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The Shuttle Environment Workshop 

The Shuttle Environment Workshop was a three-day meeting sponsored by the 
Spacelab Flight Division of the NASA Office of Space Science and Applications 
for users of the Space Shuttle interested in obtaining information on what the 
Shuttle environment is like and what to expect in the payload bay. 

The Workshop was attended by industry, university, and government 
personnel concerned with the payload bay as experimenters, users, manu- 
facturers, and vehicle integrators. 
Workshop and participated in technical sessions on Environmental Measurements, 
Infrared, Ultraviolet, and Space Plasma experiments. 

Approximately 360 people attended the 

Results of Shuttle environmental measurement programs were presented 
during the first two days of the Workshop. 
the implications for Plasma, Infrared and Ultraviolet experiments. 
Workshop covered pre-launch environmental conditions, results of key environ- 
mental measurements made during the flights of STS-1, -2, -3, -4, and post- 
landing environmental conditions. 

Panels of experts then discussed 
The 

The overall areas of concern from the Shuttle Environment Workshop and thc 
recommendations from the participants are presented in summary form in this 
report. . . .- 
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FRONTISPIECE - THE SHUTTLE PAYLOAD BAY 



PREFACE 

The Shuttle Environment Workshop was a three-day meeting sponsored by the Spacelab 
Flight Division of the NASA Office of Space Science and Applications for users of the Space 
Shuttle interested in obtaining information on what the Shuttle environment is like and what to 
expect in the payload bay. 

The Workshop was attended by industry, university, and government personnel concerned 
with the payload bay as experimenters, users, manufacturers, and vehicle integrators. Approxi- 
mately 360 people attended the Workshop and participated in technical sessions on Environ- 
mental Measurements, Infrared, Ultraviolet, and Space Plasma experiments. 

The Workshop was organized by Mr. Jules Lehmann of the Spacelab Flight Division. Dr. 
Tom Wilkerson of the University of Maryland was the Technical Chairman. ‘Dr. Lubert Leger of 
the Johnson Space Center and Mr. Ed Miller of the Marshall Space Flight Center were responsible 
for organizing the Environmental Measurements Session. Dr. Warren Hovis of the National Oceanic 
and Atmospheric Administration was the Chairman of the Infrared Panel. Dr. Theodore Gull of 
the NASA Goddard Space Flight Center was Chairman of the Ultraviolet Panel and Dr. Roger 
Williamson of Stanford University was the Chairman of the Space Plasma Panel. Administrative 
and logistics support and documentation preparation for the Workshop was provided by Mr. 
Shelby Tanner and Mrs. Julie Sheehan and other members of the staff of Systematics General 
Corporation, Sterling, Virginia under Contract NASS-27362. 

Results of Shuttle environmental measurement programs were presented during the first two 
days of the Workshop. Panels of experts then discussed the implications for Plasma, Infrared and 
Ultraviolet experiments. The Workshop covered pre-launch environmental conditions, results of 
key environmental measurements made during the flights of STS-1 , -2, -3, and -4, and post-landing 
environmental conditions. 

The overall areas of concern from the Shuttle Environment Workshop and the recommen- 
dations from the participants are presented in summary form in Chapter I of this report. 

A summary of each of the papers presented in the Environmental Measurements Session is 
presented in Chapter I1 of this report. The papers themselves are presented in full in Appendix A 
of this publication. A synopsis of the deliberations and recommendations of the Infrared, Ultra- 
violet and Plasma Panel sessions is given in Chapter 111. Comments regarding the future outlook for 
the Shuttle given in Chapter IV were derived from transcripts of presentations made at the Work- 
shop during the final plenary session. 
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CHAPTER r 
EXECUTIVE SUMMARY AND WORKSHOP PROCEDURES 

INTRODUCTION 

The success of the experimental flights of the Space Shuttle Columbia have led the way to 
a new era in space. The Shuttle success brings a new capability for placing large payloads into 
orbit, and for retrieving those payloads for analysis and reflight. This offers scientific investiga- 
tors and users an exciting opportunity for much more complex instruments and comprehensive 
investigations than have been feasible heretofore. With this excitement comes the potential of re- 
igniting the interest of the American people in the nation’s space program. 

From the inception of the Shuttle program, NASA was concerned about the Shuttle 
environment. Much work was done by NASA scientists and engineers to create a payload bay 
environment that would be compatible with virtually any payload NASA could launch. NASA 
has succeeded in conducting measurements of the environment and in ensuring a relatively clean 
payload during the pre-launch, flight and post-launch phases. 

One of the main experimental monitors used by NASA to determine the environment in 
the payload bay was the Induced Environment Contamination Monitor. This package of instru- 
ments has made environmental measurements during STS flights with a high degree of success. 
This has shown that the Shuttle environment is relatively free of contaminants, except for special 
instances of increased abundance of methane, water vapor and particulates. Results of these 
measurements are rapidly becoming more available. 

In establishing the Shuttle Environment Workshop, NASA shared the findings with scien- 
tific experimenters, users and other individuals who need to know what the Shuttle is like and 
what future experimenters may expect in the payload bay. The Workshop was centered around 
results obtained from the environmental measurements made on the Shuttle. 

The Program Agenda for the Workshop is given in Table I .  Figure 1 indicates the proce- 
dures and flow of communications for the Workshop. The first two days of the meeting were 
devoted to the Environmental Measurements session in which speakers made presentations to all 
Workshop attendees. Question-and-answer sessions followed the presentations, clarifying points 
and, in some cases, bringing out new details. Chapter I1 of the Proceedings contains the presenta- 
tion summaries. All attendees were urged to submit written questions for consideration by Panels 
(lower right). Following the presentations of results, the three Panels addressed specific issues of 
concern to Panel participants, and considered the questions that were submitted. 
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TABLE 2 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

AREAS OF CONCERN FROM THE SHUTTLE ENVIRONMENT WORKSHOP 
AND RECOMMENDED ACTIONS 

Area of Concern 

Vehicle Glow: Optical contamination 

Particulates: Optical contamination, 
damage to surfaces 

Operational Vehicle Data: Vehicle 
influence on observations 

Users/Operators Interface:, Mismatch of 
environment and experiment requirements 

Environmental Qualifications: Feedback 
from measurements to future operations 

Erosion of Materials: Degradation of 
essential components 

Gas Environment: Role of vehicle 
payload, thrusters, atmosphere 

Operational Monitoring: Flight 
intercomparjsons needed for planning 

Induced Electric Fields: Uncertain 
vehicle effects, and microwave transmission 

Temperature: Damage to instruments, 
compromise data 

Recommended Actions 

Study glow and coordinate with other 
agencies 

Eliminate source or minimize effect, and 
clean up ground environment 

Redesign information system to make 
data available more easily 

Management to re-examine and improve 
the user-operator interfaces 

Review, modify procedures based on 
measurements 

Avoid use of affected materials; use 
substitutes 

Establish more measurements to deter- 
mine parameters under varying conditions 

Develop standardized monitoring module 
with other users 

Review EM1 test plan and include all 
frequencies and environmental conditions 

More extensive temperature measure- 
ments, and provide protection options 

4 



The Panels represented three major classes of instrumentslmeasurements on future Shuttle 
missions. Their purpose was to reflect on the material presented in the meeting, on the basis of 
their experience with operations in space, and make recommendations to NASA accordingly. 
The Panels met in an evening and a morning session and reported back to the Workshop as a 
whole. A group of “areas of concern” was developed in these Panels for general consideration, 
and detailed recommendations were made to the Workshop at large. These recommendations 
appear in Chapter I11 of the Proceedings, which is the “report” called out in the figure (upper 
right). Summary comments and the outlook for the future made by several of the principals of 
the Workshop were presented in the final session. These comments are included in the Pro- 
ceedings in Chapter IV. 

SUMMARY OF PANEL FINDINGS 

This summary highlights the areas of concern from the Infrared, Ultraviolet, and Space 
Plasma Panels of the Shuttle Environment Workshop. These areas and the recommended actions 
from the Workshop deliberations are itemized in Table 2. The Panels expressed concerns falling 
into the following areas: 

0 

Vehicle Glow 
Particulates 
Operational Vehicle Data 
User/Operator Interface 
Environmental Qualifications 
Erosion of Materials 
Gas Environment 
Operational Monitoring 
Induced Electric Fields 
Temperature 

Summaries of each topic are given in the following paragraphs. 

1. Vehicle Glow 

The properties of this glow need to be determined. Information is needed on the following: 

0 spectrum and intensity 
0 vehicle surfaces involved 
0 

0 

0 day/night effects 
0 

0 

geometry of glow layer around vehicle (thickness and extent) 
dependence on altitude and surface materials 

ways to minimize glow contamination of optical measurements 
relationship (if any) of glow to surface deterioration 

Although the origin of the glow is important from a scientific standpoint, the above 
practical questions need to be answered first for maximum benefits to early Shuttle flights. 
NASA, DoD, and other organizations are all concerned. 
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2. Particulates 

The data on particulates are confusing at present, even though some sensational imagery 
has been recorded with cameras in the payload bay of the Shuttle. Several sources of par- 
ticles are known to exist: debris released during initial payload bay door opening, (2) ice 
particles which are known to form, with the dumping of waste water, (3) water released 
from thermal protection system (developmental problem), (4) particles released from aft 
end of vehicle (also probably associated with developmental problem). However, IECM 
data indicates that the particle environment is within specifications for a significant 
portion of each mission after the f is t  24 hours of the mission. These possible particles 
source correlations need to continue to better define the particle environment. Appar- 
ently, the ground environment of the Shuttle needs to be made cleaner with regard to the 
accumulation of dust on surfaces. 

3. Operational (Vehicle) Data 

The need has been expressed for additional (and more timely) operational data to compare 
with events detected by experimenters. Part of this problem appears to be the long lead 
time needed for the vehicle people to reply to a specific request by experimenters. 
Another part is the great volume of operational data that might conceivably be wanted by 
experimenters. The continuing impasse on this issue, attested to by several scientists and 
engineers, may be a management/communications problem that needs to be addressed by 
NASA. 

4. Management System for Shuttle Environment and Communications between Experi- 
menters and Vehicle Engineers 

There is a recurring dialogue in which experimenters are characterized as not knowing how 
to specify their Shuttle environment needs, and engineen are described as reluctant to say 
what the environment will be like unless expensive procedures are instituted. Given that 
both groups are clearly striving for the best possible results (and have achieved many of 
their goals), work is needed at the management level to resolve this situation. A sound 
“conflict management” process could help identify the sources of the problem and point 
to a solution. 

5. Definition of Environmental Specifications for Operations on the Ground and In Orbit 

The process whereby these specifications are set up, and how they may be modified by 
experience and measurements, needs to be reviewed and elucidated for the users - and 
perhaps modified. Not many of those present at the meeting seemed to know how the 
clean room specifications at KSC were set up, how to have it adjudicated whether a given 
improvement can be made without undue costs, etc. NASA needs to face this issue square- 
ly or there will be a continuing potential for unfair criticism of the Shuttle project and 
environment. 

6 



6. Loss of Material 

The attrition of selected surfaces in the Shuttle environment needs to be documented more 
completely, and the consequences assessed for: 

0 thermal control of vehicle and payload 
0 contributions to gaseous species 
0 sources for particulates observed 
0 

0 

effects on exposed optical reflectors and coatings 
possible substitution of other materials at key points on the vehicle and in payload. 

7. Gas Environment 

The gaseous environment around the Orbiter needs better definition. Sources discussed so 
far include: 

0 thruster firings 
0 vehicle outgassing/venting 
a payload outgassinglventing 
0 “ram” from the atmosphere 
0 leak of cabin pressure 
0 chemical interactions of the above 

8. Routine Payload/Vehicle Monitoring 

In addition to the extensive monitoring systems already in use, it has been proposed that 
standardized monitoring modules be flown on every operational Shuttle flight. Costs 
and benefits of this proposal need to be considered. The principle seems sound - while it is 
not clear that such a monitor will be representative of the environment on any given flight, 
or typical of a set of flights, in view of change? from payload to payload. However, stan- 
dard items such as upper stages may need additional measurements. 

9. Induced Electric Fields 

While some of the data show that the Shuttle affords a fairly benign electromagnetic 
environment (DC to high frequency), there seem to be gaps in: (1) the understanding of 
the relationship of the field to vehicle operations; and (2) the certainty that the payload 
bay is safe from EM1 problems for all possible microwave operations (e.g., Ku band). The 
test plan for EM1 checkout may need to be reviewed to satisfy all the users. 

10. Temperature 

While measured temperatures have agreed well with modeled data, one anomalous temper- 
ature measurement of 260’ needs to be documented more fully. 

7 





CHAPTER I1 
ENVIRONMENTAL MEASUREMENTS SESSION SUMMARIES 

INTRODUCTION 

The Shuttle Environment Workshop was organized to present data collected during 
flights STS-1 through STS-4 relating to the definition of the environment associated with 
Shuttle flight. Although the “environment” is generally considered to include all aspects, Le., 
vibroacoustics, loads, thermal, electromagnetic and contamination in the form of light 
emissions, particles and gases, only a limited number of these aspects could be covered in 
detail at this conference. Prime emphasis was placed in presenting data from payloads flown 
on the subject flights including results from the Induced Environment Contamination monitor 
(IECM). Brief summaries of the vibroacoustics, loads, electromagnetic and thermal aspects of 
the environment, as derived from Shuttle system measurements, were presented primarily to 
indicate where the environment was different than observed and, therefore, where specifi- 
cation changes may be forthcoming. In addition, brief summaries of two somewhat un- 
expected effects, the “vehicle glow” and interaction between the low earth environment and 
Shuttle payload bay materials were presented as an aid in interpreting other environmental 
data. 

Papers for each payload/experiment involved in Shuttle flights were presented essen- 
tially in flight-related chronological order. A significant portion of time was allocated for 
presentation of IECM data since this payload was Iclown on STS-2, STS-3, and STS-4 and, 
therefore, represents the largest data base relative to the contamination environment. Compar- 
ison of data gathered using the IECM on these three flights in question could be made. Sum- 
maries of papers presented follow and copies of the presentation material used by each speaker 
are included in Appendix A. 

In general summary form the following comments regarding the data presentation portion 
of the workshop are appropriate. Information collected from the fiist four Shuttle flights 
represent a significant base which can be used for assessment of the Shuttle environment not 
only in the area of contamination but also for the electromagnetic aspects as measured by 
portions of the OSS-1 payload. This conclusion can be drawn in spite of the preliminary 
nature of the measurements presented. Although not covered in detail at this workshop, a 
large number of measurements relating to the vibroacoustics, load and thermal environments 
also have been made. 

The contamination measurements made to date, however, present only a limited view of 
the Shuttle operational environment, since mission planning for the subject flights was driven 
by system performance assessment considerations and was not optimized for contamination 
assessment. For example, it has been recognized for years that contamination sensitive measure- 

receding - . I__ page . blank 
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since they were expected to perturb the environment significantly. There were periods that did 
represent operational conditions typical of that which can be expected by sensitive payloads. 
Under such conditions and taking into account the development nature of the flights, the 
operational limitations as previously discussed and the unexpected low earth environmental 
interaction with the vehicle, the Shuttle environment does seem to be in compliance with the 
contamination requirements as originally defined. This assessment is limited by the extent of 
the data gathered to date. For example, background light emission measurements have not been 
made in the far ultraviolet and infrared portions of the spectrum so that detailed assessment of 
the environment in these spectral regions will have to await data from future payloads. Infor- 
mation of this nature will define detail operational characteristics of the Shuttle and allow 
proper planning of future missions. 

EMI/EMC AND VIBROACOUSTICS 

Payloads to be flown on the Orbiter must be able to withstand the induced environment 
that will be present in the payload @/L) bay during main engine ignition, SRB ignition/lift-off, 
transoniclmax Q , and ent&/ landing. A comprehensive study was conducted during the orbital 
flight test (OFT) program to affirm the predicted induced environment that would be present 
in the P/L bay. The induced environments of major concern are loads from structual responses, 
random vibration generated by the acoustic environment at lift-off, the aeronoise environment 
during ascent, and the mechanically-induced vibration. Data for study were obtained from 
microphones located in the P/L bay and from accelerometers located on structural members of 
the bay. Additional data were obtained from transducers located on the payloads that were 
flown on the OFT flights. The measured flight data were compared with the analytical predic- 
tions and were found to be equal to or less than the predictions. 

The electromagnetic environments to be considered in the design and development of 
STS cargo are currently defined in the Core ICD. Environmental data are based on vehicle level 
testing (OV-101), test data from the Shuttle Avionics Integration Lab and component level test 
data. No in-flight electromagnetic environmental data have been taken, and there are no plans to 
do so. STS performance results to date indicate that the design environments are adequate. 

THERMAL MEASUREMENTS 

The Orbiter payload bay on-orbit thermal data in general have been warmer than pre- 
dicted. The hottest and coldest thermal environment for the payload bay occurred during 
STS-3. In the STS tail-to-sun and nose-to-sun attitudes, temperatures dropped to a minimum of 
-140°F as compared to preflight prediction of -180'F. The measured temperature on the 
payload bay insulation near the centerline reached 260°F as compared to preflight predicted 

' temperature of approximately 200°F in the top-to-sw attitude. 

The payload retention fitting minimum temperature ranged from -62OF on the DFI pallet 
longeron trunnion to -45'F on the DFI pallet keel trunnion. The flight measurements for STS-3 
were 10 to 15'F warmer than predicted in the tail-to-sun or nose-to-sun attitudes and up to 
30°F warmer during the top-to-sun attitude. Review of the data also shows that for a given 
location, the latch, rail, and trunnion temperatures were generally within 10°F of each other. 

10 



KSC SHUTTLE GROUND TURNAROUND EVALUATION 

Prior to launching, STS Orbiters and their cargoes are integrated at the launch site. An 
overview of the various payload processing flows, facility interfaces, operational considerations, 
facility internal environments and the ambient KSC environment was presented to acquaint the 
experimenter with the conditions to which the payloads will be exposed at the launch site. 
Generic classes of experiments most frequently requiring stringent environmental control was 
discussed as well as methods of supplemental payload protection. The post-landing servicing 
environment was described. The early and complete identification by STS users of experiment 
environmental and cleanliness requirements in the requirements documents for the mission was 
presented as the' essential first step in adequate protection of payloads. These requirement 
statements form the basis for KSC development of the Launch Site Support Plans (LSSP), KSC 
development of orbiter payload bay cleaning instructions and indentification of other actions 
suggested for payload element protection. 

EVALUATION OF TJ3E GROUND CONTAMING'I'ION ENVIRONMENT FOR STS PAYLOADS 

The Space Transportation System must accommodate the requirements of a wide variety 
of spacecraft systems and experiments. The contamination environment during ground processing 
operations was recognized as an area of concern early in the program. 

NASA established the Particles and Gases Contamination Panel (PGCP) and Contamination 
Requirements Definition Group (CRDG) to provide advice and define requirements. In order to 
define the cleanliness performance requirements for ground facilities it was necessary to review 
payload requirements as well as to evaluate the technology of clean facilities. 

The presentation reviewed the requirements, defined terms, and discussed the results of 
measurements performed during checkout of facilities and ground operations through the first 
four STS missions. Trends and expectations in the ground contamination environment of the 
STS were discussed based on current data. 

LOW EARTH ENVIRONMENT INTERACTION WITH VEHICLE SURFACES - MATERIAL EFFECTS 

Significant surface characteristic changes have been noticed on materials that were exposed 
in the payload bay of the Space Shuttle Orbiter on the first four flights. The most notable 
change was mass loss of Kapton film used as a component of thermal blankets. This film ex- 
hibited 35% mass loss on STS-3 and loss of material was noticed on all flights. Other changes 
consist of rapid aging of paints, oxidation of silver and other minor effects. 

A mechanism has been proposed for the effects described and involve the interaction of 
these organic materials with atomic oxygen available at low earth orbital altitudes. Acceleration 
of this oxidation reaction is probably caused by solar heating. Evidence supporting the mech- 
anism as derived from measurements made on Shuttle materials was presented. 

1 1  



OBSERVATIONS OF OPTICAL EMISSIONS FROM STS-3 

Photographic and television observations made during the flight of STS-3 in March, 1982 
reveal the presence of three separate optical emissions which may have direct impact upon 
planned scientific uses of the space shuttle. The first is a bright, orangish glow which appears 
as a thin halo surrounding all vehicle surfaces exposed to the ram direction. Observations show 
that this emission competes in intensity with bright stars seen within the photographic field of 
view and estimates based on the airglow background give photon fluxes larger that 100,000 R. 
The processes giving rise to the vehicle glow phenomenon are unknown at the present time, but it 
has been conjectured that excited states of the hydroxyl radical (OH) as well as certain states of 
molecular oxygen and nitric oxide may be responsible. Based on the present results, it appears 
likely that the peak radiant intensity of the vehicle glow may occur in the near infrared, beyond 
the viewing capability of the optical instruments used on STS-3. A second major source of optical 
emission seen during STS-3 was luminosity produced through the f ~ n g s  of the Vernier and Pri- 
mary Reaction Control System jets. Large, bright clouds of gas having lifetimes on the order of 
0.5 to 1.0 seconds were seen frequently during the TV observation periods. The intensity of 
these light bursts was substantially greater than that due to vehicle glow. Based on the color film 
results, it appears that the principal emissions of these clouds lies in the infrared. The third source 
of light observed at nighttime during the flight arose from Earth's airglow emissions. When posi- 
tioned correctly, the STS-3 cameras and TV systems observed a single bright emission layer at 
about 100 km altitude. Between this layer and the surface of Earth, a more general, diffuse 
emission could be readily detected. Based on other observing programs, the two principal emis- 
sions are that of atomic oxygen at 5577w and the combination of OH and molecular oxygen 
emissions at wavelengths longer than 76001. 

OBSERVATIONS OF OPTICAL EMISSIONS ON STs-4 

Following the discovery of the intense vehicle glow of the space shuttle on the STS-3 
mission a new experiment was devised rapidly and flown on the shuttle STS-4 mission. The 
experiment consisted of a conventional camera which was equipped with an objective trans- 
mission grating. Exposures were taken of the shuttle tail from the aft flight deck window. Shuttle 
glow was observed on a long (400 second) exposure and the spectrum was interpreted. It appears 
that the shuttle glow has a diffuse spectral component in the spectral region 6300 to 8000i. The 
flight deck window limits the observations in the range from 4000 to 8000&. By interpreting the 
shadow of the aft tail stabilizer section as it was superimposed on a bright background caused 
by the firing of an orbiter thruster we have found that this light is confined to a narrower spectral 
band in the 7200 to 80008 region. 

INDUCED ENVIRONMENT CONTAMINATION MONITOR ASCENT/ENTRY, OPTICAL AND DEPOSITION 
MEASUREMENTS 

A summary of ascentlentry, optical, and deposition results was presented from the measure- 
ments obtained from the Induced Environment Contamination Monitor (IECM) on STS-2, 3 
and 4 flights. 

Ascent and Entry results from the Dew Point Hygrometer Humidity Monitor, Air Sampler, 
Cascade Impactor, and TemperatureControlled Quartz Crystal Microbalances were presented. 
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Optical measurement results were presented from the Optical Effects Module, Passive 
Sample Array and the Camera/Photometer-instruments. 

Molecular deposition measured by the TemperatureGontrolled Quartz Crystal Micro- 
balances located on five sides of the IECM and the Cryogenic Quartz Crystal Microbalance were 
discussed. 

