'mnch
weight restrictions, the Skylab menus for the 28 additional days were mod-
ified to include new high-caloric-density focds and to make maximum use
of the foods available in the Orbital Workshop. To provide a 10-day con-
tingency rescue capability at the end of the visit, 9.8 kilograms of sur-
vival bars with a nutritional value of 60 000 kilocalories were alsc
launched.

A resupply of salt was required because of the increased rate of con-
sumption allowed on the first and second visits. For the resupply, crys-
tal salt was packaged in mndified Apollo beverage packages. The salt was
rehydrated inflight, and syringes fitted with a special nozzle were used
to dispense the liquid salt as requived by the crew menus and by *“ min-
eral balance experiment. Puwdered horser. dish was provided in an Apollo
rehydratable spoon bowl package.

As a result of crew experlences with conventicnal shaker and bottle-
type condiment dispensers on tne second visit, a squee-e dispenser was
supplied for the third visit. The s3queeze dispenser, containing a col-
lapsed inner bag, was used for dispensing liquid pepper, Tabasco ¢ iuce,
and liquid garlic. As the liquid was expelled from the dispenser, the
collapsed inner bag inflated with air. This prevented air from becoming
mixed with the liquid.

1he Skylab food system and ancillary equipment pr-sented minor prob-
lems; however, the problems did not prevent the use of any item,

The rehydratable packages presented several problems. A slight seep-
age cccurred through the zipper closure of the spoon bowl package when
kneading the package. When eating from a spoon bowl package, inadvertent
closing of the bag caused food particles to be released ircc the atmos-
phere, One rehydration valve tube split because the watei passage hole
was either omitted or had been heat-sealed shut during marufacture.

The tension of the bellows (body) of the cuoffee container tended to
expand the package and introduce gas into the beverage. Also, four black
coffee items were mislabeled as coffec with sugar,
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Lid seam failures were noted in one can of pineapple and one can of
peanut butter. The salt dispenser nozzle became plugged with dried salt,
causing one salt dispenser bag to split when foarce was appiied in an at~
tempt to remove the salt solution from the bag., The crew procedures were
modified to prevent the splitting from recurring., Fin.lly, surface ten-
sion caused the liquid pepper to cling to the outside of the dispenser
nozzle instead of disp~mcing in a stream.

The crew commented that the chili was messy when eating. They also
expressed a need for more ready~to-eat, quick-energy type foods. Com-
m.ats concerning the condiments were that the liquid pepper could be used
by dispensing the liquid on the back of a spoon and then spreading it on
the food., Also, liquid condiments worked best when dispensed from a
syringe~-type device similar to the salt dispenser.

Summary of performance.-— The food system performed reliably. Exclud-
ing the catsup package failures, which occurred in the first visit as a
esult or the high temperature, the failure rate on all vi-sits was less
han 0.1 percent.

5.2 MEDICAL OPERATIONAL EQUIPMENT

5.2.1 Inflight Medical Support Svstem

The infiight medical support systew provided a source of drugs and
med..al equipment for miscellaneous problems. Several sets of resupply
dr ,s were available aboard the Orbital Workshop. Several injectable
drugs were resupplied becaise of potential degradation that was noted in
concurrent ground-based testing which simulated the planned Workshop en-
vironment (except for zero gravity). Other resupplied injectable and non-
injectable drugs included those with potential heavy use, or drugs which
data kad indicated may have incurred further degradation subsecuent to the
increased temperatures of the Workshop postlaunch phase. Special usage
rules were added to the inflight medical support system checklist and
these allowed access tuv the freshest of the many onboard drugs.

The preflight evaluation of the inflight medical support system equip-
ment was generally satisfactory. The items of questionable efficacy in-
cluded:

a. Tracheotome -~ Inadequate sharpness, somewhat time consuming to
use.

b. TIatravenous bags - Plastic tubing crushed in packaging.
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c. Endotracheal tube - Crushed in packaging.
d. Injectables - Difficult to pull covers off needles,

e, 1 to 10 000 injectable Epinephrine (10 cc) - Glass container
found broken on one sample.

f. Catheterization kit -~ Kit contained inadequately sized collection
bags.

g Head mounted light source - Focus of the light was poor.