The on-orbit optical and deposition measurements were presented for transient events 
(water dumps, payload bay door openings and closings, reaction control system operation) and 
for quiescent periods. 

INDUCED ENVIRONMENT CONTAMINATION MONITOR MASS SPECTROWTER RESULTS 

A neutral gas mass spectrometer has been flown successfully on STS-2, STS-3, and STS-4 
as part of the Induced Environment Contamination Monitor. The collimated field of view of 10' 
half angle is normally oriented to view along the shuttle -Z axis so that the measured contam- 
inants are the consequence of scattering, mostly from the ambient atmosphere. 

Gaseous atoms and molecules with a mass to charge ratio of 1.150 amu are sampled with 
each integral mass number sampled for 2.0 seconds or during special events for 0.2 seconds. A 
full spectrum is thus obtained in either 300 or 30 seconds respectively. Particular emphasis is 
placed on the measurement of the H20 contamination, so it is sampled on a continuous basis 
between scans of the entire spectrum. 

H20 is the major gaseous contaminant; the return flux of H20 has been seen to vary from 
to perhaps 200 times that value. STS-3 showed the lowest values 2 1 -1 less than 1 x 10' cm- sr- s 

- frequently below the limit of detectability. 

Large fluxes of methane were observed correldted with thruster firings, however, these 
have been due to an instrument artifact. H20 fluxes also increase significantly during these 
methane events and NH3 and C2H6 have also been identified. 

The contaminant environment above mass 50 was remarkably clean. A few hydrocarbons 
were seen and on STS-4, Freon 21 was a significant contaminant. For the most part, the fluxes of 
heavy molecules were less than lo9 cm-* sr-l s-l. 

Noble gases in the atmosphere are well measured by the mass spectrometer and the results 
for helium and argon are in good agreement with model values for these constituents. The impor- 
tant aspect of this result is the confidence that it brings to the contaminant flux measurements. 

MODELING CORRELATION WITH FLIGHT DATA 

In space, the Space Shuttle Orbiter, like any spacecraft, induces its own particulate and 
molecular environment. This may be harmful to certain measurement and operational mission 
activities. In recognition of this fact, specific requirements establishing goals for maximum 
allowable levels of contamination were defined during the early days of the Orbiter development. 
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In order to provide the capability to prcdict the Orbiter on-orbit molecular environment as a 
function of specific configurations and operating modes for comparison with these requirements, 
a molecular flow math model called Shuttle/payload contamination evaluation program (SPACE) 
has been developed. So far, the model has supported the Orbiter development as well as the STS 
test series mission planning. Since an induced environment contamination monitor (IECM) flew 
on mission STS-2/3/4 to provide measured environmental data, the model also was used to 
predict values from certain parameters measured by IECM instruments on-orbit. Therefore, a 
comparison of predicted and measured data was made to verify model performance. 

A brief summary of the model was given along with the results of this comparison. Pro- 
cesses such as (a) the direct flux from molecular sources resulting in deposition on the TQCMs, 
(b) return flux to the mass spectrometer (MS) from the molecular environment, and (c) direct 
flux from molecular sources to the MS during the environment survey of STS-4 with the un- 
berthed IECM on the RMS were discussed. Gas sources analyzed were outgassing (early 
absorption), cabin leakage, flash evaporator, and a special H2018/Ne gas source. Since column 
densities were not specifically measured, the model is used to derive approximate values from the 
measured return flux data. The comparison performed so far indicate an overall satisfactory 
agreement . 

EFFECTS OF SHUTTLE ENVIRONMENT ON INSTRUMENT PERFORMANCE 

OSTA-1 carried four earth-viewing optical instruments. These were the Ocean Color 
Experiment (OCE), Measurement of Air Pollution from Satellites (MAPS), Feature Identification 
and Location Experiment (FILE) and the Shuttle Multispectral Infared Radiometer (SMIRR). 
The instruments were in orbit slightly more than two days. Fre-flight and post-flight calibrations 
of these instruments showed no changein performance within experimental error. Any effects of 
the Shuttle environment were too small to be detected. 

OSS-l/CONTAMINATION MONITOR 

The Contamination Monitor Package (CMP) was one of the nine OSS-1 experiments flown 
on STS-3. It contained four temperature controlled quartz crystal microbalances (TQCM) which 
were commanded real-time to temperatures simulating contamination sensitive surfaces. 
Molecular mass build-up and loses on these surfaces were measured almost continuously from 
pre-launch to post-landing. 

Results have provided an insight to accretion rates (Angstroms/hr.) for surface tempera- 
tures of -50 to +6OoC showing a very strong dependence on the Shuttle bay temperature or 
attitude. The data has been corrected for TQCM residual temperature sensitively; solar induced 
shifts were removed. Selected events occuring during the eight day mission were indicated on the 
time line in an effort to show dependence or lack of same. 

Three high temperature (6OoC) clean-up phases were conducted during the on-orbit period 
which provides reference levels useful in assessing cleanability of the vkious surfaces after expo- 
sure to the attitude dependent environments. Significant amounts of material (50-9Ow) remained 
after the bay to sun exposure and subsequent clean up phase. This information scopes the 
molecular contamination hazard for solar viewing attached instruments. 

The bay 'door-closed on-orbit phase provides preliminary data for a near-empty bay 
condition useful in the contamination control assessment for both attached and free-flyer pay- 
loads. 
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TEST FOR CONTAMINATION OF MgF2 COATED MIRROM 

Results of reflectivity tests made on MgF2 mirror samples during pre-flight, the actual 
STS-3 flight, and post-flight were presented for both covered and exposed conditions. Both the 
control mirror and flight mirror samples were contained in the OSS-1 Contamination Monitor. 
The comparison of results for these mirrors was presented for each sample before and after 
flight. The results showed (1) No change > 1.8 cs observed, except for fingerprint, (2) Weak evi- 
dence ( L l .8 cs ) for degradation at 121 6A and 1600A found in several samples, (3) No signi- 
ficant difference between flight mirrors and control mirrors, (4) Covered samples suffered more 
than samples exposed to sun, but differences barely significant, and ( 5 )  Exposed side of flight 
mirrors found to be somewhat dusty. 

The conclusions indicate that there was no evidence for permanent solar induced dete- 
rioration. Further, there was no evidence of deterioration on surfaces exposed during coating 
to oil-pumped (vs oil-free) vacuum conditions. 

VEHICLE CHARGING AND POTENTIAL ON THE STS-3 MISSION 

The Vehicle Clearing and Potential (VCAF') experiment flown on STS-3 was designed to 
study the electrical interaction of the shuttle orbiter with the low earth orbit environment. 
Measurements were made in the payload bay of the ion energy and density, electron density and 
temperature, ion and electron currents to metallic surfaces and charging of dielectric surfaces. 
These measurements were made under a wide range of conditions. Parameters included sun 
angle, magnetic field direction and the vehicle attitude with respect to the velocity vector. An 
electron gun which emitted a 100 mA beam of 1 keV electrons was used to perturb the vehicle 
potential and the environment in a series of active experiments. Measurements from the VCAP 
experiment vary greatly depending on the conditions. Large effects in plasma density were 
observed which depended on wake effects and exposure to sunlight. Dielectric charging was 
observed and in some cases the discharge times approached minutes in duration. Operationally, it 
was found that EM1 was not a problem; on-orbit data are the quietest data obtained during the 
testing, integration and mission activities. Photographs and videotape of the electron beam were 
obtained which indicate approximately ambient pressure levels near the orbiter. A surface glow 
was discovered as a result of the VCAP Photo/TV sequences. The glow was produced by impact 
of the ambient atmosphere on surfaces oriented generally in the ram direction. Light emission 
from the electron beam and the surface glow was completely dominated for short periods of time 
by firing of the attitude control thrusters. 

STS-3/OSS-l PLASMA DIAGNOSTICS PACKAGE (PDP) MEASUREMENTS OF THE TEMPERATURE, 
PRESSURE, AND PLASMA 

Operating at its pallet location and maneuvered by the RMS, the PDP made measurements 
of temperature, pressure, plasma, potentials and fields in and just above the payload bay. 

While on the pallet without a coldplate, the PDP was designed to be held above -25OC by 
heaters and below 5OoC by thermal blankets and radiators; on-orbit the measured extremes were 
-25OC and +52OC. Pressure was measured between torr (ambient at 240 km altitude) and 

24 hours for the Orbiter to outgass to ambient levels; the 
pressure was modulated between 
with the bay in the ram direction; at a primary thruster burn, the pressure increased to 3 x 10 
torr; and during the top-to-sun attitude, the pressure reached 2 x lom5 torr. 

torr (corona regime); it took 
and torr with Orbiter attitude - the peak occurrin -4 
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Ambient O’, N2’ and 02’ ions were observed with the addition of Orbiter-produced H20’. 
The ion density varied over 5 magnitudes with Orbiter attitude, day/night and charge state. Dir- 
ected ion beams with 10 eV energies were detected associated with the Orbiter wake; at times 
energized ions up to 30 eV and electrons up to 100 eV are observed in the vicinity of the payload 
bay. 

STS-3/OSS-1 PLASMA DIAGNOSTICS PACKAGE (PDP) MEASUREMENTS OF ORBITER TRANSMITI’ER 
AWD SUBSYSTEM ELECTROMAGNETIC INTERFERENCE 

The PDP included a complement of receivers covering the frequency range of 30 Hz to 800 
MHz and S-band at 2200 2 200 MHz to assess the intentional (transmitter) and unintentional 
(subsystem) electromagnetic interference (EMI) levels. The measured S-band data downlink 
transmitter field strength was 90/Range in meters Volts/meter whereas the predicted value was 
50/R V/m. At the pallet location, the UHF voice downlink transmitter field strength did not 
exceed 0.1 V/m; on the RMS the PDP measured less then 0.5 V/m. Above 300 kHz Orbiter 
subsystem noise was not detected at the receiver noise levels (80 dB uV/m/MHz k 20 dB) which 
was well below the ICD spec limits. Below 300 kHz, the magnetic field noise was nearly constant 
at 30 dBpT k 20 dB due probably to power converters and clocklines. Also, below 300 kHz, the 
electric field noise was broadband and variable over at least 60 dB depending on thruster firings 
and Orbiter attitude. This noise may be generated by the Orbiter interaction with the ambient 
plasma. Emissions stimulated by the electron beam were -20 dB above Orbiter associated levels 
at all frequencies760 MHz. 

OSS-l/STS-3 SHUTTLE INDUCED ATMOSPHERE EXPERIMENT 

Preliminary results from the OSS-1 /STS-3 Shuttle Induced Atmosphere experiment iden- 
tified difficulties associated with making pointable, low light level observations during Orbiter 
day - due to both stray light in the bay and to sky brightness (induced atmosphere) arising from 
sunlight scattered by particulates originating from the Orbiter and its payload. On-board tele- 
vision in a split screen “stereoscopic” format was used to provide information on individual 
contaminant particulates. Astronomical data were obtained from measurements over large 
regions of the Milky Way and zodiacal light. Coordinated and sometimes simultaneous obser- 
vations were successfully made from Mt. Haleakala, Hawaii and from STS-3 to provide unique 
information on atmospheric sources and sinks of radiation. 

SOLAR ULTRAVIOLET SPECTRAL IRRADIANCE MONITOR EXPERIMENT ON OSS-1 

The need to improve the accuracy of measurement of the absolute solar flux within the 
wavelength range of 120-400 nm requires an extensive effort in contamination control and in 
tracking the instruments stability. The techniques used in the Solar Ultraviolet Spectral Irra- 
diance Monitor (SUSIM) flown by the Naval Research Laboratory on OSS-1 resulted in very high 
calibration stability as proven by pre-flight and post-flight calibration. In-flight calibration and 
the pointing accuracy provided by the shuttle attitude control system was described. 

RESULTS OF THERMAL ENVIRONMENT MEASUREMENTS ON THERMAL CANNISTER 
EXPERIMENT AND GET AWAY SPECIAL ENCLOSURE 

Thermal sensors located on the radiators of the thermal cannister experiment and several 
locations on the GAS (Get Away Special) enclosure measured the total thermal flux (W + IR) 
through the use of thermopile sensors and the IR only using selective (silver Teflon) coatings. 
Flight data compared to preflight predictions shows significant differences occurred during tail 
and nose to sun conditions with fairly good agreement in the bay to sun attitude. 

16 



STS-3 “SNOWFLAKE” STUDY 

During the STS-3 mission, a significant number of particles was observed being released 
from the orbiter. Video tape recordings were made on days 3 and 7 with the forward bay tele- 
vision camera. Studies of the data were made to determine sources and sizes. The determinant 
particles ranged in size from 0.1 1 cm to 0.72 cm. Indeterminant particle sizes ranged from 0.85 
cm to 2.6 cm. The tapes indicated that a significant number of 1 mm to 1 cm diameter particles 
in the vicinity of the STS-3 were observed. Their origin may be near the aft end of the orbiter, 
but for the examined trajectories (33) over half were definitely forward of the aft end of the bay. 
It was also determined that there may be larger particles near the aft end of the orbiter. 

SPACE SHUTTLE: A VIEW OF WHAT WE HAVE DONE SO FAR 

Accomplishment of the Shuttle is reviewed at the transition point of the Workshop, where 
the agenda shifts from presentations of the environmental measurements to Panel deliberations 
on the role of the Shuttle environment in future programs. Questions directed to the presenters 
and to the IR, W and Plasma Panel sessions sh&pen the discussion of what changes are ex- 
pected, or need to be made, on the Shuttle for the maximum compatibility of vehicle and 
payloads. 

Unlike the common viewpoint of problems getting in the way of a desired result, the 
philosophy of “context” is adopted. Context is illustrated using the Apollo program as an 
example; that program was an idea large enough to include many problems, difficulties and 
alternatives that could have been said to oppose the program. 

The context put forth for the Shuttle is that its success marks the era of the accomplished 
“spaceship” -- a vehicle that can carry large payloads into space, perform complicated functions 
there including observation, construction and satellite launches, and return to Earth. This context 
for the Shuttle was created, and the successful Shuttle vehicle is the result. 

The creation of context is a conscious process that shapes the future. As the Shuttle 
program continues and opens up further possibilities for man’s exploration of space, the Work- 
shop participants can be expected to establish new contexts for their work. This process will 
inspire, create and direct the further development and use of the Shuttle as a spaceship. 
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CHAPTER 111 

REPORT OF THE INFRARED, ULTRAVIOLET AND 
SPACE PLASMA PANELS 

INTRODUCTION 

Following the presentation of environmental results in the Environmental Measurements 
Session, three Panels were convened to discuss the current status of the payload bay and the 
needs of Infrared, Ultraviolet and Space Plasma experiments. 

A general discussion was held in each Panel which included a review of those measurements 
important in each area. Discussions were held on the issues of concern to each group and how 
these environmental conditions might impact future experiments. The discussions revealed several 
common issues among the three Panels, as evidenced in the following summary reports. Many 
recommendations were made and are given in the individual reports and in the Summary. 

INFRARED PANEL REPORT 

The Infrared Panel treated various issues and environmental impacts regarding infrared 
experiments. Various environmental factors can contribute to the ability of infrared devices 
flown on the Shuttle to perform the mission for which they are designed. The Panel members 
concentrated on what should be done to: 

0 

0 
0 

0 

improve the measurements on the spacecraft 
improve the instruments that are to be flown 
develop protective devices for the instruments 
develop any other devices that should be flown 

The discussions were categorized by the panel into the following areas of concern: 

0 vehicle glow 
0 particulates 
e gases 
0 contaminants 
e thermal control. 

Each of these is summarized in the following pages. 

Preceding page blank 
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1. Glow 

Two issues were identified by the Infrared, Panel concerning the glaw that is observed on 
the Shuttle on surfaces on the forward direction of flight. The first concerh was the effect 
that the glow would have on optical measurements looking outward from the shuttle, 
specifically (a) would there be direct radiance from the glow into instruments, and (b) 
would there be particulate scattering of the glow radiation into the optical instruments? 
Clearly, a number of the characteristics of the glow need to be measured. 

An important characterization of the glow is knowing what is the reaction causing it. Is it 
0-0 or 0-H recombination, or some other reaction? Some of the information needed is the 
spectral character of the glow, Le., is it a continuum, or does it have a line spectrum and 
what is the radiant intensity of t,he continuum and any line spectrum that may be present? 
These data are needed over a wavelength range from the ultraviolet out to approximately 
2.5 micrometers in the infrared to answer the questions posed above. 

Another factor that requires more information is the extent of the glow beyond the 
surfaces facing in the forward direction of flight. Even though the color film exposure was 
quite long (400 seconds), color film is not extremely sensitive in the yellow and red, and it 
is possible that the extent of the giow is greater than indicated by the color pictures. It is 
also not clear from the color pictures whether the maximum radiant output was at the 
surfaces or displaced somewhat from the surfaces towards the direction of flight. 

A related issue is the air glow effects that are associated with the RCS firings, and the same 
types of measurements are needed on those; that is, what is the spectral content of the 
glow? What is its radiant intensity and its distribution around the spacecraft? 

The second main concern about the glow is the question of the effect of chemical reaction 
Qn surfaces on which the glow forms. Weight loss was observed on the Shuttle flights for 
plastic materials, as well as formation of a chalky white coating and changes in the flex- 
ibility of the plastic materials used in thermal blankets. Tests should be made as soon as 
possible to determine if the glow is the cause of the changes observed in the plastic mate- 
rials used in the thermal blankets to indicate whether the plastic materials should be 
protected with some other overlayer, or replaced with some other material. This is quite 
important since vaporized plastic will .probably redeposit in other areas of the spacecraft, 
including the optics flown in the payload bay. It is well known from past flights that 
effluents from plastics can coat optics that, if they are also exposed to the sun, can degrade 
and cause overall sensitivity losses for infrared instruments. 

2. Particulates 

As with the glow, the prhcipal need for information on the particulates is the material 
composition of the particulates; specifically, the volatility, conductivity, location and 
space in time, size distribution vs location, determination of the density of particles smaller 
than those detected so far, and the migration and redistribution of the particles including 
dwell time in the field of view of optical instruments. 
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Of particular concern are those particles that might reach optical surfaces and-thereby 
deposit a residue that would not evaporate and would change the characteristic of reflect- 
ing (more than transmitting) surfaces. Since particles are observed with apparent diameters 
as large as 2 centimeters, these questions remain. Should optical instruments provide their 
own shields as a protection against such particles entering the optics, and should those 
shields be open and closed as events such as f i i g  of the RCS thrusters occur? 

The concern about particles also extends to spacecraft that may be launched from the 
Shuttle, because the plan now is to have a thermal shield for such spacecraft, but not to 
have a shield that would exclude particulates and gases. If these spacecraft require that 
optical apertures be protected and covered prior to separation from the Shuttle, this 
information should be known as soon as possible because of the added complexity and 
expense associated with shielding from any particulates that can enter optical apertures. 
Obviously, any action that can be taken to reduce the number of particulates in the 
Shuttle payload bay would be quite desirable and would reduce the necessity for added 
covers. 

3. Gases 

Despite the “snow storm” effect observed after the dumping of waste water, it appears 
that the H20 column densities are below original specifications and of little or no concern 
to the sensors on the spacecraft. It would be desirable, however, to have these H 2 0  
column densities confirmed on successive Shuttle flights to make sure they remain below 
the standards. 

The presence of more complex gases such as monomethylhydrazine should be measured, if 
possible, as a function of location and persistence after firing of the RCS system. This 
again may lead to a requirement for instruments that would have deployable covers that 
can be closed during the firings and opened at some time after the firing when the gas 
concentration will have reached a satisfactory level. 

4. Contaminants 

This area is intended to cover contaminants other than the particulates and the gases such 
as monomethylhydrazine. In particular, the contaminants referred to are those which are 
outgassed from those plastics that have shown a weight loss on the spacecraft, and those 
that resulted in non-volatile residues that were collected on the quartz crystal micro- 
balances. The chemical form of the material lost from the plastic should be determined. 
This will have a strong bearing on the necessity for individual experiments to provide 
covers that can be opened and closed during the flight of the spacecraft. 

If non-volatile residues are left behind on the quartz crystal microbalances, it is also 
possible that such residues may be left behind on optical surfaces. Attempts should be 
made to analyze those residues and their origin to reduce, if possible, the quantity of the 
material produced in the residue, and to indicate whether protective covers are needed on 
optical systems. Any relationship between the residues and the previously mentioned glow 
should be established as quickly as possible as a step in reducing the amount of the residue. 

21 



5. Thermal Control 

It was reported that, in one case in the so-called “sun up” position into the payload bay, a 
sensor measured a temperature of 260° Fahrenheit. It is not clear if an optical sensor 
located in the same position would reach the same temperature, but it is known that the 
utility of optical sensors such as mercury cadmium teluride detectors would be severely 
affected, if not destroyed, by temperatures as high as 260° Farenheit. Further information 
is needed on the temperatures that would be reached in flight by sensors, and whether 
operational control can prevent sensors from seeing the sun directly and being overheated, 
or whether protective shields are needed that may have to be deployed and restored during 
flight. 

Such temperatures would probably accelerate the mass loss observed in some of the 
material in the payload bay, so it would appear that operational planning is necessary to 
avoid prolonged exposure to the “sun up” position and temperatures as high as those 
measured on the previous Shuttles. Passive control of temperatures of surfaces that see the 
sun directly has been achieved on the Shuttle either by the Shuttle itself as a whole, or by 
individual experiments that are forced, because of operational constraints, to view the 
sun directly. 

6. General Consideratione and Recommendations 

With minor exceptions, the major thrust of the Infrared Panel output was that better 
characterization is needed of all of those features of the Shuttle that may affect optical 
instruments. Those characteristics identified were the glow, particulates that had been 
observed and those that may not have been observed due to smaller size, the various gases 
that are produced by the RCS system and leakage from other parts of the Shuttle and other 
instruments on the Shuttle, contaminants that are produced by mass loss from plastics and 
possibly from other instruments on the Shuttle, and thermal control to prevent tempe- 
ratures from reaching as high as the 260’ Fahrenheit that was reported. 

It was the feeling of the Panel that a basic “core” package of environmental measurements 
should be made on every Shuttle, and in as many locations as is feasible. This package of 
measurements should also be supplemented in special cases when unusual experiments are 
flown to build up a baseline of knowledge concerning the environment of the Shuttle. 
This would reduce the amount of funding and effort expended to protect individual 
instruments to that actually needed, rather than overdoing it because of lack of knowledge 
of the Shuttle payload bay environment. The Infrared Panel recognized the fact that while 
redesign of the Shuttle is not practical in any major way, better characterization of the 
Shuttle environment is certainly practical - and could, in the long run, lower the cost of 
experiments by reducing the complexity of the protective devices that had to be provided 
for each experiment. 
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ULTRAVIOLET PANEL REPORT 

The W Panel loosely interpreted the Shuttle environment to include things other than the 
on-orbit environment situation. The Panel was concerned with the environment which UV pay- 
loads would encounter at Kennedy Space Center plus pre and post-flight phases, 

The Panel addressed issues during pre-launch, post-launch, and the Shuttle-induced back- 
ground which is a real issue for ultraviolet experimenters skce there is very little information 
on the W to date. In these areas of concern, other issues addressed by the Panel included 
problems such as optical coatings, thermal effects, pointing stability, gas cloudlcharged particle 
emission, affects on integrated circuits, and information/data dissemination. Each of the topics of 
interest to the W Panel and recommendations made are, summarized in the following para- 
graphs. 

1. Integration During he-Launch 

The Ultraviolet Panel paid particular attention to the integration of experiments at KSC 
prior to launch. The Panel addressed the need for defining the special integration proce- 
dures, such as cleanliness, in the Payload Integration Plan (PIP). The feeling from the 
integration people at KSC seems to be “Put it in your plan if you think you will need 
it.” 

One of the key problems raised was the cleanliness level which must be maintained for 
optical, U V  and X-ray coatings. The general feeling is that just because there is a certain 
“visual cleanliness level” does not mean that the optical coatings are not contaminated. 
Visual inspection does not guarantee that there is no molecular surface contamination. 

The Panel expressed the desire that a better cleanliness criterion be expressed that would 
translate into specifications driven by science objectives. 

One other key problem addressed by the Panel in the optical and ultraviolet area was 
the routine “last access to the payload” situation. The last opportunity for an experi- 
menter to have access to his instrument may be five weeks before launch. This is a major 
issue. As an example of interest, astronomical photographic emulsions fog rapidly if left 
at room temperatures. If hypersensitized within a few days of use and kept cool (0-10°C), 
improvements of three to four times sensitivity can be realized. 

While the experimenters would like to use these emulsions (111 AS, 111 AF, etc) in Shuttle 
experiments, the environment on board the Shuttle is not adequate. 

Other issues expressed by the Ultraviolet Panel related to integration at the KSC and 
whether sufficient testing, integration and storage facilities exist for those instruments that 
will fly multiple flights. Would there be clean facilities where optics, perhaps detectors, 
could be changed at KSC. At the present time, experimenters are concerned with even get- 
ting access to change electronic boards. The Panel felt KSC facilities need to be evaluated 
systematically from a user viewpoint. 
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2. 

3. 

4. 

5. 

Post-launch Environment 

The post-launch environment issues raised by the Ultraviolet Panel were cleanliness and 
thermal control, how fast the experimenter can get to critical components including 
photographic films before thermal fogging is significant. Rapid removal of the critical items 
will be required for many scientific experiments. 

Shuttle-Induced Background 

The shuttle-induced background is just now being addressed; we do know it comes from 
several already known sources. The photographs obtained to date are demonstrative of 
some problems. From the STS-3, significant red emission is known to exist near Shuttle 
surfaces. A correlation with exposure to the ram velocity vector is now known. 

The U V  Panel was concerned that similar velocity vector induced emissions will occur in 
the optical region possibly in the near ultraviolet region, but especially in the infrared 
region. 

The Panel recommended that a study of this problem be done with high priority, since 
there are many shuttle payloads, including OSS-3, that are anticipated to go down to sky 
background. The shuttle-induced emission will greatly impact Science goals. 

Vernier Thruster Firing 

The vernier thruster firings contaminate both by the chemical cloud properties and the 
pointing disruptions. There is insufficient information on cloud dissipation to the level 
where observations can be done in the ultraviolet and optical. Settling times of pointing 
systems are only modeled at this time. 

Some of the STS-3 measurements indicated background enhancements during vernier 
thruster firings, even overhead the payload bay. The Panel is concerned as to how far into 
the ultraviolet these emissions extend, how bright they are, and what techniques could be 
employed to minimize the background. 

Experimenters need a warning signal in the data channels in order to protect the experi- 
ment and/or- accumulated data from thruster contamination. This problem was pointed 
out five years ago but to no avail. Many experimenters have reiterated that the need still 
exists because experimenters could have time to drop voltages on detectors and even close 
shutters. The Panel recommended that this issue be reconsidered by NASA. 

Another issue was the number of thruster firings which would occur. This is a serious pro- 
blem for a pointed system as the frequency of firings could be often enough that the 
pointing never settles down. 

Water Dumps 

Similar issues were raised by the Ultraviolet Panel concerning water dumps and flash 
evaporator operations. NASA needs to schedule water dumps and flash evaporator use 
around experiment timelines. Moreover, experimenters must be aware of the schedule and 
should receive data line signals during the operations. 
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6. Optical Coatings 

Although the OSS-1 witness mirror tests of MgFl overcoated aluminum showed no deteri- 
oration, there were some questions raised by the Panel because the witness plates were not 
thermally monitored. They may have been as hot as Sodegrees Centigrade and very little 
adhesion of contaminants would have occurred. The Panel recommended that further 
experiments be flown with better control of conditions. 

Much more information is needed about mirror coatings in the extreme ultraviolet. The 
Panel was concerned knowing that osmium, which oxidize rapidly at the Shuttle orbital 
altitude. Other mirror coatings, including iridium, need to be tested in Shuttle and the 
Long Duration Exposure Facility. 

7. Contamination of Other Materials 

Photographic emulsions were another area of interest to the Panel since experimenters 
need to know what emulsions are not affected by the Shuttle environment. Some films 
have been flown on OSS-1 , but there are no results at this time. 

The Panel recommended an experiment be developed to determine if emulsions can 
be hypersensitized in the payload bay on orbit. 

8. Shuttle Gas Cloudcharged Particle Environment 

Some problems were identified by the Panel regarding upstream ram pressure and its 
effects on U V  detector pumps. Windowless UV detectors will be flown on the OSS-3 
mission. The ion pumps for these detectors are designed to pump pressures at Torr 
and are rapidly used up at higher pressures. 

The pressures reported from prior flights indicate that the Shuttle may never fall below 
the Torr pressure. Obviously, if the pump is working continuously at a higher 
pressure, its lifetime is going to be limited. The problem becomes very serious as the ion 
pump may not last through the mission. 

More information is needed about the payload bay gas pressure and whether or not these 
pumps are adequate. 

Another issue for the Panel was the effect that charged particles will have on photo- 
graphic emulsions, on detectors, and on certain optical surfaces. More information is 
needed. 

9. Thermal Environment 

The payload bay thermal environment is of concern to the Panel. An example is the 
environment the OSS-3 payload may encounter. 

The OSS-3 payload consists of three co-aligned telescopes mounted on a MSFC - designed 
cruciform. The cruciform is mounted on the Instrument Pointing System (IPS) and the 
payload utilizes Spacelab hardware and avionics. The payload shares flights with deploy- 
able satellites. During the fust few days when the satellites are deployed and tested, the 
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IPS remains stowed. Two of the telescopes will be in a very hot payload bay situation. 
The key issue is will they survive. The thermal problem might be resolved if the IPS could 
be deployed, looking out of the bay, so that all of the instruments had a much more 
benign' environment. 

The Panel recommended that this issue and related thermal problems be worked through 
over the next few years. 

10. Pointing Stability 

Pointing stability is a problem that has been compounded by the fact that the Shuttle 
is not stable in an inertial environment that it continuously uses vernier thruster to keep 
it stabilized. 

At this time it is not known how many firings must occur per orbit for inertially pointed 
experiments. Estimates are that between 60 to 400 firings may occur per orbit. The IPS 
settling time may be as long as 15 seconds. With 400 thruster firings per orbit, the IPS 
may never settle down to a quiescent situation. The OSS-3 science goals require arc 
second pointing stability. Internal motion compensation will be required for the quies- 
cent stability. The Panel recommended that consideration be given to reducing the 
thruster firing per observation. 

11. Control from Aft Flight Deck 

While operations and control are not really contamination, concern was expressed about 
the need for interactive control. If an experimenter can control automatically as well as 
from the aft flight deck and from the ground, then the unanticipated situations can be 
met much more successfully. 

Experience gained through Spacelab 1 and 2 missions would provide a much better 
feeling on just how much control an experimenter will indeed work from the aft flight 
deck and from the ground. It should reveal how much the experiment can be changed 

' orbit by orbit. The Panel felt this could make the difference between success and failure 
for a mission. 

12. Integrated Circuits 

Experimenters flying new experiments on the Shuttle are increasingly relying on state-of- 
the-art integrated circuits. Few devices are flightqualified and indeed many may be 
susceptible to soft or hard failures due to radiation or energetic particle hits. 

The Panel recommended that experiments be developed to test various integrated circuits 
both for short missions and for long duration exposure facilities. 

13. Management Consideration 

The Ultraviolet Panel recommended that there be an organization designated within 
NASA Headquarters that has the responsibility to follow the contamination control on 
the Shuttle, provide funding where it would be very useful to get more information, and 
effectively improve the contamination situation. The Panel felt that NASA would obtain 
a more postive response from the science and engineering community if they know that 
the contamination problem is being worked upon and being improved. 
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SPACE PLASMA PANEL REPORT 

The Space Plasma Panel covered areas related to the plasma environment of the Shuttle, 
the electromagnetic interference generated by the Orbiter and its payload, and the electrical 
interaction of the Orbiter with the surrounding atmosphere. The Panel was also concerned about 
the environment as it affects instrumentation used for plasma measurements. The discussions and 
presentations made during the Workshop established many of, the characteristics of the Shuttle 
environment and led to a number of recommendations from the Panel. 

The discussions were categorized into the following topics: 

0 Vehicle Glow 
0 Electromagnetic Interference 
0 Pressure Environment 
0 High Voltage Systems 
0 Ground Contamination 
0 Data and Information. 

Each of these is summarized below. 

1. Orbiter Surface Glow 

The fiist item of concern to the Plasma Panel was related to the vehicle glow detected on 
STS-3 and STS-4 and the glow process studies. The Orbiter surface glows as a result of 
impact by the ambient ionosphere on the surface of the vehicle with optical emission of 
undetermined brightness and an undetermined mechanism. The issues addressed were 
whether or not the glow could be seen on round objects and whether or not the glow is 
related to the thruster firings. Thus, the recommendation of the Plasma Panel was related 
to further understanding of the glow. The Panel recommended that the effort to under- 
stand the processes responsible for the surface glow observed on STS-3 and STS-4 be 
greatly intensified. Investigations aimed at studying this phenomenon should be given the 
highest possible priority on forthcoming Shuttle flights. 

2. Electromagnetic Interference (EMI) 

The measurements made with regard to the electromagnetic interference emission levels 
onboard STS-3 were of concern to the Plasma Panel since the electromagnetic interference 
(EMI) generated by the Orbiter and the payload is about 20 dB below the current 
specification. 

The Panel felt that a large part of the EM1 that was measured was actually generated by the 
payload. Accordingly, there is a relatively benign environment; but to take advantage of it, 
payloads must be coordinated. This coordination should be done at an early stage. The 
Plasma Panel recommended that user input within any particular proposed Shuttle payload 
should be coordinated to facilitate electromagnetic compatibility with the least degree of 
EM1 limitations across the board. 
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3. Pressure Burst 

The results from STS-3 revealed that pressure bursts produced by firing of the Reaction 
Control System (RCS) jets reached levels of torr. This level is a problem when particle 
detectors and other instruments which use high voltages are operated in the payload bay. 

The Panel recommended that the pressure environment in the payload bay and its 
dependence on angle of attack, thruster firings, and other pressure modifying events be 
measured with a suitable time resolution on subsequent flights to permit a better charac- 
terization of the pressure environment. 

4. High Voltage Systems 

Results from STS-3 have demonstrated that “activeyy experiments utilizing electron beams 
can be successfully operated in the payload bay with particle detectors and plasma wave 
diagnostic measurements performed in and near the payload bay. Changes in vehicle 
potential were observed, with the highest values occurring at night. 

Orbits flown to date have been low inclination orbits. Polar orbit environments will be 
substantially different, particularly the flux of energetic particles from auroral beams 
which will bathe the entire Orbiter. The Panel recommended that measurements similar to 
those flown on STS-3 should be made in polar orbits. 

The Panel also felt that parametric studies should be made pursuant to increasing the 
effective conducting area of the Orbiter, to allow the use of higher current beams in the 
future. Since future payloads will incorporate exposed high voltage systems, it is necessary 
to understand the operation of HV systems in the Orbiter environment. 

5. Ground Contamination 

High levels of contamination were present in the ground facilities during integration of the 
payload, although there was no detected impact on the on-orbit operation of any of the 
instruments. The Panel is concerned about the risk of payload equipment degradation or 
failure induced by contamination during payload preparation, particularly in the Orbiter 
Processing Facility. 

The Panel recommended that efforts to characterize and document contamination during 
payload preparation should be continued, and that improvements should be made to 
facilities, where practical, to reduce the contamination levels. The /Panel also recognized 
that shortened exposure to the environment reduces contamination and encourages 
improved scheduling of payload flow through the preparation facilities, 

6. Data and Information 

Many of the questions raised by participants during the workshop could be answered with 
data already obtained. The Panel felt that continued support for data analysis is needed 
and recommended .that results be incorporated into modeling codes, specifications, and 
reports disseminated to the user community. 
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The Panel also recommended that an Environment Information Directory of available 
documentation concerning the Shuttle and Spacelab environments be made available 
quickly to users. The directory should include reports, specifications, guidelines, measure- 
ments, models, analyses, and the Operational Information (01) downlink measurements 
list. An annotated bibliography of this documentation should be made available as soon as 
possible and be kept current with updates on a timely basis. 

The Panel considered the need for this information to be of the highest priority and 
fundamental for future use of the Shuttle and Spacelab. The Panel further recommended 
that investigators on future Shuttle and Spacelab missions be provided realtime access to 
the 01 measurements list. The experience of investigators on the orbital flight test missions 
has demonstrated the need for realtime Orbiter data provided to the Instrument Ground 
Support Equipment. Some of the operational changes developed as a result of the first 
four missions require detailed and timely knowledge of Orbiter operations including 
trajectory, attitude, thruster firings and water dumps. 
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CHAPTER IV 

FUTURE OUTLOOK AND COMMENTS 

INTRODUCTION 

In this session of the Shuttle Environment Workshop Proceedings, the events of the Work- 
shop Panel sessions are summarized and a synopsis of the future of the Shuttle and the Shuttle 
environment is given. 

This workshop was organized by the NASA Office of Space Sciences and Applications 
(OSSA). This office is responsible for making use of the shuttle. It does not build it. Thus, the 
experimenters and users work with OSSA to use the shuttle that is being built by the Space 
Flight Office. The Office of Space Science and Applications represents investigators and users - a 
most important group because it is their requirements and their needs that drive our work. 

During the Workshop, there were Panel sessions in the IR, W, and Space Plasma areas. 
These Panels represented the experimenters in these technologies. These Panels discussed what is 
happening with the Shuttle, what it means for users, and what kind of activities NASA will be 
doing in future missions. 

The recommendations from the Shuttle Environment Workshop will be sent to those who 
can make decisions. It may not mean you will get full satisfaction, because decisions of this type 
usually cost money and money is limited. NASA does not have unlimited funds but within the 
funding limits, NASA will do the best it can. 

In the following paragraphs of this chapter, comments and €uture projections in a number 
of areas addressed during the workshop are presented. The material is taken from transcripts of 
individual remarks made in the final workshop session. The subjects and authors are: 

Environmental Measurements - L. Leger, JSC 
Contamination Effects - E. Miller, MSFC 
Orbiter Constraints on Deployable Payloads - R. Brown, JSC 
Documentation and Environmental Information - R. Colonna, JSC 
Ultraviolet Experiments - T. Gull, GSFC 
Infrared Experiments - W. Hovis, N O M  
Plasma Experiments - R. Williamson, Stanford University 
Shuttle Lidar - T. Wilkerson, University of Maryland. 

The following paragraphs indicate what the Shuttle future may hold. 

Preceding page blank 
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ENVIRONMENTAL MEASLJREMENTS 

In summarizing the environmental measurements made on the Shuttle, it may be stated 
that NASA was surprised by the oxygen effects on surfaces, and the resulting effects in orbit. 
These effects confused the basic intent of trying to find contamination from the vehicle and, in 
fact, may be classified as a contamination that needs additional definition. However, NASA feels 
the measurements that have been made to date constitute a very sigriificant data base in terms of 
measuring the environment on the Shuttle. 

It should be noted that during the previous flights of the Shuttle, not all environments 
were measured. However, the specific parameters that are needed for payload development and 
decision processes and what needs to be done in the future have been characterized by the basic 
measurements that were made. The OSS measurements indicate that for quescent periods, back- 
ground light levels comparable to the galactic background can be achieved. The OSTA-1 payload 
provided a good indication that we have a very good vehicle from an Earth resources measure- 
ment standpoint. 

Although the data obtained from all the measurements represents a very sizable data base, 
we cannot, within the period of four flights and within the constraints experienced, identify 
whether or not there is a background around the vehicle that might interfere with optical mea- 
surements that are critically sensitive to the opposite ends of the spectrum, Le., UV and infrared. 
Over the next ten or twelve flights, NASA should continue to define the environment and at the 
same time try and understand the Shuttle environment’s behavior, its development, and its 
characteristics. 

Through that timeframe, the utilization of the already planned payloads is one way to 
augment the original measurements. However, there are some exceptions. For example, the 
problem of the oxygen effect on materials will require special studies and is being addressed at 
this time. 

The other item of concern to experimenters is that they want orbiter data for assessment 
of their missions. Ways are being developed to provide this kind of information in an expedient 
fashion to payloads in the near future. 

In the interim, we have to answer questions such as: what are the vernier control RCS 
systems doing to IR measurements, UV measurements? With that defbition, it is hoped that we 
can operate the vernier system within a very reasonable mode acceptable to both the remaining 
portion of the vehicle and payload and get significant measurement times without perturbations 
by any vehicle-induced parameter. 

With the additional ten flights, the perturbation in that environment should be defied. 
Hopefully, the users will fmd that verniers will not perturb their W experiments and that the 
perturbations on the IR will be identified. We also hope to control contamination so that we can 
use the vehicle as it was really intended to be used and concentrate on making the scientific 
measurements, rather than concentrating on taking contamination measurements which have 
been a major consideration in the first four flights. 
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CONTAMINATION EFFECTS 

The IECM experiment carried on the Shuttle was an instrument specifically designed to 
characterize the environment generally, whereas the scientific instruments that will be flying in 
the future will have the capability to measure their specific contamination requirements. 

Examples of this have been seen in the OSS-1 mission where the electromagnetic environ- 
ment payload which took excellent electromagnetic environment measurements. Another exam- 
ple is the infrared telescope where, initially, MSFC tried to get a similar instrument onboard as 
part of the IECM, but due to the cost, it was decided to wait until an infrared telescope was 
flown. The Infrared Telescope (IRT) selected for the Spacelab 2 mission will provide the best 
contamination measurement from the standpoint of the requirements of an infrared telescope. 
Other instruments, such as the U V  instruments on the Spacelab 1, will provide similar specific 
W contamination information. It should provide much better data than the IECM. 

While the Shuttle environment and cross contamination are major concerns, experimenters 
should not lose sight of the need to maintain Contamination control while the instruments are 
being built. The Space Telescope is a good example where studies have been performed that say 
the Shuttle environment will contribute very little to the Space Telescope contamination 
throughout the launch and deployment. However, the inside of the Space Telescope itself could 
cause a big problem, so they are having to select and process these materials very carefully. We 
expect that they will do a good job so that it will survive its own contamination. Thus, principal 
investigators should not lose sight of the need to clean up their own instruments. 

ORBITER CONSTRAINTS ON DEPLOYABLE PAYLOADS 

From the orbiter standpoint, NASA is trying to accommodate each experimenter’s require- 
ments, even though it may not be apparent. JSC has established a few constraints and require- 
ments for the payload which are basically for the deployable type payloads. 

These constraints are what NASA feels are necessary for making up the payloads, and for 
accomplishing a particular mission without having to juggle payloads each time a new deployable 
payload comes onboard. 

The constraints that have been placed on deployable payloads are: (1) instruments have to 
be able to tolerate the Sun in the bay for 30 minutes and, (2) instruments must point in deep 
space for up to 90 minutes. The majority of the time, or the rest of the time, the missions will be 
flying in ZLV (Z Axis, Local, Vertical) or payload bay down towards the earth, which is the most 
benign attitude that is acceptable with deployable type payload. 

For the majority of the experiments that will be flying on sortie-type missions, they will be 
looking at a fairly benign environment, if it is flown with a deployable payload. 

The temperature for the ZLV in the payload bay is running anywhere from 0 to 20 degrees 
Fahrenheit, unless there is a lot of power dissipated right in the particular payload. 

An example of the things that the orbiter will be doing for an operational mission is the 
STS-6, which will fly the Tracking and Data Relay Satellite (TDRS). NASA has accepted a 
constraint of a maximum of five minutes of Sun in the bay during that mission at any given time. 
For this mission, some specific maneuvers will be made to keep the Sun out of the bay. 
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In summary, it should be noted that during the operational timeframe, NASA will be 
working with the payloads trying to match the mission with a payload that is compatible with 
the experimenters' requirements. 

DOCUMENTATION AND ENVIRONMENTAL INFORMATlON 

There has been a thread of continuity from manufacturers, users and scientists in the 
requests that have been made of the STS, particularly for a readily available data base for various 
types of information. However, from each of the three different groups, there was a slightly 
different variation on the type of data required. 

Another common request is for a simplification of the documentation process and total 
integration process. 

To respond to these two requests, two actions are underway. JSC has initiated very 
positive actions: the Mission Integration Office has started an activity to review the integration 
process in detail and will attempt to combine and simplify the documentation requirements. 
There is an attempt to combine a number of the document annexes so that instead of having 
nine, there will be only four or five. Hopefully, as time goes on, there.wil1 be less than four. 

JSC has also begun work to create an STS Customer or User Service Center. One of the 
major activities is to provide a source for a uniform set of data for all the users. This will be the 
place to go to ask questions. 

The intent is to provide an answer to all of the requests in terms of providing documen- 
tation. These activities have been started, and we hope to have them in place in the very near 
future. 

ULTRAVIOLET EXPERIMENTS 

The use of the Shuttle in the W astronomy area will develop mainly in two directions that 
are very compatible with each other. 

(1) The first direction is that, as new experiments are developed, the Principal Investigators 
want to test them. In the past, tests have been made on rocket payloads which are very, very 
short - 100 seconds or a few hundred seconds. This is not enough time. The prospect of having 
days or weeks to fly in the Shuttle payload is most exciting and interesting. 

It is hoped that in the future, as we go through the Spacelabs and the OSS series, opera- 
tions on the Shuttle can be simplified to the point of where, although they are more complicated 
than with rocket payloads, they are a lot less complicated than satellite operations, from the 
standpoint of getting launched and becoming operati~nal. 

(2) There is a large community that will be using the Shuttle in the future to test new 
concepts in W astronomy, X-ray astronomy and solar physics. There is an even larger commu- 
nity, throughout the world, that has great interest in using facilities that NASA will be building, 
placing on the Shuttle, testing them out and eventually putting them on platforms and free 
flyers. That is the direction in which the major facilities in astronomy will be going, 
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That is exactly where the Space Telescope is heading. It is exciting to realize that in just a 
few years there is going to be a large telescope in orbit, and we expect it to last 10 or 20 years or 
more. It will be a major thrust in the field of astronomy. 

An analogy to this is the International Ultraviolet Explorer. The IUE was launched in 
January, four and a half years ago. At the time, there was not as much interest in the community 
as eventually came out. Four and a half years later, that satellite is operating beautifully. 

In the IUE, it took several years to see any degradation in terms of sensitivity in the 
detectors. We may be seeing 5 to 10 percent in one of the detectors at this time. The greater 
concerns are keeping the gyros going long enough to observe for another five years. Credit should 
go to the international team that is assembled in Britain, the European Space Agency, and NASA. 

Success can be measured by the realization that the-data from the IUE have been dissemi- 
nated to astronomers throughout the world in a very well coordinated guest observer program. 
Over a third of the astronomers throughout the world have had access to those data, and the 
number of publications coming out of IUE keeps increasing. 