The diagnostic equipment that was used included the otoscope for the
evaluation o: the Pilot's left ear fullness (occurring from visit day 29
through visit day 32), the thermometer for several of the "congestion"
episodes, and the hemoglobinometer and refractometer as part of routine
checking by the crew.

Hemoglobin and specific gravity were cliecked at the time of the reg-
ular blood drawings during the cecond visit, This same plan was initially
followed by the third visit crewmen, but to save time, the specific grav-
ity measurements were deleted except for clinical necessity after visit
day 38 and only four measurements were taken.

The hemoglobin check continued to be performed and, because of low
readings starting about visit day 59, additional checlis were made between
the regularly scheduled blood drawings by using blood drawn by the finger-
stick technique.

5.2.2 Operational Bioinstrumentation System

The cperational bioinstrumentalion was used during launch, extrave-
bicular activities, experiment M509 suited runs, and entry with satisfac-
tory electrocardiogram and impedance pnemmograph data being obtained.

5.2.3 Exercisers

After the first Skylah visit, a need was recognized for some exer-
clse device that was capable of supplying forces an order of magnitude
greater than previously used to maintain one-g muscle function. In addi-
tion, the exerciser woulc require the coordination of walking or running
as well as induce large energy workloads to minimize additional exercise
time required for cardiovascular conditioning, In view of the critical
stowage restrictions for the third visit command module, a treadmill was
designed which required minimum stowage space and weighed only 1.6 kilo-
grams, The treadmill is described in appendix A.



The treadmill did not exactly simulate normal walking, but did place
heavy loads on calf musculature, in particular, and extensors, in general.
High f{orces were placed on the extensor muscles, as was desired. No at-
tempt was made to achieve aerobic exercise, which was provided by the
bicycle ergometer. The exercisor required a reasonable degrese of coor-
dination. One measurement showed that oxygen uptake was approximately
50 percent maximum while using the device. It was typically used for
10 to 17 minutes per day with walking, jogging, and jumping-in~place ex~
erci: 3.

T. 2 Mark I, Mark II, and Mark III exercisers (ref. 3) and the bi-
cycle ergometer (ref. 5) performed as anticipated, but the Mark I exer-~
ciser sustained three return-spring failures during the third visit. The
first two, on visit days 19 and 74, were corrected by the crew through re-
placement of the return spring. The final spring failure, on visit day
80, was not repairable and usage of the unit was discontinued for the re-
maining 4 days of the vis ..

5.3 ENVIRONMENTAL MONITORING

Three types of monitoring and sample techniques were used in the
Orbital Workshop to assess the consumables and the livability of the en-~
vironment. The atmosphere was monitored for toxicity and volatile content.
The potable water was sampled to determine quality and the iodine content,

5.3.1 Atmospheric Toxicity Monitoring

The third visit was completed without any toxicolugical difficulty,
Three carbon monoxide detector tubes were available for measuring carbon
monoxide levels in the Orbital Workshop work space during the beginning,
mid-portion, and final phases of the visit. No significant levels of
carbon monoxide were detected at any period during the visit,

The Orbital Workshop wall insulation (polyurethane) caused some con-
cern because of excessive heating conditions during certain spacecraft
maneuvers required for Earth Resocurces Expzriment Package data collection.
Laboratory tests were conducted on insulati>n samples to determine if any
toxicological problem could develop as a result of the heating of the
spacecraft wall. The results indicated that a safe environment could be
maintained as long »< the wall was not heated beyond 435° K for a period
not exceeding 8 hours. The Earth Resources Experiment Package maneuvers
were completed without causing environmental difficulties.
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5.3.2 Atmospheric Volatile Concentration

An atmospheric volatile concentration measurement device was used on
the third visit for the first time. This device collected and trapped
volatile organic molecules from the Workshop envircnment in small tubes,
The tubes were subsequently capped and returned for quantitative analysis.
Samples from the beginning, middle, and end of visit have becn subjected
to high-resolution gas-chromatographic analysis. The results indicate the
presence of at least 150 organic volatile compounds, which are defined
for this experiment as those chemicals that can be desorbed from the por-
ous polymer in the sample tubes and can be chromatographed directly at
448° K., 1In essence, the compounds which are not gases under normal con-
ditions are separated and assessed at the parts per billion level, These
ronsist of chemicals (aldehydes, ketones, alcohols, and hydrocarbons) that
range up to 200 in molecular weight. Mass spectrometric amalysis is con-
tinuing to determine the concentration of these compounds.