This is the community that we, as Shuttle users and potential users, should be addressing. 
We need to be anticipating what is the experiment that is going to occur five to ten years from 
now that the community can use to forward research in the new frontiers of astronomy at that 
time. 

The OSS-3 mission is one that we are working on in the meantime. We are going to be 
working with direct imagery in the ultraviolet, going to limits far exceeding anything previously 
expected, and doing polarization measurements, probing the extreme ultraviolet from 900 
angstroms down to perhaps 400 angstroms, to find out how far we can see within our galaxy, and 
beyond. 

As we learn from the OSS-3 experiments, we will be designing new experiments, new 
satellites and concepts that will be tried out first on the Shuttle, and then eventually made into a 
free flyer or put on platform. An example is the Solar Optical Telescope that is intended to be on 
the Shuttle by 1988. 

A one-meter aperture telescope called Starlab has been studied for the past seven years. 
The Canadians and Australians have now joined the US, and an agreement is being worked out in 
which the Canadians will build the telescope so they can learn the technology and get involved 
in space. This is their major program in astronomy in space. The Australians have offered to build 
the instrumentation. They have been doing research for several years with ground-based tele- 
scopes. They recently obtained a major funding of $2.5 million over the next few years to go into 
the Phase B studies of the instrumentation. This is their major astronomy space program for the 
next decade. The US is being asked to put this on the Shuttle, but we really want to put it on the 
platform. This is one of the instruments we want to see placed on the platform and used in orbit. 

/ 

There are other instruments being studied that will be coming through in the near future. 
The far ultraviolet is becoming the last frontier in astronomy. In the spectrum between 100 
angstroms and 900 angstroms, there is very little information known at this time, and the 
community is getting more and more interested in what can be done. 
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This community can be supported in the future with experiments first tried out on 
Shuttle, and then by satellites that are brought up and put overboard either to go into regular 
orbit, or perhaps geosynchronous orbit. 

INFRARED EXPERIMENTS 

It should be realized that the Shuttle offers an opportunity to do things that have never 
been done before. In the past we had to live in a 10 by 10 space, but now with the Shuttle, we 
have much more room. It  will take a while to realize the freedom. We have worked with space- 
craft having typically a ton of weight, 500 watts of power, for so long, it i s  hard to believe that 
things can get bigger. What can be done with the Shuttle? 

One possibility is the assembly of large collectors in space, We are limited now in micro- 
wave measurements by diffraction effects to no better than 25 or 30-kilometer resolution for all 
weather measurements: With the Shuttle, we will be able to assemble collectors from the Shuttle 
hundreds of meters in size. In the future, we expect to do that. 

Also with the Shuttle, we will be able to make important atmosphere-free measurements. 
We are awaiting the measurements of the solar spectral radiance that are going to be made by the 
European team on Spacelab 1. 

Astronomy done in orbit is free from atmospheric limits, and in this area we will be 
growing by leaps and bounds. 

Another area where the Shuttle will contribute is in justifying flight of active sensors such 
as lasers. People keep asking, Can you prove they work? The lowest power laser that is worth 
flying consumes about 2000 watts. Standard spacecraft today have 500 watts of power. At 
present, we cannot prove that lasers work from spacecraft, but we can certainly prove it from the 
Shuttle. The Shuttle will provide the means for flying bigger satellites, since there is now a way 
for launching them. 

Another exciting thing i s  the ability to retrieve the experiments or the material from space, 
such as will be the case with the Long Durational Experimental Facility (LDEF) that will be in 
orbit a year before it is recovered. This will bring back material from the Shuttle itself, and lead 
to better designs of component reliability. From an experimenters standpoint, it has been 
maddening for 20 years to have the experiments go bad and not be able to get any closer than 
600 miles to fiid out what went wrong with the instrument. The Shuttle enables us to get our 
hands on the experiments that have actually flown, to see what happened in space. 

The Shuttle also offers the opportunity to re-exdte the American people the same way as 
the first Explorer did. We should take advantage of that opportunity and get back the support of 
the American people for these major and important expeditions. 
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PLASMAEXPERIMENTS 

From our previous flight experience, we found the orbiter to be a very good platform for 
conducting active experiments. During the OSS mission, we obtained science results and looked 
at the environment of the orbiter. Although these scientific results were not reported here, the 
fact that these experiments could be conducted is a demonstration of the capabilities of the 
orbiter within the environment. 

We would like to know more about the orbit environment so we can do more with the 
orbiter. The recommendations made here are intended to make it better. 

Over the next few years, a number of payloads have been identified which will be involved 
with the plasma aspects of the orbiter. Next month, STS-5 will fly a camera that is designed to 
take a look at the vehicle glow problem. There are some real problems internally in getting time 
line availability, even though the instrument is onboard. Although there is some time line in one 
night-time pass, substantially more time is needed. I feel that the time line should be expanded, 
or at least looked at and expanded if at all possible. 

In September 1983, Spacelab 1 will carry probably the most complicated payload that will 
fly for many years to come. This flight will include a large number of plasma diagnostics 
instruments as well as active experiments. 

It will include a 7.6 kilovolt, 1.7 ampere electron accelerator provided by the Japanese in 
conjunction with the United States. It also will include a magneto-plasmadynamic (MPO) arc jet 
of several kiloJoules of energy per pulse. There will be low light level television cameras and 
spectrometric measurements extending from the visible through the ultraviolet. 

The Shuttle will also fly ion and electron accelerators for ESA experiments. A number of 
plasma diagnostic instruments will again be flown. 

Spacelab 1 will provide a tremendous wealth of information of the environment around 
the vehicle, and it will give information on the plasma clouds. This flight will also produce 
information about the glow and about the operation of particle beams and high voltages within 
the payload bay area. 

Spacelab 2, scheduled for late 1984, will fly a diagnostic package that will be the same 
one that was on OSS-1. It will be released to fly away from the orbiter, and will obtain measure- 
ments of electric fields far away and also make wake measurements. 

The electron gun from OSS-1 will be on board to make measurements of the electrical 
charge on the vehicle and determine the nature of the dielectric surface interaction with the 
surrounding plasma. This information should be of substantial value in future programs. 

Spacelab 6 is scheduled in the 1986-1987 timeframe. This mission has a full complement 
of diagnostic instrumentation and active experiments. It will refly the low light level Television 
Camera, and a new version of the plasma diagnostics package. 
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The significantly different instruments will be the WISP payload which is an HF/VLF 
transmitter with a long antenna. It is designed over the period of the project to go to very low 
frequency with voltages that approach ten kilovolts on the long antenna. 

In another program, polar orbits will be begun in a few years. These will be launched from 
Vandenberg AFB. The Air Force has a very active program to study the ivteraction of the orbiter 
with the polar environment, specifically the energetic electron and ion beams which will bathe 
the orbiter as it goes through polar regions, through the auroral zone and into the polar cap. 
These effects deserve serious consideration, since they have not been treated in the results ob- 
tained to date. 

In the distant future, solar power array modules are scheduled. These include 25 to 100 
kilowatt solar arrays for low earth orbit. They also involve high voltages, dielectrics, high 
currents, and plasma interaction. The plans to fly such payloads really demand that we un- 
derstand the interactions that we have begun taking a look at on the first four missions, 
specifically on STS-3. 

Future space stations will be very large structures. Such large structures have not flown in 
the past. The physical size of large structures will give rise to higher potentials than have ever 
been experienced previously. We had better understand the electrical interaction of those large 
structures with the near earth environment, lest we have some more surprises such as the vehicle 
glow. 

There is one system that is currently planned to be built called the Tethered Satellite 
System. One version of this is a long insulated wire which may have a length of 10-300 kilo- 
meters. This will certainly be the largest structure put into low earth orbit. It also can answer 
many of the questions about large space station structures. It extends only in one dimension for a 
great distance. For many of the questions that we have in plasma physics, that will be sufficient. 

There is another aspect of the environment that should be treated, that might not seem 
like an environmental problem. That is access to data. Many of the questions that we had could 
have been answered in the near future through data analysis of previous missions. Some of them 
could have been done during preflight, given sufficient access to the information. 

It is felt that the agency, at the present time, is unable to handle data in a timely manner. 
I t  is a recognized problem within the agency, and will require long-term solutions. Some of the 
requests that have been made, such as asking for the operational information, take continual 
contact to correct these problems. The problem also extends to documentation. We have con- 
tinually asked for documentation, and have heard other Spacelab PIS on Spacelab 1, 2, 6 and 
other missions asking for documentation. They need access to it. 

NASA should consider that the user community needs to have information. This includes 
information in the POCC, for example, of attitude and time line data; and of the position of the 
RMS. It is available. It is the format that is the problem, and it is a question of handling the data. 
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With respect to the post-mission data handling, it should be noted that we only recently 
received the attitude data from the mission launched March 22. This was six months late. To date 
we have not received data on the attitude thruster of the control jets. Regardless of the data 
problem, we are very pleased with our flight experience and are very pleased with what happened 
during our mission. 

SHUTTLE LIDAR 

Because there is a NASA committee concerned with the Shuttle lidar, these remarks are 
addressed to that general class of experiments. Shuttle lidars are very much in the future because 
such instruments have not yet been scheduled for Shuttle flights. In this respect, there is reason 
for hope and caution both. 

The day of active optical systems in space will surely come. The Shuttle lidar concept 
refers to the atmospheric probing from orbit using fluorescence methods for the upper atmos- 
phere and differential absorption/scattering methods for the lower atmosphere. These are the 
ideas that have been examined by NASA’s “Atmospheric Lidar Working Group.” 

The ultimate goal of many in the lidar field is global monitoring by means of active 
systems that can do height profiling directly. There also are other applications in the Department 
of Defense. There is another activity in which both N O M  and NASA are very active, namely the 
possibility of global wind measurements using coherent Doppler lidar. The first proposal in this 
area was to use coherent C02 systems in the 10-micron range; recently there has been some 
discussion of using coherent Nd systems operating around one-micron wavelength. With such 
global wind measurements, complete flow pictures of the atmospheric circulation at different 
altitudes could be developed. 

So there is a serious and compelling prospect of using active laser systems to measure 
globally the motion, constituents, and the state variables such as temperature and pressure in the 
atmosphere. 

A fair amount of optical power, and therefore a lot of pulsed electrical power, will be 
required to run a true lidar or laser radar system. There is some concern by those interested in 
lidar measurements that this should not create problems for other Shuttle experimenters with the 
high current pulses running around in the spacecraft. We are quite aware of the ground loop 
problems that can create electromagnetic contamination problems for everybody. 

We are becoming confident about it, however, because lidar systems are now being oper- 
ated run in high-altitude aircraft such as the U-2 and B-57, and medium altitude aircraft like 
NASA’s 990, P-3, and Electra. They are also being flown in heavy balloons into the stratosphere 
to altitudes of 30-40 kilometers. The day of “hands off’ remote operations of these systems is 
virtually at hand. 

Thus, this lidar class of instruments is an oncoming development, for a number of scientific 
and technical reasons. We look forward to the experimentation with these systems on the Shuttle, 
and ultimately to more comprehensive, long-term experiments in the future. 

39 





APPENDIX A 

PAPERS PRESENTED IN 
ENVIRONMENTAL MEASUREMENTS 

SESSION 

A- 1 





APPENDIX A 

TABLE OF CONTENTS 

page 
Introduction ............................................................... A-5 

L.J. Leger, Johnson Space Center and 
E. R. Miller, Marshall $pace Flight Center 

Summary of EMI/EMC and Vibroacoustics ...................................... A-1 3 
R.A. Colonna, Johnson Space Center 

Orbiter Cargo Bay Thermal Environment Data .................................... A-3 1 

KSC Shuttle Ground Turnaround Evaluation ..................................... A-47 

R.G. Brown, Johnson Space Center 

J.M. Ragusa, Kennedy Space Center 

Evaluation of the Ground Contamination Environment for STS Payloads ...... : ....... .A-69 
E.N. Borson, The Aerospace Corporation 

Oxygen Atom Reaction with Shuttle Materials at Orbital Altitudes . . . . . . . . . . . . . . . . . .  .A-1 01 
L. J .  Leger, Johnson Space Center 

Observation of Optical Emissions from STS-3. ................................... A-109 
P.M. Banks, P.R. Williamson, Stanford University and 
W.J. Raitt, Utah State University 

Observation of Optical Emissions on STS-4. ..................................... A-1 1 1 
S. B. Mende, Lockheed Palo Alto Research Lab; 
0. K. Garriott, Johnson Space Center, and 
P. M. Banks, Stanford University 

Induced Environment Contamination Monitor Ascent/Entry , Optical and 
Deposition Measurements ................................................... A-1 23 

E. R. Miller, Marshall Space Flight Center 

Neutral Gas Mass Spectrometer on the IECM ................................... .A-139 
G. R. Carignan, University of Michigan 

Modeling Correlation with Flight Rata ......................................... A-1 47 
H.K.F. Ehlers, Johnson Space Center 

Effects of Shuttle Environment on Instrument Performance. ........................ A-1 57 
A.E. Potter, Johnson Space Center 

1 Preceding page blank 
A- 3 



APPENDIX A 

OSS-l/Contamination Monitor. . . .  
R. Kruger, J.  Triolo, and 

TABLE OF CONTENTS 
(continued) 

.......................................... .A-163 

R. McIntosh, NASA fGoddard Space Flight Center 

Test for Contamination of MgF2Coated Mirrors ................................. A-I 79 
A. Bunner, Perkin-Elmer Corporation; 1.D. Bartoe, NRL; and 
J .  Triolo, Goddard Space Flight Center 

Vehicle Charging and Potential on the STS-3 Mission ............................. .A-187 
P. R. Williamson and P.M. Banks, Stanford University 
and W.J.  Raitt, Utah State University 

STS-31OSS-1 Plasma Diagnostics Package (PDP) Measurements of the Temperature 
Pressure, and Plasma ...................................................... .A-207 

S.D. Shawhan, G. Murphy, University of Iowa 

STS3/0SS-I Plasma Diagnostics Package (PRP) Measurements of Orbiter 
Transmitter and Subsystem Electromagnetic Interference. .......................... A-233 

OSS-1 /STS3 Shuttle Induced Atmosphere Experiment ............................ A-251 

S.D. Shawhan, G. Murphy, University of Iowa 

J.L. Weinberg, F. Giovane, D. W.  Schuemzan, R.C. Hahn, University of Florida 

Solar Ultraviolet Spectral Irradiance Monitor Experiment on OSS-1. ................. .A-267 
M.E. VanHoosier, Naval Research Laboratory 

Results of Thermal Environment Measurements on the Thermal Cannister 
Experiment and Get Away Special Enclosure ................................... .A0275 

S. Ollendorf and D. Butler, NASAlGoddard Space Flight Center 

STS-3 “Snowflake” Study. ................................................. .A-289 
J .  Barengoltz, C. Maag, F. Kuy kendall, Jet Propulsion Laboratory 

Space Shuttle: A View of What We Have Done So Far ............................ .A-295 
T. Wilkerson, University of Marykmd 

A-4 



INTRODUCTORY COMMENTS 

L. J. Leger 
Johnson Space Center 

and 
E. R. Miller 

Marshall  Space F l i g h t  Center 

A-5 





INTRODUCTQRY COMMENTS 
L, LEGER 
E. MILLER 

The f i r s t  two days of t h e  workshop w i l l  c o n s i s t  of d a t a  gathered from the  f i r s t  
t h r e e  f l i g h t s  of t h e  Space Shu t t l e .  I n  order  t o  l i m i t  the  scope of the  
meeting, on ly  summary d a t a  w i l l  be presented i n  two areas; the  v ib roacous t i c  
and thermal environments. 
are being planned f o r  t h e  near  fu tu re .  The emphasis of the  meeting w i l l  be the  
c h a r a c t e r i z a t i o n  of t he  p a r t i c u l a t e ,  gaseous, and electromagnet ic  emissions 
a s soc ia t ed  wi th  t h e  S h u t t l e  f l i g h t .  Data as generated through t h e  use of t h e  
Induced Environment Contamination Monitor (IECM) p re sen t s  the  l a r g e s t  base 
s i n c e  it was c o l l e c t e d  on STS-2, STS-3, and STS-4 f l i g h t s  and the re fo re ,  a 
l a r g e  po r t ion  of t i m e  has been a l l o c a t e d  f o r  these  presenta t ions .  A s  an a i d  i n  
i n t e r p e t i n g  o the r  r e s u l t s ,  a s h o r t  summary of measurements of "vehic le  glow" 
l i g h t  emissions and material e f f e c t s  (mass l o s s )  due t o  the  low e a r t h  
environment i n t e r a c t i o n s  wi th  t h e  S h u t t l e  v e h i c l e  w i l l  be presented.  

An important cons ide ra t ion  i n  planning the  workshop was t o  schedule it  as soon 
as p o s s i b l e  a f t e r  f l i g h t  t o  a l low as much t i m e  as poss ib l e  f o r  f u t u r e  payload 
planning. A s  a r e s u l t ,  t h e  p re sen ta t ions  are i n  viewgraph form. Also,  be 
aware t h a t  a l a r g e  po r t ion  of t h e  da t a  to  be presented is pre l iminary  s i n c e  a 
cons iderable  amount of d a t a  a n a l y s i s  remains t o  be completed. 

More ex tens ive  p re sen ta t ions  of d a t a  i n  these  areas 

1 Preceding page blanK 
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MEETING DEFINITIQN 

a OBIECTIVE-PRESENTATION OF DATA W I C H  RELATE TO D f f  IN IT ION OF ENVIRONMENT ASSO- 

0 EMPHASIS 

CIATED WITH SHUllLE FLIGHT AS DERIVED FROMFOUR SHUTCE FLIGHTS 

* M J O R I T Y  OF DATA PRESENTED WILL ADDRESS THE OPTICAL E N V I R ~ ~ E ~  (IVUXECULAR 

@SUMMARY OF V I  BROACOUSTIC, ELECTROMAGNETIC INTEREFERENCE AND THERMAL 

8 PAYLOAD MEASUREMENTS OF SOME THERMAL AND ELECTROMAGNETIC ~ I R O ~ E ~  

AND PARTICULATE) 

MEASUREMENTS MADE US I NG DEVELOPMENT FLIGHT I N S T R U M E ~ A T I O N ~  

0 BRIEF DESCRIPTION OF AMBIENT OXYGEN EFFECTS PRESENCED AS A I D  IN INTERPRE- 
TATION OF OTHER MEASUREMENTS 

HELD EARLY NEXT YEAR 
* NOTE: SUMMARY OF ALL ENVlRONNlENTAL DATA TO BE ADDRESSfD AT MEEVf NG TO 8E 

In the 1974 timeframe, a set of contamination requirements/goals were developed 
for the Shuttle by two working groups; the Particles and Gases Contamination 
Panel and the Contamination Requirements DeFinition Group. These two charts 
summarize the requirements that were developed. 
discussed i n  detail here but are presented as a reference and to point out that 
considerable planning was conducted t o  ensure that the Shuttle would provide an 
acceptable measurement platform for a large majority of payloads. 

The requirements will not be 
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SUMMARY OF CONTAMINATION ZILCIFICATIONS AND MUJURLMENTS REOWIREMLNT8 

?RELAUNCH THROUGH ASCENT 

I cD1 I I I 
I 1 I 
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c a s  
0 1  

I 

SUMMARY OF CONTAMINATION YLClFlCATlOIl 
A N 0  MEASUREMENT REOWIREMENTL 

ON ORBIT 
I I 1 

I c* 

W L E C U L A I I E T U O N F L U X  
YOLECULAI OECOI111ON ON AN 
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E s s e n t i a l l y ,  a l l  d a t a  i n t e r p r e t a t i o n s  t o  be presented i n  the workshop are 
dependent upon miss ion/vehic le  parameters. This  c h a r t  suinmarizes the major 
parameters f o r  t h e  STS-1 through STS-4 f l i g h t s .  
fo l lows:  -ZLV, -Z-axis of v e h i c l e  pointed t o  t h e  earth (payload bay t o  the  
earth);  Y-POP, y-axis perpendicular  t o  the  o r b i t a l  plane;  -XSI, -x-axis s o l a r  
i n e r t i a l ;  PTC, pass ive  thermal c o n t r o l  a t t i t u d e  (veh ic l e  r o t a t i n g  about %-axis 
a t  4 RPH). 

Acronymn d e f i n i t i o n s  are as 

STS MISSION DESCRIPTION 

STS-1 STS-2 I 

MAJOR -ZLV. Y-POP 
ATTITUDEW PAY LOAD -2LV. Y-POP 

BAYTOEARTH 

DEVELOPM~ZNT 
FLIGHT OSTA-1, 

PAvLoAo's' INSTRUMENTATION IECM + DFI 

I I tDF1) I 

STS-3 

3-22-82 

192 

3p'*360 TO -230 

241 (130) 

TAIL TO SUN -X SI 
NOSE TO SUN 3 AXIS SI  
BAY TO SUN 3 AXIS SI 
PASSIVE THERMAL CONTROL 

PTC 

W 1 ,  IECM AND DFI 

STS-4 

6.27-82 

168 

306 I1661 

TAIL TO SUN 3 AXIS SI 
BOTTOM TO SUN 3 AXIS SI 
TOP TO SUN 3 AXIS SI 

PTC 
GRAVITY GRADIENT 

-ZLV 

W D  82-1. IECM AND DFI 
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This c h a r t  con ta ins  p i c t o r i a l  d e s c r i p t i o n s  of the major a t t i t u d e s  used dur ing  
STS-1 through STS-4. This  c h a r t  a long with the  mission d e s c r i p t i o n  and STS 
f l i g h t  mission t ime l ine  c h a r t s  are to  be used as references  f o r  t he  o the r  
p re sen ta t ions  during the  workshop. 

ORBITER ATTITUDES 

TOP LV, p = 30° 
(-ZLV, t x S ,  . 

SUN 

NOSE SUN, Q = O o  
(+ x SI, Y POP) 

PTC, p = Uo 
(X  ROLL, X INERTIAL) 

c 

SUN 

TOP SI, p = 60' 
(-z SI) 

SUN 

TAIL SUN, 1 REVIORB. 

- X  SOLAR, -2 SPACE 
p =45* 

L 
0. 
c 

SUN 

TAIL SI, p = Oo 
(-x SI, 2 POP) 

Addit ional  d e t a i l  of v e h i c l e  a t t i t u d e  is  presented i n  t h i s  cha r t .  E s s e n t i a l l y ,  
a l l  of t he  a t t i t u d e s  f o r  STS-1 through STS-4 were se l ec t ed  f o r  system 
performance assessment r a t h e r  t h a t  payload pecu l i a r  measurements. As such, 
t hese  a t t i t u d e s  and o t h e r  ope ra t iona l  condi t ions  do not r ep resen t  the  best 
condi t ions  ( l o w  contaminat ion)  poss ib le .  
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STS FLIGHTS MISSION TIMELINE 
SUMMARY 

MET lHRSl 
0 15 30 45 60 75 90 105 120 135 150 165 19 

I I I I I I I I I I I I I 
I 
lSTS. 1 

-2LV YPOP -2LV YPOP I I 
TOP SUN 

I 1 TAIL S U N A  k- 
I 
ISTS. 2 

1 

[--'-pxq PTC I NOSE SUN I TOP SUN 

-2LV NOSE 
I TAIL S U N 2  L TOP SUN 
I 
ISTS.3 

I 

I '  

r 

STS MISSION DESCRIPTION 

STS-1 

ALTITU'E 240.278 (130*160) 
km(N. N I.) 