5.3.3 Potable Water

Inflight potable water samples were taken to monitor the biocide con-
centration in the water storage tanks and to determine the amount of ad~
justment necessary to maintain an effective biocide level. Inflight sam-
ples were also returned for postflight verifiration of the chemical quality
of the water. The postflight analysis was req.uired so that an assessment
could be made of the impact of potable water chemical constituents on the
mineral balance and bioassay of body fluids experiments. Water usage for
all phases of the third visit was 746.3 kilograms, which is about 72 per-~
cent of the pre’light estimates.

Summary of performance.- The water system performed satisfactorily
throughout all visits and no significant problems were experienced. Water
usage throughout the threc visits to the Orbital Workshop was 1763.4 kilo-
grams, about 81 percent of the total planned usage.
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6.0 COMMAND AND SERVICE MODULES

This section contains the performance evaluation of the command and
service module systems for the third visit.

6.1 STRUCTURES AND MECHANICAL

The command and service module structural, mechanical, and earth
landing systems performed satisfactorily, although two attempts were re-
quired for the initial docking because of low command and service module
closure rates,

The third visit crew noticed a light brown film of contamination on
the surfaces of all the command module windows upon reentering the space-
craft for earth return., The film remained intact duriag earth entry ex-
cept for some flaking in local areas.

After recovery, the two rendezvous windows were removed and examined
with a scanning electron microscope. The examination showed the film to
consist of a top layer that was 0.4 micrometer thick, and a lower layer
that was 1.3 micrometers thick. Dispersive X-ray analysis showed the
presence of silicon in both layers. Infrared spectrochemical analyses
showed the silicon to be present in the form of silicone chemical link-
ages. The mass of the contaminant film ranged from 0.25 to 0.28 milli=~
grams per square centimeter,

Although no specific contaminant sources can be identified from these
data, the top layer of contaminant was undoubtedly collected during entry
from outgassing of tape adhesives and thermal control paints. The bottom
layer is hypothesized to have been deposited in orbit due to outgassing
of 5~13G thermal control paint located on the bottom of the Orbital Work-~
shop solar panels as well as other areas on the cluster. Predictions of
deposition on window surfaces, primarily due to outgassing of S-13G, had
oeen made through the contamination mathematical model prior to any
flights, Further analyses is continuing to specifically identify the
source of contaminants,

Summary of performance.- The spacecraft structural, mechanical, and
earth landing systems performed satisfactorily during all three visits ex-
cept that after the standup extravehicular activity during the first visit,
eight attempts were required to achieve a hard docking with the Workshop.
This condition 1is discussed in reference 3.




6-2
6.2 THERMAL

The third visit spacecraft temperatures were within acceptable lim-
its. Table 6-I compares the service module reaction control system tem-
perature limits to the flight data.

The command and service module thermal control system configuration
of each Skylab spacecraft was changed to meet the normal variations in the
thermal environment for each visit., The angle between the orbital path
and the ecliptic plane determines the quantity of solar heat incident upon
an orbiting spacecraft with a fixed orientation. This angle, termed the
beta angle, was a function of the launch date and varied throughout each
visit with a consequential variation in solar heating of the spacecraft.
Therefore, each Skylab spacecraft thermal control system required a custom
design.

The third visit command and service module thermal control system
configuration was changed in that a different thermal control coating was
applied to the surface of the service module covering the orbital batter-
ies in bay ¥ (fig. 6-1) to reduce the absorbed solar heat. The preferred
maximum temperature of the batteries in a dormant condition was 302,6° K,
Without a change in thermal coating, the temperature would have been about
315° K. With the coating change, the maximum temperature was 303° K.

The change was necessitated by a prolonged solar heating period caused by
adverse beta angles near the end of the visit, a condition peculiar only
to the third visit,

The quad A propellant storage modcle flexible line bracket tempera-
ture, as a function of beta angle, changed for each Skylab visit. The ef-
fect of the beta angle changes is typical for all the temperature measure-
ments; however, differences in the average visit temperatures are somewhat
greater for this measurement than that of other components, because this
measurewent is the most sensitive and is exposed to the most severe ther-
mal environment. The temperature at this sensor, as well as surrounding
componen.s, increased each time the spacecraft returned to the same beta
angle, This resulted from degradation of the thermal control coating.

Photographs taken during the fourth extravehicular activity show that
the major portion of the command and service module thermal coating changed
color, that sections near quad A of the service module reaction control
system had blistered and peeled, and that the coating just below quad A
was charred. The general discoloration of the command and service .icdule
was thought to be caused by deposited contaminants (possibly outgassed
material) and by solar ultraviolet irradiation. The blistering and char-
ring was caused by the reaction control system engine plume heating. The
effect of the thermal control coating degradation was to increase the
solar-side compouent temperatures each time the spacecraft returned to
the same beta angle.
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TABLE 6~I.,- THIRD VISIT REACTION CONTROL SYSTEM TEMPERATURE DATA

Temperature, °K

Category/name Limit Reccrded
Maximum | Minimum Maximum | Minimum
Quad A
Engine package 394 286 378 314
Oxidizer line 352 267 325 283
Helium tank 333 267 325 292
Fuel tank 332 272 324 294
Quad B
Engine package 394 286 373 312
Oxidizer line 352 267 299 277
Helium tank 333 267 292 279
Fuel Tank 332 272 295 284
Quad C
Fngine package 394 286 372 311
Oxidizer line 352 267 298 276
Helium tank 333 267 297 279
Fuel tank 332 272 297 280
Quad D
Engine package 394 286 373 320
Oxidizer line 352 267 309 272
Helium tank 333 267 311 289
Fuel tank 332 272 306 286
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6.3 ELECTRICAL POWER, FUEL CELLS, BATTERIES,
AND CRYOGENIC STORAGE

6.3.1 Electricai Power Distribution

The power distribution system performance was satisfactory. After
docking, the command and service module was powvred down to the planned
quiescent power level. After depletion of fuel cell reactants, the com-
mand and service module received power from the Saturn Workshop power
sources. All power transfers and power levels were normal with the ex-
ception that, during the entry minus 6 day checkout, no indication of
voltage was present when entry battery A was switchad onto battery bus A,
Repeated cycling of the bus tie circuit breaker was required to place bat-
tery A on the bus. A discussion of this anomaly is contained in sectiomn
16.1.4,

6.3.2 Fuel Cells

Fuel cell performance was normal throughout the third visit., Radi-
ator thermal taping was aot required to maintain the proper condenser exit
and radiator temperatures because tne radiator area bypass valve was ac-
tuated. The valve bypasses three of the eight radiator panels, thus re-
ducing the effective radiator area.

The average spacecraft electrical load during the docked quiescent
operatioans was 43.7 amperes. The fuel cells were shut down when the hy-
drogen quantity approached zero percent, which occurred 19 days after

The fuel cells provided 19 500 ampere-hours of energy at an average
bus voltage of 29.8 volts,

6.3.3 Cryogenic Storage

The cryogenic hydrogen and oxygen storage system performance was
normal. Oxygen tank 2 was deliberately offloaded to about 80 percent
quantity to minimize the amount of inflight venting after fuel cell shut-
down. After shutdown, the hydrogen vent was opened and the small amount
of residual hydrogen was vented overboard through the nonpropulsive vent.
The remaining oxygen was managed by flowing oxygen through the polychoke
orifice into the command module. Oxygen was not vented overboard during
the third visit, thereby precluding any thrusting that might disturb the
Crbital Workslop attitude. Oxygen and hydrogen quantities are summarized
in section 6.10.3 of this report.
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Summary of performance.- Cryogenic storage system performance was
normal for all three visi:s. Minor problems were experienced during the
first two visits; however, these were quickly remedied and did not ad-
versely impact mission opertions.

6.3.4 Batteries

The entry and postlanding batteries, pyrotechnic batteries, and de-
scent batteries supported spacecraft operations normally.

Entry batteries A and B were each charged once on the launch complex
and once after docking with the Orbital Workshop at the beginning of the
third visit,

Battery A could not be placed on the Lus during the entry minus 6
day checkout because of a circuit breaker problem. (Sec, 16.1.4 contains
a discussion of this anomaly.) As a result of this problem, more energy
was used than planned from batteries B and C (approximately 10 ampere-
hours each) during this check. Consequently, both batteries were re-
charged to full capacity prior to undocking.