MAJOR .ZLV. v-POP 
ATTITUOE[S) PAY LOAD 

8AY TO EARTH 

TAIL TO SUN 3 AXIS !3 
BOTTOM TO SUN 3 AXIS SI 
TOP TO SUN 3 AXIS SI 

TAIL TO SUN *X S I  
NOSE TO SUN 3 AXIS SI 
BAY TO SUN 3 AXtS s1 .zLv. Y-PoP 
PASSIVE THERMAL CONTROL ___ Z i V  I 

r ib  
GRAVITY GRADIENT WC I I DO0 82-1. lECM AND DFI I -1, fECM AND DFI I OSTA-1. 

IECM + DFI 
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STS PAYLOAD BAY 

PAYLOAD BAY ENVIRONMENTS 

I 
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STS PAYLOAD BAY 
ACOUSTICS 

STS PAYLOAD BAY ACOUSTIC MEASUREMENTS 

DATE MEASUREMENTS 

STS- 2 
STS-3 
STS- 4 

14 MICROPHONES ON DFI PACKAGE AND OSTA-1 
8 MICROPHONES ON DFI PACKAGE AND OSS -1 
8 MICROPHONES ON DFJ PACKAGE AND PAYLOAD 

b 
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ORBITER PAYLOAD BAY 
INTERNAL ACOUSTIC ~NVIRONMENT 

52 
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SPEC LEVEL 

PRO POSED 
SPEC LEVEL 
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INTERNAL ACOUSTIC ENVIRONMENT 
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STS PAYL AD BAY ENVIRON~ENT 

ACOUSTICS 

@ DERIVATION OF THE NEW PAYLOAD BAY CRITERIA 

0 DATA WERE OBTAINED FROM 4 INTERNAL MICROPHONES ( 4  FL'IGHTS) 

DATA WERE ANALYZED FOR 6 FLIGHT EVENTS 

- M A I N  ENGINE IGNITION 

- SRB IGNITION/LIFTOFF 

- TRANSONIC 

- M A X Q  

- SUPERSONIC 

- ENTRY 

M A X I M I M  NOISE LEVELS OCCUR DURING LIFTOFF AND TRANSONIC EVENTS 

0 ACOUSTIC DATA WERE AVERAGED AND ENVELOPED FOR THE TWO EVENTS 

STS PAYLOAD BAY E ~ V I R O N ~ E N T  

ACOUSTIC (CONTI 

@ EVALUATl ON CONS I DERED THE NOISE LEVELS MEASURED ON THE DIFFERENT 

0 SPECTRUM CONS I DERED TO BE THE MI N tMUM TO CERTIFY TO FOR FLIGHT 

0 CONTINUING ANALYSIS WILL QUANTIFY 300 Hz VENT TONE AND INCLUDE IN 

PALLETS 

CRITERIA 

DATA CONCERNS: 

0 300 Hz TONE 

0 4000 Hz NOISE ON FORWARD BULKHEAD MEASUREMENT 

@ 600 Hz NOISE ON AFT BULKHEAD MEASUREMENT 

@ HIGH FREQUENCY (ABOVE IO00 Hz I COMENT OF MOST MEASUREMENTS 
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STS PAYLOAD BAY ENVIRONMENT 

150 9 
1 4 0 ~  130 

- LIFT OFF - - - TRANSONIC 

-e-*- NOISE FLOOR 

I I I I I I I I I 1 I 
OA 16 31 63  125 250 500 1000 2000 4000 8000 

ONE-THIROOCTAVEBANOCENTERFRE~UENCIES~HERTZ 
MEASUREMENT VOBY9403 ASCENT FLIGHT 

OATACONCERNS 

STS PAY LOAD BAY ENVIRONMENT 

a PAYLOAD INTERNAL ACOUSTICS ABOUT 6 dB LESS THAN 
ORIGINAL CRlTER I A 
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STS PAYLOAD BAY 
VIBRATION 

STS PAYLOAD BAY 
HIGH FREQUENCY VIBRATION 



ORBITER HIGH FREQUENCY ACCELEROMETERS 
9 

V0809342 (DFI ATT. X) 
V0809343  (OF1 ATT. Y) 
VU809344 (OF1 ATT. Z) 

V08D9354 (LONG. 
V0809355  (LONG. Z) 

V08D9345 (DFI ATT. X) 
V08D9346 (DFI ATT. Y) 
V0809347 (DFI ATT. Z) 24 (LONG/FRAM X) 

25 (LONG/FRAM Y) 
2 6  (LONG/FRAM Z) 

V08D9335 (LONG. X)  
V08D9336 (LONG. Y) 
V08D9337 (LUNG. Z)  

V0809349 (LONG. Y) 
V08D9353 (LONG. Z) 

4 

STS PAYLOAD BAY ENVIRONMENT 

0 VIBRATION SOURCES FOR PAYLOADS 

LIFTOFF AND AERODYNAMIC NOISE EXCITATION OF ORBITER STRUCTURE 

ACOUSTIC NOISE TRANSMITTED INTO PAYLOAD BAY 

0 V I  BRATION ENVIRONMENT VARIES THROUGHOUT STRUCTURE 

@ CRITERIA ORIGINALLY DEVELOPED FOR ORBITER PAYLOAD BAY ZONES 

M A  I N LONGERON 

0 KEEL 

0 UNLOADED STRUCTURE 

4 
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STS PAYLOAD BAY ENVIRONMENT 

0 ACCELERATION DATA ASSESSED FOR 

0 M A I N  ENGINE IGNITION 

0 SRB IGNITION/LIFTOFF 

0 AERODYNAMIC FLIGHT 

0 ENTRY/ LAND I NG 

0 ASSESSMENT 

0 AMPLITUDES AND FREQUENCY CONTENT WERE COMPARED TO ANALYTICAL 
PRED lCTl  ONS 

0 PAYLOAD WEIGHT EFFECT APPEARS TO HAVE LITTLE INFLUENCE ON MEASURED 
LEVELS 

0 REVISION TO BE ISSUED TO UPDATE THE ORBITER LONGERON LEVELS BASED 
ON F l I  GHT DATA 

c 

ORBITER AIN LONGERON RANDOM VIBRATION 
CRITERIA DERIVED FROM FLIGHT DATA 
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STS PAYLOAD BAY VIBRATION 

TRUNNION 

l o b  .o 1odo .o 
FREQUENCY, HERTZ 

STS PAYLOAD BAY ENVIRONMENT 

SUMMARY 

e HIGH FREQUENCY RESPONSES OF LONGERON GREATER THAN 
PREDICTED (RANDOM VIBRATION) 

WITH NET EFFECT ON PAYLOAD EXPECTED TO BE UNCHANGED 
.TRANSMI SSlON ACROSS TRUNNION LESS THAN EXPECTED 

c I 
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STS PAYLOAD BAY 
LOW FREQUENCY VIBRATION 

ORBITER LOW FREQUENCY ACCELEROMETERS 

- ID 
1. V33A9215A Ny 22  
2. V33A9216A Nz +6, -2 
3. V34A9430A NL +51-2 
4 .  V34A9431A NZ +5, -2 
5.  V34A9432A Nz +5,-2 
6 .  V34A9433A Ny 22 
7.  V34A9434A Nx +3.4,-2.5 
8. V34A9435A Ny f 2  
9 .  V34A9436A NZ +5,  -1.5 

LINEAR ACCELEROMETERS 
SENSING FREQUENCY 

0-20 HZ 
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STS PAYLOAD BAY 
LOW FREQUENCY VIBRATION 

0 ACCELERATION DATA ASSESSED FOR 

0 LIFTOFF, LANDING - DYNAMIC CONDITIONS 
0 ASCENT, DESCENT - QUASI - STATIC CONDITIONS 

0 INSTRUMENTATION 

0 LOW FREQUENCY ACCELEROMETERS - 0-20 HZ 
"DATE" ACCELEROMETERS 0-50 HZ , 1 1/2-50 HZ , 5-2K HZ 

0 ASSESSMENT 
0 AMPLITUDES, FREQUENCY CONTENT AND DAMPING OF MEASURED 

0 UPDATES TO ANALYTICAL DATA BASE USED IN PAYLOAD LOADS ANALYSES 

ACCELERATIONS ARE COMPARED TO ANALYTICAL PREDICTIONS 

WILL BE DERIVED FROM FLIGHT DATA 

LIFTOFF COMPARISON 

STS-3 PREFLIGHT FLIGHT DATA 
Xo LOCATION 
DESCRIPTION DIRECTION STS-1  STS-2 STS-3 STS-4 DESIGN CASE" 

1294 , BULKHEAD NX 2.10 1.79 1.91 1.82 2.18 

NY 0.4 0.16 0.16 0.14 0.55 

0.25 0.13 0.19 0.08 0.39 

823, LEFT LONGERON NZ 2.8 0.74 0.72 0.84 1.51 

973, LEFT LONGERON NZ 2.9 0.60 0.66 0.70 1.65 

NZ 2.9 0.52 0.58 0.72 2.43 973, RIGHT LONGERON 
NZ 1.25 0.25 0.25 0.35 1.08 

979, KEEL 

1294, BULKHEAD NY / 

1294, BULKHEAD 

* INCLUDES DISPERSION ON SRB THRUST, SSME THRUST, OVERPRESSURE, SRB MODEL, WINDS 
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ASCENT & DESCENT COMPARISONS 

ASCENT S X  S E 2  STS-3 STS-4 P/L REQUIREMENTS 

NX -2.92 -2.99 -2.92 -2.93 -3.17 

NY 0.1 0.2 0.1 0.2 0 .4  

N Z  -0.6 -0.6 -0.6 -0.6 -0.8 

DESCENT 

NX 0.4 0.4 

N Y  0.2  0.2 

NZ 1.6 1.9 

0 . 3  0 . 3  

0.1 0 . 2  

1.6 1 .8  

1.01 

0.85 

2.5 

LANDING TOUCHDOWN CONDITION COMPARISONS 

FLIGHT DATA 
PAYLOAD VERIFICATION 

. CONDITION STS-1  STS-2 STS-3 STS-4 ANALYSIS 

HORIZONTAL VELOCITY 189 196 233 199 
AT MAIN IMPACT 
(KNOTS) 

MAIN GEAR SINK RATE -1 <1  5.7 -1 
(FPS) 

NOSE GEAR SINK RATE 5.7 5.1 8.8 5.4 
(FPS) 

199 

6 .O 

11 .o 
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~~~ ~ 

LANDING LOAD FACTOR COMPARISONS 

FLIGHT DATA 
Xo LOCATION 
DESCRIPTION DIRECTION STS-1 STS-2 STS-3 ST'S-4 REQUIREMENT 

MG 
1294, BULKHEAD NX 0.2 

979, KEEL NY 0.2 
1294, BULKHEAD NY 0.2 

823, LEFT LONGERON NZ 1.3 
973, LEFT LONGERON NZ 1.4 
973, RIGHT LONGERON NZ 1.4 

1294, BULKHEAD NZ 1.4 

MG - MAINGEARIMPACT 
NG - NOSE GEAR IMPACT 

NG 
0.6 

0.1 
0.1 

1.6 
1.4 
1.4 
1.3 

MG NG 
0.2 0.5 

0.1 0.2 
0.1 0.1 

1.1 1.3 
1.1 1.3 
1.1 1.2 
1.2 1.2 

MG NG MG NG MG 
0.3 0.6 0.1 0.3 0.6 

0.9 0.2 0.1 0.1 0.6 
0.5 0.2 0.1 0.1 - 

2.2 2.8 1.3 1.4 2.4 
2.1 2.3 1.3 1.4 2.7 
2.0 2.3 1.3 1.4 2.4 
2.2 2.2 1.3 1.3 2.4 

NG 

0.3 
0.4 

2.5 
2.2 
2.3 
1.8 

AFT 

CORRELATION WITH AFT BULKHEAD Nx, 
FOR STS-2 LIFTOFF 

Nx 

G'S 
BULKHEAD 

-0.7 

-0.8 LEGEND 

-0.9 

-1 .o 
-1.1 

-1.2 

-1.3 

-1.4 

-1.5 

-1.6 

-1.7 

-1.8 

-1.9 

-2.0 

0 FLIGHTDATA 

0 ANALYSIS 

- 
- 

I I 1 1 1 1 1 1 1 

6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 

TIME (SECONDS) 
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SUMMARY 

0 LOW FREQUENCY RESPONSES MEASURED IN ORBITAL FLIGHT TESTS ARE 
GENERALLY WELL BELOW STS REQUIREMENT 

0 STRUCTURAL DAMPING FOR PAYLOAD LOADS ANALYSES M A Y  BE JNCREASED 

STS 
ELECTROMAGNETIC ENVIRONMENT 
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STS ELECTROMAGNETIC COMPATIBILITY 

STS ELECTROMAGNETIC ENVIRONMENT DEFINED IN ICDZ-IWOl 

0 ENVl RONMENT INCLUDES CONTR I BUTlON of STS ELEMENTS AND PAYLOADS 

0 ENVIRONMENT VALID WHEN PAYLOAD CONTRIBUTION IS LIMJTED TO 
LEVELS OF CONDUCTED AND RAD I ATE0 EM I SS IONS ALLWED IN I CDZ-19001 

0 STS CONTRIBUTION TO ENVIRONMENT VERIFIED 

0 GROUND TEST ON OVlOl 

@SPECIAL EM1 TESTING IN S A I L  

0 LRU TESTING 

0 ANALY S I S  

STS ELECTROMAGNETIC PERFORMANCE 

0 FLIGHT RESULTS INDICATE NO INTERFERENCE IN STS FLIGHT CRITICAL SYSTEMS 
FROM ON BOARD OR GROUND BASED SOURCES 

0 MINOR PROBLEMS NOTED TO DATE 

MINOR AUDIO SYSTEM NOISE WHEN CREW NEAR WINDSHIELD - SOURCE I S  
TACAN XMTR'S . (NOTED I N  GROUND TEST ONLY) 

HYDRAULIC PUMP IS RUNNING ON SAME BUS 

ON SAME BUS 

0 AFT PAYLOAD CURRENT SENSORS (BUS B&C) READ LOW WHEN 

NRL EXPERIMENT MALFUNCTIONED EACH TIME HYDRAULIC PUMP STARTED 
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SUMMARY 

ELECTROMAGNET I C  EFFECTS ARE 
ABOUT AS EXPECTED 

STS PAYLOAD BAY ENVIRONMENT 

CONCLUSION 

IN GENERAL THE PAYLOAD BAY ENVIRONMENTS 
ARE LESS SEVERE THAN PREDICTED 
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ORBITER CARGO BAY THERMAL ENVIRONMENT DATA 

R. G. Brown 
Johnson Space Center 
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ORBITER CARGO BAY 

THERMAL ENVIRONMENT DATA 

ROBERT G, BROWN 
SEPTEMBER 1982 

1 ORBITAL FLIGHT TEST THERMAL APPROACH 
I 

0 CONSERVATIVE FLIGHT TEST TIMELINE 

0 FIRST F l i G H T  THERMALLY BENIGN AS POSSIBLE 

0 EACH ADDITIONAL FLIGHT INCREASING IN 
THERMAL DIFFICULTY 

0 MEASUREMENT LOCATIONS DEFINED FOR ORBITER 
PERFORMANCE 

0 ORBITER MODEL PREDICTION COMPARISON FOR 
STS- 1 

0 ORBITER MODEL CORRELATION BASED ON STS-2, 
STS3 AND STS-4 

I Preceding page blank A-33 
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DATE 

BETA ANGLE 

IlAJOR ATTITUDES 
FLOWii 

END OF MISSION 
ATTITUDES 

STS-1 
APRIL 12, 1981 

-26' TO -19' 
SERIES OF SHORT 
HOLD ATTITUDES 
EXCEPT FOR TWO 
9-9.5 HRS OF +ZLV 

2 ORBITS TAIL  TO 

2 ORBITS TOP TO 

SUrl OPENED DOOR 

SUN CLOSED DOOR 

ORBITAL FLIGHT TEST PROGRM 

STS-2 
NOVEMBER 12, 1981 

-45' TO -51' 
BASICALLY +ZLV 

2 ORBITS T A l L  TO 
SUN OPENED DOOR 

2 ORBITS TOP TO SUN 
CLOSED DOOR 

STS-3 
HARCH 22, 1982 

-23' TO -36' 
24 HRS T A I L  SUN 

TOP TO SPACE 
ORB RATE 

11 HRS PTC 
BO HRS XSI  (NOSE TO 

SUN 2 REV 
PER ORBIT 
ABOUT X-AXIS 

3-AXIS SI) 
27 HRS +ZSI (TOP 

12 HRS PTC 

2 .ORBITS T A I L  TO 

2 ORBITS TOP TO 

SUN OPENED DOOR 

SUN CLOSED DOOR 

STS-4 
JUNE 27, 1982 

-1 TO +200 
10 HRS -ZSI (B@TTOtl 

34x1s SI) 
7 HRS GRAVITY 

12 HRS +ZLV (TOP 

84 HRS +ZSI 
3-AXIS SI) 

22 HRS -2S1 (BOTTMl 
)-MIS 21) 

10 HRS PTC 
6 1  HRS +%SI (TAIL 

12 HRS PIC 

2 ORBITS T A l L  TO 

2 ORBITS TOP TO 

3-AXIS SI) 

SUH OPENED DOOR 

SUN CLOSED DOOR 

ORBITER ATTITUDES 

TOP LV, p = 30' 
(tZLV, .xo, 

CASE 49 

NOSE SUN. p = 0. 
(-X SI. Y POP) 

CASE 36 

PTC, p = 0. 
( X  ROLL, X INERTlALl 

CASE 13 

TOP SI, p=60' 
( tZ SI) 

CASE 46 

TAIL SUN, 1 REVIORB 

[ t X  SOLAR, +Z SPACE 
@=4F . 

CASE 33 

TAIL SI, f3 = 0. 
(+X SI, 2 POP) 

CASE 53 I 

I BOTTOM SI, p = 0. 
(4 SI, Y POP) 
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14 

2 

12 

4 

1 

1 

CARGO BAY MEASUREMENTS 

CARGO BAY INSULATION SURFACE TEMPERATURES 

WIRE TRAY SURFACE TEMPERATURES 

SILL LONGERON TEMPERATURES 

GAS TEMPERATURES 

RAD I ATOR TEMPERATURE 

GAS PRESSURE 

* 

CARGO BAY MEASUREMENT LOCATIONS 

0 V34T9317 0 V34T9314 
\ (WIRETRAY) .(WIRE TRAY \ 0 0 Y + 105 

P 
-V30T9330 L V3CT931 I 

0 (m (ItISUL 
-V34T9319 V3019373 SURF) V3419322 (REF) 

(INSUL BACKSIDE) (INSUL SURF) (AIR)- Y O  
Y - 1 0 -  V34T9310 0 V34T9312 0 V34T9316 

(INSUL (INSUL SURF) V3419323 
0- (INSUL BACKSIDE) SURF) 

llNSUL SURF) 

I 
V3JT0320 V32T93 1 8 V34T9313 

Y - 9 5 -  o(INSUL SURF) o(1NSUL SURF) o(INSUL SURF) \O 
I I I I P Y - 105' 

670 
n 

850 
VOQT9702 - 1030 

V3419128 V34T9129 (XO 1030) :iT91:24 
0V09T9501 . V09T97010 I 

~ 0 9 ~ 9 5 0 2  ~ V 0 9 T 9 5 0 1  (REF) 4 
877 V0919377 (REF) 1055 1215 

VO9T9101 Jl- 

]yy5 V09T9330 

I O V 0 9 1 9 3 3 0  a VOST93770 a C3 U 
i- LEFT SIDE MID FUSELAOE 

i I I I I I I I 
XO- 6011 700 800 900 1000 1100 1200 1300 
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313 X01030 V34T9314 X01030 

--- V34T9311 

4 Y  
115 
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PURGE 

A I R  

LINER 

LONGERON 

F l T T l N G  

RADIATOR 

BULK~EAD 

STS-1 
DATA PREOlCTlON 

OF 

I 
80 80 

a0 80 

a0 80 

75 70 

- 
75 75 

80 I 80 

ORBITER PAYLOAD BAY 

PRELAUNCH TEMPERATURES 

STS-2 
DATA PREDICTION 

OF 

70 70 

70 70 

70 70 

70 70 

- 
70 70 

70 70 

STS-3 

OF 
DATA PREDICTION 

70 

70 

70 

70 

70 

70 

70 - 

70 

70 

70 

70 

70 

70 

70 

5t5-4 

OF 
DATA PHEDlCTlOii 

70 

70 70 

Ll l lER 

LONGERON 

F I T T I N G  

RADIATOR 

BULKHEAD 

ST S. 

DATA 
OF 

80/62/84 

75 

-- 

75/65/70 

80/50/70 

ORBITER PAYlOAD BY 
ASCENT TEWERATURES 

L 1  FTOFF/M11/13AX 
I STS-2 

REDlCT ION 
OF 

DATA 
OF 

BO/36/97 70/50/65 I 
70 70 

-- -- 

75/65/75 

80/30/80 

70/57/60 

70/50/7(! 

PREDICTION 
OF 

70/2wao 

70 

-- 

70/60/70 

70/30/80 

1__ 

STS- 

DATA 
OF 

70/50/65 

70 

70 

70/57/60 

70/50/70 

'RED 1 CT I ON 
OF 

70/2r1/80 

70 

70 

70/60/70 

5t5-4 

DATA 
OF 

70/50/65 

70 

70 

70/57/60 

70/50/70 

'REUICTIOII 
O F  

70/24/80 

70 

1.0 

70/60/70 

70/30/80 

t 
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ORBITER PAYLOAD BAY 
ON-ORBIT TEMPERATURES 

MI N/MAX 

STS-1 STS-2 
+ZLVP% -30' + Z L V B  s -60' 

4 

DATA PRED I CT ION 
OF OF 

LINER 5/80 0/75 25/65 

LONGERON I 15/20 1 18/30 I 40/45 
FITTING 

BULKHEAD 

- - - 
-10/+120 -25/+120 0/100 

RT STBD 
PREDICTION DATA PREDICTION 

OF OF OF 

15/75 10/35 5/40 

35/50 15/20 15/30 

- 
-10/115 

ORBITER PAYLOAD B4Y 

M I N/MAX 
ON-OREIT TENPERATURES 

LINER 

LONGERON 

F I T T I N G  

BULKHE4D 

STS-3 

NOSE SUN 
2 ORE ! 

-50 -60 -20 

-120 -55 20/-100 

E 
PRED 

OF 

50/-150 

-5r(/-30 

-35 

30/-130 

TOP SUN 

DATA 
OF 

30/260" 

100 

125 

0/1m 

PRED 
OF 

0/200 

115 

110 

-10/120 

BoTToil 
SUN 

DATA 
OF 

30/-80 

-20 

-10 

w-80 

STS-4 

T A I L  
SUN 

DATA 

OF 

201-100 

-40 

-35 

30/-100 

TOP 
SUI! 
DATA 

OF 

210 

-SO 

110 

0/100 

_I 

+ F W A F T  LONGERON TEMPERATURE 
* MEASUREMENT SUSPECT 
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ORBITER PAYLOAD BAY 
ENTRY AND POSTUNDING TEHPERATURES 

EI/TD/E24Xg 

RADIATOR 1O/32/8OB 10/35/1Ml 15/80/85c 15/85/95 20/80/8Sc 20/85/90 -5/75/8OC 
BULKHEAD 20/50/65 20/42/87 20/60/65 20/42/87 15/60/70 15/65/80 0/65/75 

MAXIMUM TEMPERATURES K C U R  AFTER TOUCHOOWN 
’* PURGE WAS S P F  I N I T I A L L Y ,  THEN INCREASED TO 6S°F AFTER A FEW HOURS 
A A I 2  FlEASUREMENT APPEARS TO BE ENVIRONMENT TEMPERATURE 

c RADIATOR FLOM FROM TD -6 M I N .  TO TD +15 M I N .  
I B RADIATOR FLDH FROM TD TO TD +15 MIN.  