Pyrotechnic battery A was placed on main bus A for a momentary period
during the troubleshooting of the circuit breaker problem to assure that
a backup capability to entry battery A existed, This application of a
pyrotechnic battery was the first usage in this type of situation,

The service module descent batteries, during the period from space-
craft powerup to command module/service module separation, provided 715
ampere-hours of energy for all spacecraft operations as compared with the
planned usage of 830 ampere-hours., Battery 1 delivered 375 ampere-hours
and experienced a temperature rise from 290° K to 372° K during this
period while battery 3 deliver=d 340 ampere~hours and an attendant tem-
perature rise from 284° K to .28° K. Battery 2 was not used,

Entry battery A provided 12 ampere-~hours during entry, while entry
battery B provided 15 ampere-hours, and entry battery C provided 13 am-
pere~-hours, for a total usage of 40 of the 120 ampere-hours available,

Summary of performance.- Lattery performance throughoui all three
Skylab visits was normal with the batteries supporting all spacecraft
power requirements and, in many instances, exceeding the specification
operational requirements.

The erntry and pyroteclnic batteries from the spacecraft used on the
first two visits received a residual capacity discharge test about 2
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months after the second visit spacecraft had landed. All 10 batteries
tested delivered, as a minimum, the specification capacity of 40 ampere-
hours, even after extended periods of storage.

6.4 COMMUNICATIONS AND TELEVISION

6.4.1 Communications

The communications system satisfactorily supported the third visit
operations.

During the previous two visits, considerable effort was required to
keep the volume controls on the speaker intercom assemblies, located
throughout the Saturn Workshop, adjusted to prevent feedback squeal, A
command and service module audio-center adapter was carried on the third
visit to reduce the level of the audio signal as it was processed in the
command and service module system. The adapter was installed after Work-
shop activation and was very effective in alleviating the feedback prob-
lem,

A condition occurred at landing which was identical to ona which had
occurred on the second visit. Salt water collected in the docking tunnel
connectors, shorting the keying function and causing the very-high-
frequency transmitter to key continuously. The system was reconfigured
in accordance with corrective procedures established after the second
visit problem, and two-way communications with the recovery forces were
established.

Summary of performance.- Except for two unrelated updata link fail-
ures during the first and second visits and a hand-held microphone shield
problem, the system hardware provided relatively trouble-free reliable
communications for the entire Skylab program,

6.4,2 Color Television Camera

One color television camera was resupplied for the third visi:, thus
providing two cameras for use during the visit, The color television sys-
tem performed as expected except for the following two problems.

a. Spots appeared on transmitted images from at least one of the
cameras., Similar spots were observed on previous visits and were, thus,
somewhat expected. They did not adversely affect the video operation
other than for the obvious cosmetic degradation,
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b, The crew noticed a small object apparently flocating inside the
tube of one of the mini~-monitors. The monitor continued to operate nor-
mally throughout the visit and its use was not impaired,

Summary of performance.~ During the entire Skylab program, the color
television camera system performed all required functions. Certain prob~
lems occurred including a camera failure (due to severe overheating dur~
ing an extravehicular activitv), cable failures, and spots on some of the
video transmissions., Howe..., backup units and the resupply capability
on the second and third visits provided the necessary equipment to accom~
plish all of the required color television objecti.es.

6.5 INSTRUMENTATION AND DISPLAYS

All command and service module instrumentation hardware performed
satisfactorily with the exception of a resistance thermometer and a dif-
ferential pressure transducer. The displays performed satisfactorily
throughout the third visit.

A resistance thermometer that measured the surface temperature of a
service propulsion system oxidizer tank indicated off-~scale low on visit
day 5. This anomaly is discussed in detaill in section 16.1,1.