TMM/FLIGHT DATA COIIPARISON 
ORBIT AVERAGE TEMPERATURES 
STS-3 T A I L  SUN (22 HOURS) 

FWD (X, = 584 - 919) 

-11 7 ( -1  55) -1 26( -1 55)  

0 e FLIGHT TEMP (390 TMM TEN 
PORT STBD 

23(11) 33(18) 
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TMMRLIGIIT DATA COMPARISON 
ORBIT AVERAGE TEMPERATURES 
STS-3 T A I L  SUN (22 HOURS) 

AFT OC, = 919 - 1307) 

FLIGHT TEMP (390 TMM TEMP) -1 OO( -1 35 1 -1 00 (-1 40) 
e e 

STEO PORT 

TBW/FL I GHT DATA COMPARISON 
ORBIT AVERAGE TEMPERATURES 
(STS-3 NOSE-SUN (78 HOURS) 

FWD U, = 584 - 919) 

FLIGHT TEMP (390 TMM TD.IP) 
-3O(-50) -45(-55) 

e e 
PORT 

-38 ( -54) -44i-54) . 

-1 9(-45) -46( -48) 
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c '. 

T W F L I G H T  DATA COI.1PARISDW 
ORBIT AVERAGE TEIIPERATURES 

STS-3 NOSE-SUFI (78 HOURS) 
AFT U, 919 - 1307) 

-40( -50) -40( -50) 

8 e 
PORT 

FLIGHT TEMP (390 MM TEMP 

STBD 

-32 (-50) 

FLIGHT DATA 
04BIT MAXIMUM TEMPERATURES 

STS-3 TOP SUN (24 HOURS) 
FHD (X, 584 - 919) 

100 

8 

PORT 

90 

STBD 

18 -1 2 -1 0 
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t 4 

PORT 

FLIGllT D4TA 
ORBIT MAXIMUM TEMPERATURES 
STS-3 TOP SUN (24 HOURS) 

AFT (X, 919 - 1307) 

102 
e 

98 
e 

STBO 

19 31 

TMPVRIGHT DATA COWAIIISON 
STS-2 ASCErJT 

A - STS-2 FLIGIIT DATA (V34T91K 
B - NODE 1268 PREDICTI0I.S 

X, 919 flLI CLOSEOUT (F!W 
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300 

2vv 

T 
E 

E 
A 
T 
U 
E 

F 

; 100 

-100 

-2vv 

CURRENT ?ISSION ST8-3DFI 
LIFT-OFF 3/22/82 16 0 D 
REO DATE: V/28/82 I Y  116 9 

PAYLOAD B A Y  INSULATION SURFACE FWD 

HISSION ELAPSED TlME(H0URS) 
LOW HIGH KASUREflENT RI1E CVRR 

V3YT9312 n w  I 

c 

I sa 

iva 

T 
E 
; 50. 

E 
T 
v 
R 
E 

F 

-SO 

-100. 

CURRENT HISSION STS-3 
LlFTrOFFt 3/2?/02 16 09 0 
REO DATE' 'I/ S/OZ 15 29tI6 

PORT LONGERONS 

HISSION ELAPSED TtKE(H0KIuRS) 
LOW HIGH HEASUREflENT RATE CYRR 

V3YT9121 MED 
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DFI LONGERON RETENTION FITTING 
- LATCH TEMPERATURE - 

ATAIL S U N G  NOSE SUN 4 TOP SUN 

A - SlS-3 FLIGHT OATA 

B I SIIIPLE RETENTlON FITTIKG T M  

150 

100 

50 

0 

-53 
0 

TNVFLI GHT DATA COII?ARISON 

DFI LONGERMl RiTEHTIOfl FITTING 
- LATCH TENPERATURE - 

A - STS-4 fLl!4HT DATA 

B - SIWLE RETENTION FITTIRG TU! 

60 120 , 180 

MISSION TIM HOURS 
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TIWFLIGIIT DATA CONPARISON 

STS-3 EHTRY 
FMD LINER (X,,=E70) 

I 
Purge 

Vent Applied 
Doors 
Open 

A - STS-3 FLIGHT OATA 

B-Jwmr 

TEMPERATURE 

MISSION TIME 0-HR 

PURGE GAS = 65°F 
/-\ e* 0 

V34T9312 (LINER) 

VO9Tl584 

I I 1 
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CONCLUSION 

0 r N  GENERAL THE FLIGHT THERMAL E~IRONMENT IS LESS SEVERE 
THAN PREDICTIONS EXCEPT FOR POSSIBLY TOP SUN. 

0 NO ADVERSE THERMAL EFFECT ON THE ORBITER OR PAYLOAD AS A 
RESULT OF INTERACTION FOR PAYLOADS FLOWN ON THE FIRST FOUR 
FLIGHTS. 
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KSC SHUTTLE GROUND TURNAROUND EVALUATION 

J. M. Ragusa 
Kennedy Space Center 
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KSC SNUlTLE GROUNU TURllRROUNU EVAl.UAlIOII 

KSC PAYLWU ENYIRONRENTS 

UR. JARES ti* RAGUS 
KSC (CP-SPO) 
UCJUBEH 5, 1982 

e lNIROUUCllON 

a I’AYLOAU PHUCfiSSING FLOWS 

8 

e UYFRAllONAL CONSIUERAIIONS 

PAYLOAU FAC I L I  TIES/SYSIERS CAPARILI I IES/SlATUS 

a U I ~ U ~ l E I t  INIERNAL ENVlRUNnENI (PHELAUNCII - PUSTLANUING) 

e CONCLUSIONS 

FOLLOWING T H I S  INTRODUCTION THE TOPICS TO BE DISCUSSED ARE: 

1. THE VARIOUS GENERIC LAUNCH S I T E  PROCESSING SEQUENCES AN0 THE KSC F A C I L I T I E S  INVOLVED I N  EACH. 

2. THE ENVIRONMENTAL CONTROL C A P A B I L I T I E S  OF KSC F A C I L I T I E S  AND SYSTEMS. 

3 .  IMPORTANT OPERATIONAL CONSIDERATIONS. 

4. THE INTERNAL ORBITER ENVIRONMENT DURING PRE-LAUNCH AN0 LANDING OPERATIONS. 
I 

5. AND F I N A L L Y ,  SOME CONCLUSIONS. 1 Preceding page blank 
A-4 9 



a PURPOSE OF PRESENTATION 

0 BACKGRUUNU 

0 PHYSICAL FACTORS TU BE CONSIUEREU 

a MULTIPLICIW OF REQUIREMENTS 
- SOllHCES 
- STAMI)ARUS 

o TO UESCRIBE FUR PAYLUAU/RISSION UEVELOPRENJ, KSC PRUCESSING FLOWS. 
I 'ACIL I I IES/SYSIERS,  AND THE VARIOUS ENVIRUNREHIS TU WHICH A PAYLOAD 
WILL HE EXPUSEU DURING GRUUHU PROCESSING A I  KSC ANU SECUNUARY/ 
CUNIINGENCY LANUING SITES 

- THESE CUNSlUERAl l f lNS H I L L  RE l t IPURTAN1 FUR: 

1. PAYLUAU I lES lGN 
2. GRUUNU PROCESSING REQUIRERENTS UEVELOPRENI 

o I U  RAKE I T  CLEAR THAT KSC C A P A B I L I T I E S  HAVE BEEN UESIGNEU TO HEET 
W E  BBSU; HEEUS OF HOST PAYLOADS, AND HAY NOT S A I I S F Y  THE VERY 
S lR lNGENT NEEUS OF SUHE. 

THE PURPOSE OF THIS PRESENTATION IS TO ADVISE PAYLOAD INVESTIGATORS OF THE VARIOUS EMVIRONMENTS THAT MAY 

BE ENCDUNTEHEO WHILE AT KSC/CCAFS AND OTHER LOCATIONS. THIS INFORMATION SHOULD BE CONSIDERED DURING THE 

PAYLOAD DESIGN PHASE TO ACCOMMODATE OR M I N I M I Z E  SPECIAL NEEDS THAT COULD BE REQUIRED DURING THE GROUND 

PROCESSING OF PAYLOADS. 

I T  SHOULD DE NOTE0 THAT PRESENT AND PLANNEO KSC ENVIRONMENTAL C A P A B I L I T I E S  MAY NOT MEET ALL PAYLOAD 

I lEQUl REMENTS. 
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0 I I I S I O H Y  OF PAYLOAD ENVIHONNENIAL CONlROL A I  KSC 
- VIKING 
- RANGER/SURVEYOR 
- AYOLLO 

0 ALlERHAllVE APPROACHES 
- ENCAPSULATE PAYLOAD 
- ENVIRONMENTAL CONtROL 
- CLEANING ANU'IOR S IEH lL lZA l ION 
- COMBlNAllON 

ENVIRONMENTAL CONTROL HAS BEEN IMPORTANT THROUGHOUT THE SPACE EXPLORATION EFFORTS OF THE U N I T E 0  STATES. THE 

PRIMARY PURPOSE OF ENVIRONMENTAL CONTROL IS TO REDUCE CONTAMINATION THAT COULD LEAD TO 17% FAILURE OF A 

SYSTEM OR ENDANGER TliE MISSION. 

THE EXPLORArION OF OTHER CELESTIAL  BODIES REQUIRED THE PLANETARY QUARANTINE PROGRAM TO PREVENT POTENTIAL 

INFECTION WITH EARTH DISEASES. 

THESE OBJECTIVES WERE ACHIEVED BY A VARIETY OF METIiODS INCLUDING: 

CLEANING AND STERIL IZATION,  OR A COMBINATION OF THESE METHODS. 

ENCAPSULATION, ENVIRONMENTAL CONTROL, 

0 PARllCULATES 
- AlRBORNt 
- FALLOUI 

0 IO IAL  HYI)ROCAHBONS (IHC) 

0 NOH-VOLAIILE HESIOUES (NVR) 

0 HUNIUITY 

0 1EMPEHAIURE 

THE PIIYSICAL FACTORS THAT MAKE UP THE ENVIRONMENT WHICH MUST BE CONTROLLED ARE: PARTICULATES, HYDROCARBONS, 

NUN-VOLATILE RESIDUES, AS WELL AS I W M I D I T Y  AN0 TEMPERATURE. THESE FACTORS CAN DAMAGE OR DEGRADE A 

C A P A B I L I T Y  BY: CORROSION. OBSCURATION OF OPTICAL SURFACES, DEGRADATION OF ELECTRONICS. AND JAMMING 

MtCHANICAL SYSTEMS. 
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0 SllURLt b 
JSC-UIIUO SPACt SHUIILE PROGRM L f V f L  II 
I’RIIFlKAH U€FlNl?lUY ANU REOUIILHENIS 

.- VUL X FLlGHl  ANI1 GRWNU SPECIFlCAllfJNS 
- - -  U U l L l Y f S  IHE FLIGHI MIU GRUUNU SPECIFICAIIMIS I H A I  

I l l L Y l l F Y  IRE SHUIILE PRUCESSIIG ENV1RouIIENI 
- -  VUI X I V  SPACE S H U l l L t  I’AVLOAU ACCMWUAIIWS 

- - -  l U L Y l l F l f S  IHE PAYLUAU 1U ORBIlER ENVlRUNHfNlAL IYIERFACES 
M R I Y b  PRUCESSIYG A I  KSC 

- . ISL-SI I -C-W5A SPECIFICAIIOII CUYIAHINAIIW CMIIRUL 
H L U l l l U t H l Y I S  FUN Ill€ SPACE SHUllLE J’llOGDM 

- - t S I AflL 1 SHlS t UMUN . Il fFI N I  1 I V E  RESPUNSIMILI 1 If S ANU REOUI REHENIS 
fUR CflNIAHlNAllUY CCtHIRUL F U R  INC SPACt SHUllLt PlWGllAH 

K - 5 I S I l - U Y . I A  KSL SIS INltbRAIIUW ANU GRWND IUHNARUUNU CUNlAHlYAllUn 
LUHIRUL YZ AN 

- -  UUlLlNtS IHL RtUUIREHfNlS FOR IHPLfHENIA?IOII OF CONIAHIUAIIMI 
CURIRUL FUR F A L l L l l Y  SYSIEHS MIU GROUND SUPPURl EOUIPHEYI 
IYVULVCU MI Ill I’AYLUAU INIfGHAIlUW ANU ORMIIfR IUR#AROUIIU 

LIAYUARUS 
- VARIWSLV AUllHfSSCU 

- -  lNLf  I A I R  I1  * E  e ,  W l l C U L A l E I l H C  CfJNIENI) 
- -  AHUIENI CUllUl1IONS/PRUCERIIES I 1  .E., IEHPtRAlUHE, 

REiAiivt Huniuiir, IHC) 
- -  SURFACL UEPUSllS (I*€.. VISIBLY CLEAN) 

- HAYIHAY YOI ut iinE w P E n u m i  (I.E.. VISIOLY c i w )  

11AYIHAV NO1 BE lNlfRRELAlfD (I.€., RELAl lVf  HuI(IU111) 

- AYE IWACIEU MY UY-GUIL bl’EHAllO#S 1I.E.. OOMI UPLYINGS, 
INUUSlRlAL A C I l V I l l b )  

SIUW(AWY/IHPACI 
- KEGARIKESS UF HUH S I R I f f i f W I  INLEI OR AlllllEIl AIR REUUlRflEYlS 

HAY UL, I F  A PAYLOAD HEHAINS LXPUSED LONG LYUUGH. SURFACE 
IlEPUSllS WILL UlCUR ANUIOH HUISIUHE NIL1 E€ ABSORlEU 

I N  AI)DITION 10 l l l E  VAIIIOIIS REQUIREMENTS SOURCES THAT AFFECT KSC, ENVIRONMENTAL CONTROL PARAMETERS COME FHOH 

5EVtRAL STANDAHDS. l l l E S E  STANDARDS VARIOUSLY ADDRESS THE CONDITIONS THAT THE PROCESSING F A C I L I T I E S  SHOULD 
MEEI. I N  SOMF CASES 1IlE A I R  FOR A F A C l L l T Y  IS EXPRESSED I N  TERNS OF INLET A I R  PARTICLE CONTENT; IN OTHER 

CASES II  IS OEFlNEIt I N  &MS W SUSPENDED PAHTiCLES I N  THE F A C I L I T Y  A IR  AND I N  S T I L L  OTHERS, I N  E R M S  OF THE 

CJ EANINESS Of‘ W E  E X I ’ O W  SURFACES. 

I I IESC CDNI)ITIDNS MAY 01! MAY NOT BE TIME OEPENUENT. FOR EXAMPLE, A SURFACE THAT STARTS AS V IS IBLY CLEAN MAY 
NO1 REMAIN T l l A l  WAY WITHOUT PERIODIC CLEANING AS THE SUSPENDED PARTICLES FALL OUT. 

OIIlClt PWOPEHTICS MAY A150 RE INTEHRELATED SUCH AS TEMPERATURE AN0 RELATIVE HUM1I)ITY. 
SIICII AS 1)DON OPENIN(iS OR CRANE MOVEMENTS MAY IMPACT THE CONDITIONS INSIDE THE FACILITY.  

FINALLY, OPERATIONS 
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PAYLOAD PROCESSING FLOWS 

b H O H l Z U N l A L  

b S P E C I A L  
- LIFE SCIE#CES 
- (iETAWAY S P E C I A L  (GAS)  

I’AYL0AI)S ARE GFNERALLY CLASSIF IED AS I iORIZONTAL (E.G., SPACELAB) AND VERTICAL (E.G., SATELLITES).  

TlllS REFERS 10 1NE PAVLOAD COMPONENT ORIENTATION OUI(1NG CARGO INTEGRATION. MIXED PAYLOADS MAY HAVE 

BOTII l lORIZON1At ANI) VERTICAL COMPONENTS. PAYLOADS REQUIRINi; SPECIAL PROCESSING AQE THE L I F E  SCIENCES 

EXI’i3lMEtlTS ( L I V I N G  SPECIMENS) AND GETAWAY SPECIAL (GAS) EWERIMENTS. WHICII ARE SELF CONTAINED AND ItAVE 
A #INIF(UP( MUNBEK OF OI tH I lER INTERFACES. OTHER SPECIAL PROCESSING FLOWS ARE, OF COllRSE, POSSIBLE. 
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HORIZONTAL PAYLOAD PROCESSING FLOW 

INCOWNO 
?AYLOAD 
COIRONENTS 

I, CIIECKWT 
lUILDlNO 
m c l  

VEHlCLf 

HORIZONTALLY PROCESSED PAYLOADS USUALLY CONTAIN MANY EXPERIMENTS INTEGRATED TOGETHER TO FORM A PAYLOAD THAT 

USES THE SPACELAO MOOULE/DALLET(S) AS A CARRIER. 

THE EXPERIMENTS ARE SllIPPED TO KENNEDY SPACE CENTER AND TRANSPORTED TO THE OPERATIONS AND CHECKOUT (OIC)  

LIUILDING TO START TtlE INTEGRATION PROCESS. 

SPACELAB RACKS AND ON FLOORS AND PALLET(s) AFTER VERIFICATION OF PAYLOAD ELEMENT COMPATIBILITY, RACKS/ 

FLOORS ARE INSTALLED I N  THE MODULE AND POSITIONED WITH THE PALL fT (s ) ,  A STEP CALLED SPACELAB INTEGRATION. 

TIIIS WILL BE TllE F INAL OIC  BUILDING ACTIVITY UNLESS CARGO INTEGRATION TEST EQUIPMENT (CITE)  TESTING I S  

HEQUIIIED. CITL: SERVES AS AN ORBITER SIMULATOR TO MINIMIZE ANY ELECfRICAL/MECHANICAL PROBLEMS BETWEEN THE 

CARGO AND TllE ORBITER. 

TtlE EXPERIMENTS ARE THEN INSTALLED INTO PREVIOUSLY STAGED 

THE FULL CARGO IS 1RANSPDRTED TO THE ORBITER PROCESSING FACIL ITY  (OPF) I N  THE PAYLOAD CANISTER AND THEN 

INSTALLED INTO A PRECLEANED AND PREPARED. ORBITER PAYLOAD BAY. F INAL INTERFACE VERIFICATION AND PAYLOAD 
SERVICING/CLOSEOUT WILL OCCUR PRIOR TO PAYLOAD BAY DOOR CLOSURE WHICH IS THE F INAL  PLANNED ACCESS TO THE 
PAYLOAD BAY PRIOR TO LAUNCH. I 

THE INTEGRATED ORBITER IS TOWED XO THE VEHICLE ASSEMBLY BURDING (VAB), MATED TO THE EXTERNAL TANK/SOLID 
ROCKET BOOSTERS/MO[IILE LAUNCHER AND THEN MOVED TO THE LAUNCH PAD BY THE CRAWLER TRANSPORTER FOR FINAL 

TESTING AND LAUNCH. 

A-54 



d 

A P I C T O R I A L  VIEW OF T l l t  OPERATIONS ANI) CllECKUUT ( O K )  B U l L O l H G  INTEGRATION AREA IS SIIOUN. 

1NTECRAT:ON TEST EQUII’MENI AREA ( C I T E )  TEST STAND APPEARS I N  THE BACKGROUND. Tht IWO SPACELAO 

IN lEGHAT lON SIANOS ( I t S I  STAND 12 AN0 13) ARL SHOUN I N  THE MIDDLE. ANO I N  T I E  FOHECROUNO ARE THE 

EXPERIMENT INTEGRA1 ION W J T t l  AND NORTH STANDS. 

TtlE CARGO 

JIIE PAYLOAD CANlSTEl l  I S  MOVING AN INTEGRATED CARGO TOUARD THE ORBITER PROCESSING F A C I L I T Y  (OPF). THE 

VC l l lCLE ASSLMULY B U I L D I N G  (VAB)  IS I N  THE BACKGROUND. 
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OSIA- I .  OW F l l t S l  HAsIOH PAYLOAD IS SHOWN NElNG LOUERED INTO THE ORBITER CARGO BAY 1N THE ORBITER 

I’tWXSTIN(; FACILIIY ( O I ’ F ) .  

VERllCAL PAYLOAD PROCESSING FLOIIY 
-*p 

VERTICALLY PROCESSED PAYLOADS, INCLUDING COMNUNICATION SATELLITES HHlCH REpUlRE UPPER STAGES, CAN F O L L W  

SEVERAL DIFFEWENT. YET SIMILAR PATIIS. 

I ’ACIL IT IES (PPFs) AT THE CAPE CANAVERAL A IR  FORCE STATION (CCAFS). 
IIIE F.XPLOSIVE SAFE AREA (EM-BOA) FOR FUELING AND ORDNANCE INSTALLATIDN ( A m  INTEGRATION WITH A PAW-0). 

AFiER T I I I S .  THE SPACECRAFT I S  TAKEN TO THE VERTICAL PROCESSING F A C I L I T Y  (VPF), INTEGRATED UIM A CARRIER, 

I F  NECESSARY. Am) SUBJECTED TO CARGO INTEGRATION TEST EQUIPMENT (C ITE)  OPERATIONS. OTHER UPPER STAGE AND 
SPACFCRAFT COWUNENTS ARE PROCESSEO THROUGll THE SOLID MOTOR ASSEMBLY BVILOING (SflAB) AND DELTA SPIN TEST 

F A C I L I T Y  (USTF), RESPCCTIVELY. 

AMI TRANSPORTEU TO THE PA!). 
1111: OHHITER. F INAL  VTRIFICATION. AND LAUNCH. 

THE SPACECRAFT (S/C) ARRIVES AT ONE OF THE PAYLOAD PROCESSING 
AFTER ASSEMBLV/CHECKWT, I T  IS TAKEN TO 

FOLLOWING THIS CHECKOUT. TIIE INTEGRATED CARGO 1s PLACED INTO THE CANISTER 

THERE I T  IS RAISED TO THE PAYLOAD CHANGEOUT ROOM (PCR) FOR INSTALLATION INTO 
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OE PROCESSED SIMILTANEOUSLY. 

T I E  PAYLOAD CANISTER IS SllOWN TRANSPORTING A VERTICALLY PROCESSED CARGO ON I T S  WAY TO THE LAUNCH PAD. 
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MIXEU PAYLOADS (IiORILONTAL A H I  VERTICAL COflPONENTS) CAN FOLLOW VARIOUS INTEGRATION PATHS. 

O f  THE PAYLOADS UNDERGO F I N A L  CARGO INTEGRATION I N  THE V E R T I W  PROCESSING F A C I L I T Y  (VPF). 

THE 1X)RIZONTAL COMPONENTS (E.G., PALLETS) ARE BUILT  UP I N  T I E  OPERATIONS 6 CllECKOUT ( O X )  BUILDING AND 

rRANSfERRED TO THE VERTICAL PROCESSING F A C I L I T Y  (VPF) FOR INTEGRATION W I T H  THE VERTICAL COflPONENTS. TIIE 

ENTIRE CMWI IS TllEN rAKEN TO THE PM AH) INTEGRATED UITIl T I E  ORBITER FOR LAUNCH. 

T IE  MAJORITY 

I# TIIIS FLOU. 

I CE IS T I E  

, E TAKEN TU 
AND PRE-FLIGHT ISOLATION. AFTER THE FLIGHT 

TEH IS WEAN FOR LAUNCII, TIE FL IG l lT  SPECIMENS ARE TAKEN TO rllE PAU 

A1)I)I IIOttALLY, ACTIV IT IES INVOLVIWG HUflAN SUBJECTS WILL BE CONDUCTED I N  TlIE OM: OIJILDING BASELINE OA lA  

COI.LECTIUN FACIL ITY  (BOCF) OR I N  EXISTING MEDICAL FACIL IT IES.  
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GAS PROCESSING 

J 
GETAWAY SPECIAL (GAS) PAYLOADS HAVE f4lNIHUH INTERFACES WIT11 TIIE ORBITER, TtlllS PERMITTING A S I H P L I F I E O  ILOW. 

IJPON ARRIVAL DIE EI.E#tNIS ARE PACKAGED l N r O  THE GAS CAN(s)  A 1  T I E  IIESICNATED PAYLOAO PROCESSING F A C I L I T Y  

( P P F ) ,  USUALLY IIANliAI~ S .  OR I N  T I E  OPEHATIONS A M )  CllECKOUT ( O K )  RI I IL I I INC.  TllE I N S I A I L A I I O N  OF TllE GAS 

CAN(5)  WILL K C I I R  IN Tllf 1)NRITER PROCESSING F A C I L I T Y  (UPF)  FAE()UENTLY AS I.AIE AS POSSIBLE HECAllSE (IF l l lL  

LIMITED LIFE OF INIERNAL UAITEHIES. . 

A P I C l O H I A L  VIEU IIF Illt F IRST Sl l l l lTLE LAIINCII. 
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S Y S W  C A P ~ S l A l U S  

0 PAYLUAU I U  FAClL l lY /SYSIEMS IWIERFACES 

0 KSC FAClL I l IES/SYSTEHS CAPABIL IT IES 

0 UPEKAllUHS ANU CHECKOUl ( U I C )  U U I L l l l N 6  S l A l U S  

0 O R R l l E I  PROCESSING F A C l L l l Y  (UPf)  S l A l U S  

o UPEl lA l I I l t lAL  C9NSIUEIAIIUNS 

0 KSC M I I I E l l  ENVIRUHMEII 

0 AItWJ!iPIIERIE S l A B l L l l Y  

F A C l L l  I I t S / S Y S l t N Y  

Jlwi.u- - UFF-I.IW): L A 6  
- I I C  HLUG, ASSElUlLY I TESl (All) ARLA - CAN1 S I t R /  lUAlSPURlER 
- U R I I I E K  PIUCESSING F A C l L l l Y  (UPF)" - I'AYLttAII ENVIRUNllE#IAL IIANSPOUlAT Ifw 

SYSl tM ( P E l S )  

- - PAYLOAO PRMESSIMG FM.ILITIES - EXII.OSIVL SAFE MEA-COA (€SA-COAI - YERIICAL PmKESSlMi F A C I L I I Y  - CAY1 SIEI/IWANSPOK 1ER - PAYLOAD C l l A l G E W l  KIMH I U I  PIID) 

- L I F E  SCIENCE SUPWRT F A C I L I I Y  (LSSF) - MASFI.IWE M I A  CULLECIIUH FACIL ITY  (UDCFJ 

* CAPALLILlllES HAlCH TllUSE STAlEDi  UPERAIIONAL L l H l l A l l O N S  MY BE WEOUIRED 
FUK S U M  UPERAIIONS ANU UNDER SOME AMBIENT CUYUll lOWS 

**  C A I ' A H I L l f l ~ S  NIL1 MATCII 1llUSE SlAfEl l  {W CUMPI.EIION UF MOUIFICATIOHS IN WORK 

C I 

Tll lS  L I S I  SUW4ARILES TIE FACILITlES AMJ GSE THAT TYPICAL PAYLOMS UILL INTERFACE W I T H  WRING PROCESSlffi AT 
KSC. IWE GENERAL ENVIWOfMITAL PAUMETEHS FOR n l E  PROCESSIWG FACILITIES M E  LISTED Ow ntr FOLLOYING PAGE. 

TIIE o n s E L i n E  OATA c n i . L E c T i m  FACILITY (BOCF) i s  A PART OF THE HUMI LIFE SCIENCES EXPERIUEENT SUPPORT EFFORT 
AT KSC. At#l IS LUCATEI) IN THE O P E R A T I M  AWD CHECKOUT ( 0 1 C )  BUILDIff i .  
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THE PARAHETERS LISTED AWE THE OUTSIDE L IMITS OF ALL PAYLOW) FACXLlT lES A I 0  SYSTEMS THAT HAVE AN 
ENVIRONMENTAL CONTROL CAPABILITY. THE VEHICLE ASSEWLY B U I b I H i  (VAB) DDES llOT HCLVE EWVIRDNHENTAL 
CONTROL AWD T b T N  HYDROCARBONS (THC), AND NON-VOLATILE RESIDUE REQUIREMENTS ( W R )  ARE NOT IMPOSED ON 

ALL FACILITIES. 

4 IIFF-LINt LAHS Allt: WERAIIWAL 

TO IMPROVE THE RELIABIL ITY OF T I E  OPERATIONS AM) CHECKOUT ( O K )  BUILDIWG ENVIRONMENTAL CONTROL SYSTEM. THE 
FOLLOWING KODIFICATIONS ARE BEING PURSUED. SEALING UNUSED OPENINGS AND PENETRATIONS WILL ALLOW A POSITIVE 

PRESSURE TO RE MAINTAINED I N  THE OPERATIONS AND CHECKOUT ( O K )  ASSEMELY AND TEST ( U T )  AREA. 
REDUCE PARTICULATE CONTAMINATION I N  THE HIGH BAY. AN0 ALLOW BETTER CONTROL OVER INTERNAL RELATIVE H lM lD ITY 
AND TEMPERATURE. 

THIS WILL HELP 

A PENDING MODIFICATION TO THE HVAC SYSTEM WILL IMPROVE THE RELIABIL ITY OF THE SYSTEM, AND ALSO IMPROVE I T S  
OPERATIONAL EFFICIENCY FROM AN ENERGY POINT OF VIEW. 
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I l U L l t n L ~  -51hllls 

0 MIIMIFICAIIUYS I Y  W K  1U IWRMVE ECS CAPA8ILIIY: - 1151ALL CWIINWUS PAYLOAD MY CLASS 5000 AIR WIIX WHEY PAYLUAU 
MY I S  UPEY 

- UlHER PHYSICAL ~IF1CAfIoyS WlCH YILL R W C E  PAIllClKAiES fWtLU&€: 
-- AWlfM t.XIERI(M PAVIW 

-- II*WOVED C L W  b CIIPMILIIY 
-- IWWVED H V L  SYSTEM IUCUIWRAIIffi WEPA FILlERS 

-- IWWVLU SCllfWLlffi OF WERAIIWS 
-- IIIYROVEU PERSIWWEL CWlROL 

- -  AWD SWE stnunins 

- U Y E I A I I ( W M  

0 E S I I M I E U  CUllPLEllUW W E  - PAYLUAU MY Mlbf -- HI-MY 2 FEIlltMRY 1985 -- HI-MY 1 JULY 1981 

TilE ORBITER PIQCESSING FACILITY (OPF) WILL BE WODIFIED TO IMPROVE PAYLOAD CLEANLINESS. 
WILL ENABLE THE ENVIRUmENTAL C(WOITI0NIffi SYSTEM TO MINTAIN A CWTlElUDUS CLEM A I R  PURGE lNT0 THE 
PAYLOM MY. 
CMTMINATIDW ARE LISTED. 
BE USED fo IELP REDUCE ClMTAnlWAnT LEVELS NEAR THE ORBITER PAYLOAD BAY. 

WQDIFICATIOWS 

A001TIQNAL ORBITEK PROCESSillG FACILITY ( O f f )  PtlrSiCAL NODIFICATIOFIS TO REDUCE PARTICULATE 
OPERATIOWK WOOlFlCATIW WOI AS SCHEWLiffi ANJ PERSONNEL COnTROL WILL ALSO 

THIS SKETCH StlowS TIE PLANNED ARRANGEMENT OF THE PURQ A I R  DUCTS I N  THE QPF UORKSTANOS AS THE SYSTEn IS 
BEING DESIGNED. 
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s M 9 l E I l  UEAINEII 

0 i)wI UPENlnGS 

0 ACCESSIN6 IIF PAYLWO 

s INWSIRIAL I Y P E  (IPfWAII1IIS 

s ENER6Y CUYSERVAllMl CoYSlSIEWl  MllH ACHlEVlYG 
ACCEPIABU EYVIHW)(EWIAL CUWROC 

SEVERAL FACTORS INFLUENCE TIE PAYLOW) ENVIRONMENT AT KSC. 
TEMPERATURE AND RELATIVE W I D I T Y .  
REQUIREMENTS. CONDITIONS Am TIMES. 
THE INTERNAL ENVIRONHENT AI0 M Y  NU) ALLOW DUST AMI OTHER PARTICULATES TO ENTER THE AREA. PAYLOAD ACCESS 
PRESENTS COWTAWNATIMf PROBLE13S AS THE ACCESS EqUIPnENrA l lD  PERSONNEL MAY CARRY CONTIUIINANTS INTO CLOSE 

M M U I E N T  COWOITIONS CM HAVE IVI IMPACT ON 

THIS CAN ALSO AFFECT ENVIROmNTAL CONTROL SYSTEM OPERATlNG 
OPENI f f i  DOORS INTO TIE PROCESSlffi AREAS CAN LEMI TO A DEGRADATION OF 

PROXlMlTY OF EXPERIMENTS. 

INDUSTRIAL OPERATIONS. SUCH AS CRANE OPERATIONS. ARE ALSO POTENTIAL CONTAHINATORS OF PAYLOAO PROCESSING 
MEAS. 

c . 
KSC I\nBIEIIT UNlROllEWT 

SOURCE: KSC-FINAL ENVIRCJWNTAL IWACT STATEPENT-1979s BASED ON A 14 YEAR DATA BASE. 

THIS TABLE SHOWS THE AVERAGE UEATHEH AT KSC WRIffi EAUl  MONTH. 
GENERALLY HOT. W I D  AND WET. UHICH CAN IMPACT THE INTERNAL ENVIRONMENT OF M E  PROCESSING FACILITIES. 
TRANSPORTATION GSE AND THE ORBITER PAYLOAO BAY. 

AS I T  SHOUS, T I E  WEATHER AT KU: IS 
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ATMISPHERIC STABILITY 

I I - \  I 
\ I 
t 

'i I I 
I 

I 
r I 

\ SOURCE: KSC-FINAL ENVIROWENTAL IRACT STATEnENT - 1979 

Tl l lS  WAPII INDICATES THAT TIE AnrOSPHERE IS HOST STMLE (IWLYIG LITTLE OR w) UlnO) OUR1116 EARLY mm(1116 

e BE-LAUUCH - CLUSURE UF PAYLOAU MY DOIM IN a w x a  PWCESSIYG 
FWLIIY (ow) wrii LAUNCH 

0 PUST-LAlbln6 - WRQ HUOKUP uwrii PAYLOAO MY om ~ M I S  III 
ORBITER PICESS1116 FACILITY ( O f f )  

e SECOllUARY/CUYlll(liENCY L A M U I S  SITES 

Mil WIWITTIM HRURS. 
PAILOM) R0w)VwLMT EXTERNAL TO FACILITIES IS OVRlffi THESE HOURS. 

Tills WINJLI SUGGEST THAT NIE BEST T l l R  FOR OPERATlOllS REQJIRlUG OPEMlffiS OR 
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0 S#UTTU TRlUlSPORTATlOY SYSTEll (STS) ~ a ~ ~ R l T Y  AFTER L A l D l f f i  
A T  c w r i w w  SITE 

e EXISTENCE OF PAYLOAD MY PURGE 1s o m n o w  upoy WHICH LANDING 

- C M U  SnFErY - ORBITER SAFETY 

S l l E  IS USED - SECUYDARY u U B I N 6  S I T E  S A M  AS PRIMARY SITE - COYTIY6EYCY LAYDING Sl lE HAS Yo PLAYYED PUR@ C A P M I L I I Y  

* PAYLUAD M Y  E Y V I R ~ Y T  COULU VARY FROM l u X l l M l  PLANNED C A P M I L I T Y  
i o  w QAYLOAO MY was 

u(o(Il.0 TIE ORBITER LANI AT MJV S1fE OTHER THM TIE P R l g  OR SECOUIARY LAlblIG SITES (KENUEDY SPACE CENTER 
[KSC] UR WUIOS A I R  FURCE BASE [EAFBJ) WE PRI~~ARY CP~~CERNS OF THE GROUWD TEMS ME GEU ~EALTH rn SAFETY 
~ r n  TIIEW TIE SAFETY OF nE (MBITER. 10 SPECIM pmiow) EO(YIRMI(ENTM SUPPORT IS PLAUNEO AT A COWTINGE~~CY 
LAWDING SITE. THE EXTENr O f  PAYLOAO SUPPORT I S  OEPE1OEWT upoI( THE W I M  SITE US€D Iyo I*Y VllAY FROM 111 
PAYLOMI PURGE (# UlpWwT TO CUU PAYLOW) SUPPORT ANI WEE. 
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TIlEWE ARE TWO TIME PERIODS OF I(0 PAYLOAD BAY PURGE AFTER THE PAYLOAD WORS ARE CLOSED. THE FIRST BEING THE 
TIHE TO TOW THE ORBITER FROM THE ORBITER PROCESSING F A C I L I T Y  TO THE VEHICLE MSEHRLY W I L D I N G  (VA8) TRiNSFtR 
AISLE AIO THE SECOND T I H :  DCCURRIWG AS TIE ORUlTER IS L I F T M  iRa4 THE TRANSFER AISLE FLOOR ruI) MAlED UrTlf 
T I E  E X T E R W  TANK/SOL ID ROCKET WDSTEUS/MOBILE LAUNCll PLATFORH. 

PAYLOAD MVELOPEUS SHOULD W T E  1Mf TIE PAYLOAD BAY WRGE IS CHANGED FROM A I R  TO o(2 DURING PERIOOS OF FUEL 
CELL AN0 EXTERNAL T A M  CRYOGENICS LOMIIIG. PAYLOADS MOUNTED 011 PALLETS/SPECIAL STRUCTURES WOULD BE EXPOSED 
TO A GN2 ENVIROMNEHT FOR THE SPEClFIEO TIME PERIODS. 

l!lEk- 
0 M f E U  SAfIwG A l  IN€ SWflLE LMDlwG PACILIIV, Iy1 AIR PWL IS COMElEO 

U W I L  Ill€ LMBliER IS IN IM URBIIER PHKESSlWC FACILIIY (UYCV 
i w w i n n r E L i  4s RIWIES Riu LAUOIS 10 comma I(IE r m w  MV 

0 NU ECS CAPABILIIY W R 1 1  FEIRY FLlMll I U  KSC 

' 10 5. F ~ ~ M L J  %I MX %LAriW IBlIVr IS WH MXIUW 
IIYUWUCAU~WI A I R  CLASS LOO. GUARAMIEEO SOW 

L 
LAMlliMi SiTES OTHER T I M  THE KEWWEOY SPACE CENTER MAY 8E T I E  DESIGNATED PRIMARY L A H O I f f i  SITE. 
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U N C I  U S l O N S  

o- tXI'ERINEN1 SPONSORS SHOULD C U N S I l l E R  U E S I G N I N G  FOR SUPPLEMENTAL PROTECTIVE 
MEASUllES FOR C R I T I C A L  OR ENVIRONMENTALLY S E N S I T I V E  PAYLOAU ELEMEHTS (TO 
IIACKUP AND/OR AUGMENT FAC I L  1 TY CAPAB I L I T I E S )  

0 M I S S I O I I  U N l O I l E  PAYLOAU LAUNCI I /LANDING S I T E  ENVlRONf lENTAL CONTRllL REOUIREMENTS 
SHOUI-I): 

- Bt DETERMINED EARLY IN PLANNING CYCLE 
- tJOl N E C E S S I T A T E  F A C I L I T Y  M O D I F J C A T I O N S  IF P O S S I B L E  
- BE I U E N T I F i E D  EARLY TO PAYLOAU M I S S I O N  MANAGEflENT FUR 

TRAHSMISSION TO KSC/JSC 
-- KSC - IF F A C I L I T Y  M O U I F I C A T I O N S ,  GROUND OPERATIONS CONSTRAINTS OR 

-- JSC - I F  USE UF PAYLOAD BAY L I N E R  K I T  IS PLANNED OR PAYLOAD BAY 
SCHEDULE IMPACTS ARE INVOLVED 

C L E A N I N G  TO BETTER THAN " V I S I B L Y  CLEAN 1" I S  REQUIRED 

0 ANY INTEGRATION FLOW S E R I A L  IMPACTS OR F A C I L I T Y  M O D I F I C A T I O N S  \ J I L L  BE At1 
OPTIONAL S t R V I C E  

SUMMARY 

0 I T  SHOULU UE REMEMREHEU THAT KSC'S ENVIRONMENTAL C A P A B I L I T I E S  WERE UESIGNED 
T O  MEET HIE I l A S l C  NEEUS OF MOST PAYLOADS AND NOT THE VERY STRINGENT NEEDS OF 
A FEW EXPERIMENTS 

THE MAJORITY OF LAUNCH/LANDING S I T E  ENVIRONMENTAL CONTROL REQUIREMENTS FOR PAYLOAD PROCESSING CAN BE MET BY 

E X I S T I N G  AND/OR PLANNED C A P A B I L I T I E S .  THE GOAL FOR PAYLOAD DEVELOPERS I S  TO INVESTIGATE AND UNDERSTAND OUR 

C A P A B I L I T I E S  AND USE THIS INFORMATION I N  THE EARLY STAGES OF PLANNING/DEVELOPMENT OF THE PAYLOAD ITEM(s ) .  

ADDITIONALLY, ANY SPECIAL OR UNIQUE PROCESSING REQUIREMENTS SHOULD BE I D E N T I F I E D  EARLY TO PERMIT TIMELY 

CONSIDERATION OF T H I S  CAPABIL ITY ,  ASSUHING APPROVAL. 
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EVALUATION OF THE GROUND CONTAMINATION 
ENVIRONMENT FOR STS PAYLOADS 

E. N. Borson 
The Aerospace Corporation 

I Preceding page blank 
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OR1 
OF 

EVALUATION OF THE GROUND CONTAMINATION 
ENVIRONMENT FOR STS PAYLOADS 

E. N. BORSCN, R. V. FWERXfi, L. H a  RACHAL 

THE AEROSPACE CORPORATION 

SHUTTLE ENVIRONMENT WORKSHOP 

5-7 OCTOBER 1982 

WORK PERFORMED FOR 

SPACE DIVISION 
AIR FORCE SYSTEMS COMMAND 

CONTRACT NO, FO4701-81-C-0082 

I DlSSEMINATION OF THIS INFORMATION DOES NOT CONSTITUTE APPROVAL BY THE AIR FORCE OR 
THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, IT IS PRESENTED ONLY FOR THE 
EXCHANGE AND STIMULATION OF IDEAS. 

0 REQUIREMENTS 

0 FAC I Ll TY VERIFICATION PROGRAM 

0 RESULTS OF HEASUREMENTS 

0 CONCLUSIONS 

It is worthwhile to review the cleanliness and contamination control requirements for the Shuttle 
program and to discuss some background material before presenting some results of the measurements. 

The objectives of the facility verification program are then discussed. 

Although all the data have not yet been analyzed, and Shuttle ground operations are still 
evolving, it is possible to reach some conclusions. 
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Development of Cleanliness Requirements 

NASA WORKING GROUPS 
9 PARTICLES AND GASES CONTAMINATION PANEL (PGCP1 

0 ESTABLISHED IN 1974 

0 ADVISORY GROUP TO STS PROJECT OFFICE 

0 CONTAMI NATl  ON REQUIREMENTS DEF I N l T l O N  GROUP (CRDGI 

0 ESTABLISHED I N  1974 

0 DETERMI NE PAY LOAD REQUIREMENTS 

0 GROUND FACILITIES REQUIREMENTS 

0 INPUT DATA 

0 PROPOSED STS PAYLOADS 

0 PAST EXPERIENCE 

0 CLEAN ROOM TECHNOLOGY 

0 PHILOSOPHY 

0 MEET THE REQUIREMENTS OF THE MAJORITY OF PAYLOADS 

0 DO NOT PRECLUDE MEETING MORE STRINGENT REQUIREMENTS 

Two NASA working groups on contamination were established in 1974. The PGCP (Particles and Gases 
Contamination Panel) was, and still is, chaired by Dr. L. Leger of the Johnson Space Center (JSC). 
The PGCP reviewed Shuttle requirements (1, 2, 3) with respect to cleanliness and contamination control 
and provided recommendations to the NASA Shuttle Project office. 

The CRDG (Contamination Requirements Definition Group) was chaired by Dr. R. Naumann of the 
Marshall Space Flight Center (MSFC). 
chaired by Ed Miller of MSFC. 

It is now called the Contamination Working Group (CWG) and i s  
The CRDG reviewed numerous payload requirements and issued a report 

containing recomenda t ions (4 ) .  

The following charts describe the STS requirements and the CRDG recomnendations pertaining to 
ground facilities and operations. 

payloads without precluding the implementation of more stringent requirements when required. 
The NASA philosophy in setting requirements was to meet the requirements o f  the majority of 
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System Requirements 

JSC 07700, VOL. X 

3.6.12.1 SYSTEM CONTAMINATION CONTROL 

CONTAMINATION OF THE SPACE SHUTTLE SYSTEM SHALL BE CONTROLLED 
TO ASSURE SYSTEM SAFETY, PERFORMANCE, AND RELIABILITY. CONTROL 
SHALL BE IMPLEMENTED BY A COORDINATED PROGRAM FROM DESIGN 
CONCEPT THROUGH PROCUREMENT, FABRICATION, ASSEMBLY, TEST, 
STORAGE, DELIVERY, OPERATIONS, AND MA1 NTENANCE OF THE SHUTTLE 
SYSTEM. THIS PROGRAM SHALL COMPLY WITH THE REQUIREMENTS OF 
SN-C-0005, SPEC I Fl CATION CONTAMINATION CONTROL REQU IREMENTS 
FOR THE SPACE SHUTTLE PROGRAM. SELECTION OF SYSTEM DESIGN 
SHALL INCLUDE SELF-CLEANING (filtering) PROTECTION COMPATIBLE WITH 
COMPONENT SENSITIVITY. 

EQUIPMENT DESIGN SPECIFICALLY FOR THE SPACE SHUTTLE PROGRAM 
SHALL COMPLY WITH THE SPECIFIED REQUIREMENTS, SELECTION OF 
OFF-THE-SHELF EQUIPMENT FOR APPLICATION TO THE SPACE SHUTTLE 
PROGRAM SHALL COMPLY WITH THE INTENT OF THESE REQUIREMENTS. 

JSC 07700, Volume X, recognized the need for contamination control, internal and external, 
for the Shuttle system. 