The differential pressure transducer which indicated flow rate in
the primary water/glycol line showed large perturbations in the indica-
ted flow rates, pressures, and temneratures of the primary loop when the
weekly test procedure was performed on visit day 29, After tie procedure
was conducted, the primary loop water/glycol flow rate indication was ap-
proximately 4 percent higher than it had been before the procedure was
performed; however, the actual flow rate, as calcntated from the indica-
ted pump pressure, was unchanged,

An 8-percent increase above the normal fi . va' ;.- was indicated
after the weekly test was conducted on visit de ‘.. I''+ roccdure was
again conducted on visit da:s 45 and 50 and, in 2ac. ¥ .e, the indi~
cated water/glycol flow rate was reduced about 4 3¢ aus indicating
the normal value after visit day 50. Subsaquent wi. -. &3 resulted in
erratic indications, boin nigher and lower, of flow - .3 of alLort the

same order of magnitude. The correct flow rate was indicated after the
procedure was conducted for the last time on visit day 73.

The most probable cause of the erratic indication was stiction in a
pivot bearing of one of the movable components in the traasducer. Physi-
cal analysis of the transducer is not planned because the flow rate can
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be satisfactorily determined from “he accumulator quantity and the pump
pressure indications, should the erratic behavior reappear during another
mission,

6.6 GUIDANCE, NAVIGATION, AND CONTROL SYSTEMS

The performance of the guidance, navigation, and control system was
normal, At the completion of the launch phase, the onboaird computer in-
dicated that 4= o1b'" of 153.7 by 223.5 kilometers had been achieved.
Analysis of launch da.- indicates insertion errors of 0.53, -0.95, and
0.54 meter per second in spacecraft X, Y, and Z axes, respectively. These
compare favorably with previous visits and indicate normal performance of
the inertial instruments during the launch phase.

The tracker light om the spacecraft display console iliuminated ap-~
proximately 34 minutes aftcr lift-off, This alerted the crew to a fail
coendition in the optical coupling data unit. Attempts to reset the warn-
ing indication were unsuccessful and the fail condition persisted for ap-
proximately 35 minutes before it cleared itself, A data review while the
fail condition was present verified that the coupling data unit was opei-
ating normally and the cause of the fail condition was probably an inter-
mittent failure within the failure detection circuit. This failure would
have had no effect upon mission operations., The optics operated normally
hafore and after the time period when the failure condition existed. A
segment within the optical coupling data unit 1s used to route steering
commands to the service propulsion system engine, and a verification was
mad. that this segment would not be affected by this failure, At no time
during the remainder of the visit did the failure indication reappear,.

Table 6-I1 summarices the platform alignments and *“able 6-II1 sum--
marizes the maneuvers performed using the service propulsion system en-
gine.

The guildance, navigation and control systems operations during entry
were normal., Adequate control authorit was available using only one ring
of the reaction control systen. Tne second ring was cisabled because of
the helium leak discussed in section 16.1.3.

An attitude control problem was experienced during the -ommand module/
service module separation sequence. A procadural error resulted in four
circuit breakers being opened which removed 28 volts from the auto .:tic
coils cf the pitch and yaw control enginea, Consequently, the cr’ + had
to use the emergency direct coils to maintain manual attitude con' rul in
pitch and yaw. The rol) automatic coils were configu:red properly .td -he
digital autopilet coutrolled the spacecr-ft rull attitude through enir;y
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and the vehicle was guided to a landing at latitude 31 degrees 18 minutes
36 seconds north, longitude 119 degrees 46 minutes 12 seconds west, as
indicated by the onboard computer. The landing was about 3.5 kilometers
from the recovery ship.

6.7 PROPULSION

6.7.1 Service Propulsion System

The service propulsion system operations were normal throughout the
visit. Seven maneuvers were accomplished with a total firing duration of
41 seconds. Propellant usage data are shown in section 6.10.1.

During the docked period, system parameters were normal. On visit
day 3, the oxidizer tank outboard temperature indication decayed to a
reading of zero and remained there throughout the remainder of the visit.
The redundant measurement, oxidizer tank inboard temperature, was used
to monitor this area. Section 16.1.1 discusses this anomaly in detail.

After undocking and prior to the shaping and deorbit maneuvers, the
propellant tank pressures were equalized by manually activating the he-
lium isolation valves. Firing times for the shaping and deorbit maneu-
vers were approximately 12.1 seconds and € seconds, respectively,

Photographs were taken during the fourth extravehicular activity
showing the command and service module between quads A and D (fig. 6-2),
Analysis of these photographs showed some surface distortions on the en-
gine nozzle extension in the area of the columbium/titanium interface and
intermediate stiffener ring (fig. 6-3). The coated columbium/titanium
configuration is subject to this type of distortion as a result of the
thermal shock that is caused by the short-duration firing characteristic
of the Skylab mission. Similar deflections and wrinkles occurred during
the altritude chamber tests early in the development program of the en-
gine. The nozzle extension design and the physical properties of the
alloys allowed for such distortion without rupture. Consequently, the
engine performance was not affected by the surface distortion.

Summary of performance.,~ The service propulsion system performed nor-
mally during all three visits, The basic finding during the missions was
the fact that the modifications made to the Apollo service propulsion sys-
tem to withstand the effects of long-duration exposure to the propellants
were successful,
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6.7.2 Service Module Reaction Control System

The service module reaction control system performed normally from
first usage through the docking phase and after the valve reconfiguration
for the quiescent period. Propellant from the quad tanks was used first
to increase the ullage volumes in the tanks. After about 23 kilograms of
propellant per quad had been used, the system was configured to supply
propellants from the propellant storage module tanks. When not in use,
the propellant supplies were isolated from the manifold system. Propel-~
lant usage data are given in section 6.10.2.

Data received after docking, particularly during the Saturn Workshop
trim maneuvers, showed that the propellant storage module fuel manifold
and the quad B fuel manifold pressures were tracking each other even
though the quad B fuel isolation valves were closed, The valves were
cycled open and then closed, but the data continued to indicate that at
least one of the quad B fuel isolation valves was leaking. This anomaly
is discussed in section 16.1.2.

During the high beta angle phase of the visit, propellant tempera-
tures and pressures approaching the system high redline constraints oc~
curred in quads A and D, The pressures were relieved by temporarily in-~
terconnecting either quad A or quad D with the propellant storage module,

Summary of performance.- Overall reaction control system performance
was generally comparable to its performance during the Apollo program.
The most significant differences were in thermal management and operation
during the second visit following two system leaks, Excessive system tem—
peratures, and therefore pressures, were prevented during Apollo flights
by periodically rolling the vehicle, High pressures during the high beta
angle phases of the first and third visits were relieved by transferring
propellant from a quad with high pressures to the propellant storage mod~
ule where the pressure was lower, System leakage in quads B and D during
the second visit reguired that these quads be used only in an emergency
situation. The use of these two leaking quads wac not required during the
remainder of the visit. Trim maneuvers to adjust the ground track were
postponed untfl the third visit,

6.7.3 Command Module Reaction Control System

The performance of the comrand module reaction control system was
normal throughout the quiescent portion of the visit, Immediately fol-
lowing command module reaction control system activation, the system 2
helium source pressure began dropping, irdicating a leak., Further details
of this anomaly are given in section 16,1.3. A normal single~ring entry

s
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was accomplished using system 1, Propellant usage data are given in sec-
tion 6.10.2. All postflight activities relative to safing and decontamin-
ating the command module reaction control system were accomplished nor-
mally.

Summary of performance.-~ Overall reaction control system performance
was comparable to that during the Apollo program except for the pressure
leakage during the third visit. A significant demonstration by both the
command module and service module reaction control system was the long-
term propellant compatibility.

6.8 ENVIRONMENTAL CONTROL SYSTEM

The environmental control system performed satisfactorily during the
command and service module active and quiescent phases of the third visit.
Only minor operational discrepancies were noted and these had no signifi-
cant impact on third visit operationms.

The secondary coolant loop evaporator steam pressure decreased from
full-scale high to the lower 1limit of the measurement during the launch
phase. Since the secondary coolant loop was inactive during this phase,
the pressure should have remained at the upper measurement limit with the
evaporator back pressure valve in the normally closed position. Attempts
by the crew after orbital insertion to obtain satisfactory secondary evap-
orator operation were unsuccessful, However, 10 hours later, another at-
tempt to activate the evaporator using the standard procedures resulted
in a slow recovery to normal system operation. This sequence of events
indicates that the secondary evaporator back pressure valve was inadver-
tently left in the open position during the performance of the prelaunch
switch configuration checklist, causing evaporator freezing which resulted
in irregular system operation.

The primary water/glycol flow measurement indicated an increased flow
rate after the fourth and fifth 7-day checks of the command and service
module systems. A comparison of the pump differential pressure data dur-
ing these periods with the ground test data indicated normal system oper-
tion and erroneous flow measurement operation. This discrepancy is dis-
cussed in section 6,5,

During the quiescent phase of the visit, when the water tanks were
pressurize’ only by cabin pressure, the indicated waste water quantity
showed a very gradual decrease of about 6 percent. Infrequent higher and
lower excursions also were observed during this time period. These types
of variations have been noted on both the waste and potable water quantity



6~17

transducers during ground tests and previous flights. The erratic opera=-
tion of these transducers was attributed to film-like deposits between the
wiper and the cermet core element of the potentiometer. Complete loss of
the measurement would have had no impact on this visit., Transducer opera-
tion after repressurization of the tanks during the pre-entry operations
appeared satisfactory.

The suit return flapper valve in the Commander's suit flow control
valve stuck closed during activation for entry. For this visit, the
suit hose interconnects were deleted for weight savings, thus requiring
the valves to be left closed during the quiescent period to prevent dry-
out of the suit heat exchanger wicks and to prevent entry of debris.
This configuration caused the elastomer on the flapper to stick to the
seat, a problem that has been encountered during ground operations after
long periods with the valve seated, Sufficient differential pressure was
obtained to open the flapper by performing a backup procedure and using
both suit compressors. The valve operated normally after the flapper was
unstuck,

Evaporator water reservicing prior to undocking was interrupted to
solve the sticking suit flow control valve discussed in the previous para-
graph. As a result of the interruption, the primary evaporator water flow
valve remained on for about 30 minutes rather than the planned 3-minute
period. Data indicate that approximately 4.5 kilograms of water were sup-
plied to the primary evaporator, considerably more than the normal servic-
ing requirement of about 0.5 kilogram, Primary and secondary evaporator
activation after undocking appeared erratic with both the evaporator steam
pressures and outlet temperatures above normal. Additionally, the steam
duct temperature dropped to a lower than usual level of about 280° K, which
indicates free water carry-over into the steam duct and freezing, as would
be expected. This sequence also could account for the ice particles ob-
served by the crew during this period., Erratic secondary evaporator oper-
ation was still noted about 40 minutes later (primary evaporator was in
non-boiling temperature regime), but data after 1 hour showed satisfac-
tory evaporative control in both loops.

Summary of performance.- The command and service module environmental
control system operated successfully throughout the manned Skylab visits.
The components used in the environmental control system for the first time
in the Skylab program performed satisfactorily. Adequate thermal control
was maintained for all orbital attitudes, beta angles, and command module
heat loads. Most environmental control system problems were the result
of instrumentation malfunctions, minor leakages, and procedural errors.
All of these problems were minor in nature and had no overall effect on
visit operations.
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6.9 SPECIAL STOWAGE

Special command module stowage was required to: reservice and re-
place equipment; replace items with improved designs; provide for the ex-
tended visit duration; provide for changes in planned activities; replen-
ish supplies being depleted because the usage rates were greater than
anticipated; replace lost items; provide items for crew comfort; and pro-
vide for improvements in communications, television transmission, and
photography. Also, there were some items that were originally scheduled
for the first and second visit stowage lists that were held over for the
third visit because of stowage priorities. Command module weight and cen-
ter of gravity for launch, and weight during descent and landing are shown
in the following table.

Item Actual Limit

Earth launch weight, kg . « . . . 6103,72 6123.50

Launch escape vehicle Z=-axis
center of gravity, cm . . . . . 19.45 8.94

High altitude abort burnout X-axis
center of gravity, cm . . . . . 2847.09 -

Descent on main parachute
weight, kg L] . L] L] L] L] . L d . . 5872.71 5896./0

Landing weight, kg . « « « « + & 5633.80 -

All available third visit command module stowage locker space was
used for the items discussed in the previous paragraph. In addition to
the use of this normal stowage space, the following items were stowed on
top of the aft bulkhead lockers: supplementary food for the extended visit,
experiment TO025 extravehicular activity bracket, experiment S193 tool kit,
experiment 5054 film, and coolant accessories. The launch stowage config-
uration is shown in figure 6~4 and the return stowage configuration is
shown in figure 6~5. The launch and entry couch stroking envelopes re-
sulting from a worst-case landing are shown in figures 6=6 and 6-7.
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