System Requirements 

JSC 07700, VOL. X 

3.6.12.2 OPERATIONAL CONTAMINATION CONTROL 

CONTAMINATION CONTROL DURING THE OPERATIONAL PHASES 
OF THE SPACE SHUl lLE I S  NECESSARY TO INSURE OVERALL 
SATISFACTORY PERFORMANCE OF THE SYSTEM. OF PARTICULAR 
CONCERN I S  THE GASEOUS AND PARTlCULATE ENVIRIONMENT OF 
THE ORBITER DURING ALL OPERATIONAL PHASES. BECAUSE OF 
THE WIDE RANGE OF PAYLOADS I T  I S  THE OBJECTIVE OF THE 
FOLLOWING APPROACH TO PROVIDE REQUIREMENTS TO SATISFY 
THE NEEDS OF THE LARGE MAJORITY OF PAYLOADS. PAYLOADS 
THAT HAVE SPECIAL REQUIREMENTS NOT COVERED HEREIN SHALL 
PROVIDE THE NECCSSARY SYSTEM(sl TO SATISFY SUCH REQUIREMENTS. 
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JSC 07700, VOL. X JSC 07700, VOL. X 

3.6.12.2.1 ELEMENT CROSS CONT 

SPACE SHUTTLE SYSTEM ELEMENT DESIGN AND OPERATION SHALL BE SUCH 
AS TO M I N I M I Z E  CROSS C O N T A M ~ N A T ~ O N  OF THE ELEMENTS TO A LEVEL 
COMPATIBLE WITH M I S S I O N  OBJECTIVES 

3.6.12.2.2 PAYLOAD BAY DES IGN 

PAYLOAD BAY SHALL BE DESIGNED TO M I N I M I Z E  CONTAMINATION OF 
PAYLOAD AND CRITICAL PAYLOAD BAY SURFACES TO A LEVEL COMPATIBLE 
WITH M I S S I O N  OBJECTIVES 

3.6.12.2.3 PAY LOAD DES IGN 

CRITICAL SURFACES SUCH AS ORBITER RADIATORS, WINDOWS, OPTICS, etc,, 
WITHIN  THE PAYLOAD BAY AND PART OF THE ORBITER SYSTEM MUST BE 
PROTECTED IN THE SAME MANNER AS PAYLOADS. 
MUST INSURE THAT THEIR EFFLUENTS AND OPERATIONS DO NOT JEOPARDIZE 
THE PERFORMANCE OF THESE SYSTEMS. 

THAT IS, PAYLOADS 

1 

JSC 07700, Volume X, also recognized the need to control contamination for all elements of the 
Shuttle system. This included the payload bay and ground facilities. 
impose requirements on payloads so as to prevent excessive degradation of critical elements of the 
Orbiter and other payloads. 

It was also necessary to 

Requirements for ground operations are contained in paragraphs 3.6.12.2.4.1, 3.6.12.2.4.2, and 

A review of clean room technology confirmed(6’ 7’ 8,  that the cleanliness of the air entering 

3.6.12.2.4.3 of Volume X.  

a facility could be controlled to class 100 (per FEO-STD-209B)(5) or cleaner by using standard 
HEPA (high efficiency particulate air) filters (sometlmes referred to as 99.97% filters) (9) * 

It was also recognized that surface cleanliness of payloads was the goal of the contamination 
control effort and that this included both particulate and molecular contaminants. 
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System ~equirements 

0 PAYLOAD BAY AND CANISTER SURFACES 

0 V I S I B L Y  CLEAN PER SN-C-0005 

CLEANLINESS FOR A I R  ENTERING PAYLOAD ENCLOSURES AhD PAYLOAD BAY 

0 NOMINAL CLASS 100, GUARANTEED CLASS 5000 PER FED-STD-209B 

0 LESS THAN 15 P P M  OF HYDROCARBONS, METHANE EQUIVALENT 

0 TEMPERATURE: 70 + - 5°F (21 t 3°C) 

. e RELATIVE HUMIDITY: 5m OR LESS 

0 CLEANLINESS FOR GN2 PURGE OF PAYLOAD BAY 

0 SAME AS FOR AIR  EXCEPT FOR LOW R.H. 

0 PAYLOAD BAY PURGE I S  OFF 

0 DURING SWITCHOVER BETWEEN MOBILE AND FACILITY SYSTEMS 

0 DURING STACKING OPERATIONS IN THE VAB 

0 CLOSING OF PAYLOAD BAY DOORS 

0 IGNIT ION OF SHUTTLE M A I N  ENGINES 
h 

3.6.12.2.4.1 
envelope s h a l l  be cleaned t o  a v i s i b l y  c lean l e v e l ,  as def ined i n  SN-C-0005. 
w i t h i n  a p r o t e c t i v e  enclosure i n  order t o  i s o l a t e  sources o f  contamination from c r i t i c a l  regions. 
s h a l l  be cont inuously  purged w i t h  nominal ly  c lass 100, guaranteed c lass  5000 (HEPA f i l t e r e d )  a i r  per  FED-STD-209 
and s h a l l  conta in  l ess  than 15 p a r t s  per m i l l i o n  hydrocarbons, based on methane equiva lent .  The a i r  w i t h i n  the 
enclosure s h a l l  be maintained a t  70 
be accomplished so as t o  avoid contaminating the payload and payload bay by temperature, humidity, and p a r t l c u -  
l a t e s  consis tent  w i t h  requirements spec i f i ed  here in.  More s t r i n g e n t  p a r t i c u l a t e  and r e l a t i v e  humid i ty  requ l re -  
ments may be implemented on p a r t i c u l a r  payloads pending technica l  j u s t i f i c a t i o n  o f  the requirement. 

Payload Loading and Checkout. P r i o r  t o  payload loading the i n t e r n a l  surfaces o f  t he  payload bay 
This c leaning s h a l l  be accomplished 

This enclosure 

5°F and 50% o r  l ess  r e l a t i v e  humidity. The payload loading operat ion s h a l l  

3.6.12.2.4.2 Contamination Control Subsequent t o  Payload Loading. 
o f  v i s i s b l e  p a r t i c u l a t e  and f i l m  contamination on a l l  surfaces w i t h i n  the  payload bay s h a l l  be prevented by 
c o n t r o l l e d  work d i s c i p l i n e ,  c lean l i ness  inspect ions and e f f e c t i v e  c leaning as required. 
perature, and humid i ty  requirements o f  the above paragraph 3.6.12.2.4.1 s h a l l  be maintained. 

Subsequent t o  payload loading,  accumulation 

The a i r  purge, tem- 

3.6.12.2.4.3 Preparat ion f o r  Closeup o f  Payload Bay. 
f o r  veh ic le  mating, i nspec t i on  and cleaning, as requi red,  s h a l l  be conducted t o  v e r i f y  t h a t  a l l  access ib le  
surfaces w i t h i n  the payload bay, i nc lud ing  external  surfaces o f  payloads, meet the v i s i b l y  c lean l e v e l  s t i p u l a t e d  
i n  the above paragraph 3.6.12.2.4.1. When payload changeout i n  the v e r t i c a l  con f i gu ra t i on  i s  required, the purge 
gas c lass,  temperature, and humid i ty  requirements of  the above paragraph 3.6.12.2.4.1 s h a l l  apply. 

P r i o r  t o  f i n a l  c losu re  o f  the payload bay i n  preparat ion 
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FED-STD-209B AIR CLEANLINESS CLASSES 

5.0 10.0 100.0 1000.0 
PARTICLE SIZE (pm) 

FED-STD-LO98 defines cleanliness on the basis of the number of particles per cubic foot of air. 
The "class of air" is defined as the total number of particles per cubic foot o f  air of all sizes of 
0.5 pin and larger. Table I1 from FED-STD-2098 defines a standard particle size distribution. For 
any particle size, the number per cubic foot is for all particles of that size and larger. Air 
cleanliness classes other than those plotted can be defined by parallel lines through the appropriate 
number on the ordinate. 

The term "class" may be used in two ways. One is to describe the actual particulate environment 
as measured by an airborne particle monitor. The other is to designate a particular class of Clean room. 

as those described in T.O. 00-25-203(6) and AFM 88-4, Chapter 5 (7) .  
room" designates the maximum airborne particle counts, and for normal operations the particle counts 
should be an order o f  magnitude or more below the maximum. 
the airborne particle counts will approach the cleanliness of the air leaving the HEPA filter, class 
100 or less. 

The latter usage implies a facility that meets a number of operating and design requirements such 
In this case the "class of clean 

For periods of no activity in a clean room 
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MIL-STD-1246A(l0) defines the product cleanliness levels on the basis of the number of particles 
on the components. A square foot area is generally used as a baseline for comparing surface cleanliness; 
however, MIL-STD-1246A specifies the use of the total number of particles for surface areas of less than 
one square foot. 

The NASA Shuttle cleanliness specification, SN-C-0005A(1), is based on the same particle size 
distribution but does not contain the graph from MIL-STD-1246A that is on the chart on the facing page. 

The number of particles per square foot of surface for all particles of the specified size and larger 
plot as a straight line on the log vs. log 2 scales. The particulate cleanliness level is defined by the 
line crossing the abscissa. 
per sqare foot. 

For example, the Level 500 line crosses the abscissa at one 500pm particle 

Typical external spacecraft surface cleanliness levels are in the range of 500 to 1000 but could 

MIL-STD-1246A and SN-C-0005A also define the N V R  (non-volatile residue) levels on the basis of 

be greater. For critical internal surfaces, such as optics, the levels could be at 100 or less. 

mg/ft 2 . For example, NVR Level A designates a quantity of 1 mg/ft 2 or less and Level B as 2 mg/ft2 
or less. 
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C R D G Reco~~enda~ions Y 

@ CLEANING OF PAYLOAD SURFACES 

0 PARTICLES: V I S  I BLY CLEAN PER SN-C-0005 
-2 

0 N V R : d p g  cm 

@ ASSUMED TO BE LEVEL 300A PER MIL-STD-1246A OR SN-C-0005 

0 ENCLOSURE 

0 ENTERING A I R  

0 PARTICLES: NOMINAL CLASS 100, GUARANTTED CLASS 5,000 
PER FED-STD-2O9B 

0 MOLECULAR DEPOSITION: NO MORE THAN 1 pg.cm-* O N  
AMBIENT TEMPERATURE SURFACE 

0 TEMPERATURE: 70 - + 50°F (21 - + 3°C) 

0 RELATIVE HUMIDITY: 30% TO 50'75 SELECTABLE TO - + 5% 

0 ENV 1 RONMENT AROUND PAY LOAD 

0 CLASS 100,000 OR LESS PER FED-STD-209B 

@ PAYLOAD BAY 

0 USE PAYLOAD BAY LINER 

0 V I S I B L Y  CLEAN PER SN-C-0005 

0 NVR: c 1  pg-cm -2 

The members of the working groups agreed that surface cleanliness i s  the critical aspect, and the 
2 CRDG recommended the use of NVR Level A (1 mg/ft ) which is equivalent to 1 ug/cm2 and 10 mg/m2 for 

both payload and cargo bay surfaces (4) .  
uniformly distributed over the surface, the thickness would be 100 i for 1 pg/cm2. 

If the NVR is assumed to have a density of 1 g/cm3 and is 

Visibly clean per SN-C-0005 was selected for particulate surface cleanliness. This was optimistically 
assumed to be equivalent to a Level 300. Later studies showed that Level 500 or higher would be more 
representative o f  "visibly clean". The ability to see particles depends upon the surface roughness, 
color contrasts, and illumination. 

The CRDG recomnendations agreed with JSC 07700, Volume X ,  on the particulate cleanliness of the 
air entering the facilities (nominal Class 100, guaranteed Class 5,000). However, the CRDG recommended 
the measurement of molecular deposition rather than hydrocarbons based on methane equivalent. 

The environment around the payload was recommended to be Class 100,000 or less. Based on experience, 
it would appear that typical payload environments have been well below Class 100,000 during ground 
operations. 

For the payload bay, there was a consensus that the liner would be required and that visibly clean 
per SN-C-0005 would be satisfactory for particulate contamination. However, NVR Level A was recommended 
because visible inspectlon would not detect molecular deposits to an acceptable sensitivity. 
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Visibly Clean Levels and Inspection Criteria for the 

Orbiter Payload Bay, Payload Canister, and Payloads 
OBSERVATION 

VC LEVEL I LLUM I NATl ON D I STANCE 

1 2 50 FOOT CANDLES 5 TO 10 ft 

2 100 TO 200 FOOT CANDLES 6 TO 18 in. 

3 100 TO 200 FOOT CANDLES 6 TO 18 in. 

uc + 
SPECIAL 

100 TO 200 FOOT CANDLES 6 TO 18 in. 

From NASA SN-C-0005A 

REMARKS 

KSC STANDARD SERVICE 

OPTIONAL SERVICE 

OPTIONAL SERVICE: 
2X TO 7X POWER OPTICAL 
A I D  PERMITTED FOR 
INSPECTION 

OPTIONAL SERU ICE: 
SAME INSPECTION AS 
LEVELS 2 OR 3 PLUS 
SPECIAL METROLOGY 
REQUIREMENTS 

The S h u t t l e  contamination c o n t r o l  s p e c i f i c a t i o n ,  SN-C-0005(11), was rev i sed  i n  March 1982 i n  
The fac ing  c h a r t  shows the v i s i b l y  c lean l e v e l s  now def ined order t o  b e t t e r  de f i ne  v i s i b l y  clean. 

i n  SN-C-0005A f o r  t he  payload bay, payload c a n i s t e r  and payload surfaces. 

An OM1 (Operational Maintenance Ins t ruc t i on ) ( " )  has been w r i t t e n  t o  cover the  c leaning and 
inspec t i on  o f  payload bay surfaces t o  the  VC Level 1 c r i t e r i a .  
VC Level 2 and other  c r i t e r i a .  

Future changes w i l l  incorporate 

Special requirements, such as an NVR l e v e l ,  would be inc luded under VC t Special.  
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PARTICLE 
FALLOUT RATE 

ANALYSIS 

LOGARITHMIC REGRESSION ANALYSIS 
* PREDICT FALLOUT RATE KNOWINO 

PROVIDE CONFIDENCE LIMITS 
AIR CLEANLINESS 

OF PREDICTIONS 

100 , 1000 -, 10,000 -, 100,000 - 1  1,ooo.ooo 

10 I I  I I  I I  I I  
0.1 1 .o 10.0 102 103 

AIR CLEANLINESS (Nc), PARTICLESIfI3 *I) Wl 

The relationship between surface cleanlfness and air cleanlfness for particles is not well 
defined. Hamberg(13) calculated the particulate fallout rate for particles o f  5 pm and larger. 
He assumed a constant concentration of 5 pm and larger sizes in the air in accordance with the 
distribution defined by FED-STD-209B(5). The 5 to 200 pm size range and a specific gravity of 
2.65 were used to calculate the particulate fallout rate. 

The chart on the facing page shows the results of Hamberg's calculations and includes some 
experimental data points. 

The relationship between airborne particle concentrations and fallout will be used to evaluate 
the data gathered during operations in the various KSC facilities. 
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f KSC Facility Conta~ination Verification Test Plan 

VERIFY BASIC'REQUIREMENTS FROM ISC-007700, VOL. X 

0 AIRBORNE PARTICLES 

0 HYDROCARBONS (methane equivalent) 

0 VERIFY FACILITY CAPABILITIES 

0 AIRBORNE PARTICLES 

0 PARTICLE FALLOUT 

0 MOLECULAR DEPOSITION 

0 MICRO-BIOLOGICAL 

FAC I L I T I  ES 

0 VERTICAL PROCESSING FACILITY (VPF) 

0 OPERATIONS AND CHECKOUT BUILDING (O&C) 

0 PAYLOAD CANISTER AND TRANSPORTER 

0 ORBITER PROCESSING FACILITY (OPFI 

0 VEHICLE ASSEMBLY BUILDING (VAB) 

0 ROTATING SERVICE STRUCTURE (RSSIIPAYLOAD 
CHANGEOUT ROOM (PCR) 

The KSC F a c i l i t y  Contamination V e r i f i c a t i o n  Plan(14) was d r a f t e d  by KSC and reviewed by members 
o f  the working groups and p a r t i c i p a n t s  i n  the  measurement a c t i v i t i e s .  

Experience gained du r ing  the  f a c i l i t y  measurement program has r e s u l t e d  i n  some changes from the  
o r i g i n a l l y  publ ished plan, and the re  i s  an e f f o r t  i n  progress t o  r e v i s e  the  t e s t  plan. 

The f a c i l i t y  v e r i f i c a t i o n  program has two general ob ject ives.  One i s  t o  v e r i f y  t h e  bas ic  Level I 1  
requirements on a i r  c leanl iness:  

1. 

2. 

The second o b j e c t i v e  i s  t o  de f i ne  t h e  environment within t h e  f a c i l i t i e s  under var ious r e a l  and 

Nominal c lass  100, guaranteed c lass  5000 f o r  a i rborne p a r t i c l e s .  

Less than 15 ppm o f  hydrocarbons, methane equiva lent .  

simulated operations. The measurements inc luded the  f a l l o u t  and depos i t i on  o f  p a r t i c l e s  and molecular 
species. The sur face contamination as a r e s u l t  o f  f a l l o u t  and deposi t ion i s  t he  major concern o f  
people designing and b u i l d i n g  spacecraf t  and experiments. 

The b i o l o g i c a l  measurements were n o t  performed. 
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FAC ILlTY 

O&C BUILDING 

VPF 

S P l F  

CAN I STER 

OPF 

VA B 

ORBITER BAY 

RS SI PCR 

ELS Shuttle Facilities 

A I R  FILTERS 

8045% NBS 3.9 CHANGES I h r  

HEPA (99.97%) 8 CHANGESIhr  

HEPA + CARBON 15 CHANGESlHR 

HE PA 150 LBMlM IN 

8o-a5% NBS 4 CHANGES/ HR 

NONE NONE 

HEPA + CARBON 
HEPA 

HEPA 15 CHANGESIHR 

112 TO 265 L B M l M l N  (Mobile) 
140 TO 290 L B M l M l N  (PAD) 

R E M 1  I VE 
H U M  I D  ITY 
CONTROL 

50% MAX 

45 : 5% 
30%-50% 

30% -5mo 
50% M A X  

NONE 

5wo M A X  
50% MAX 

50% MAX 

The operating characteristics of the air conditioning systems in various on-line Shuttle facilities 
are summarized in the facing chart. 

The chart on page 28 shows typical airborne particle counts for a class 100,000 clean room. This is 
based on requirements in Air Force T.O. 00-25-203 (61, 

Comparing the information on page 27 with that on page 28, it is possible to evaluate the facilities 
on the basis of clean room performance. However, it is important to consider the differences in operations 
within the Shuttle facilities as compared with typical clean rooms when the environments are analyzed. 

The Assembly and Test Area (A&TA) in the 0 & C (Operations and Checkout) building i s  equivalent to 
a controlled area (Class 300,000) facility. 

The VPF (Vertical Processing Facility) is equivalent to a class 100,000 clean room although the 
number of air changes per hour may be less than required for a clean room. 

The payload canister has HEPA filtered air and can be considered to be equivalent to a class 100,000 
faci 1 i ty . 

The OPF (Orbiter Processing Facility) with only 4 air changes an hour might be considered as not 
meeting the requirements of a controlled area facility. 

The VAB (Vehicle Assembly Building) has no environmental control, but the cargo bay doors are closed 

The cargo bay purge air is HEPA filtered, and the portable purge units include a carbon filter that 

during Orbiter operations within the VAB. 

will remove molecular contaminants , such as hydrocarbons from the exhausts of internal combustion engines. 
The PCR (Payload Changeout Room) on the RSS (Rotating Service Structure) at launch complex 39 

is equivalent to a class 100,000 clean room. 

A-82 



r DECRlPTlON 

CWROLLED 
AREA 
(Class XD.COH 

CONMMIONAL 
CLEAN R O W  
(Class 1W.m)I 

LAMINAR 
CROSS FLOW 
Class I0 .W 

LAMINAR 
O W N  FLtM 
IClars I.mO, 

LAMINAR 
F L W  CLEAN 
WM(K STATION 
(Class 1oM 

Typical Guidel~nes for Clean Room Classes from 
Air Force T.0. 00-25-203 - 

MAXIMUM 
PARTICLE 

COUNT PLR 
wn AIR 
>O.Sprn 
0 5 p l  

M0.m 
IIaJl 

IW. m, 
I 7 0  

ID, m 
I651 

1.m 

1W 

AIR CONDITIONING 

1EMPERATURf 
"F I°CI 

80 MAX 
lZ7l 

72 i 5 
I22 i 3) 

12 I 5  
G'2.t 31 

12 ! 5 
I22 2 3l 

CWROLLED 
BY ROOM 

71 AIR FILTRATION 

ROUGH I50 I O  6021 
MEDIUM I80 I O  8 n l  I 

M TO 50 R W C H  I50 I O  6021 
MEDIUM I80 I O  85% 

HEPA l99.7W 

M TO 50 ROUGH 
MEDIUM 

HfPA 

MTD 50 

CONTROLLED 
BY R O W  

ROUGH 
MEDIUM 

HEPA 

MEDIUM 
HEPA 

DlffEREMlAL I AIR f L W  I MONllORlNC I CLOlHlNG 
I 
I 

I 
I 

I 
I 

ONCE M DETtRMlK LOCALLY 
MONlH I I &!kS PER I POSITIM 

0.05 in 
WATER 

0.05 in 
WATER 

0.05 in 
WATLR 

NOT 
APPLICABLE 

15 TO ZU 
AIR CHANGES 
per hr 

im ftlmin 
A1 HlPA 
FILTfR FACE 

50 RImin 
OMR ENTIRE 
FACILITY 

90 Almin 
AMRAGE 
OVER AIR 
EXIT AREA 
BUI NOT LESS 
THAN 
75 Alrnin 
AT ANY 
P O l M  

I COVLRALLS 
CAPIHOODISNWD 
CLEAN ROOM SHOCS 
OR S H f f  COMRS 

ONCE PfR SMOCKlfROCK 
M M H  CAPIHOODISNOOD 

"BUNNY SUIT" 
AS REQUIRED 

ONCE PLR 
MONTH 

ONCE W R Y  
6 rno 

SMOCKIFROCK 
CAPJHOODISNOOD 
"BUNNY SUIT" 
AS RLQUIRED 

AS RtWIRED 

Typical Conventional Clean Room (Class 1 00,000) 
AIRBORNE PARTICLES (FROM TO.OO-25-203) 
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Product Cleanliness levels from MIL - STD - 1246A 
DAILY PARTICLE FALLOUT ON CITE STAND, 0 & C BUILDING 

OSTA-1 PAYLOAD, 23-26  JUNE 1981 

PARTICLE, rtm 

~ 

P a r t i c l e  f a1  l o u t  was measured by KSC c o n t r a c t o r  and Aerospace Corporat ion personnel during t h e  
i n t e g r a t i o n  a c t i v i t i e s  of t h e  OSTA-1 payload i n  t h e  0 & C bu i ld ing .  The f a c i n g  graph shows t h e  maximum 
and minimum p a r t i c l e  coun t s  taken from d a t a  provided by Vi rg in i a  Whitehead a t  KSC (19). 

The lower curve shows a pe r iod  o f  no a c t i v i t y  on t h e  CITE s t and  where t h e  f a l l o u t  p l a t e s  were 
located. The upper cu rve  inc ludes  a per iod when t h e  l a r g e  doors  were open and t h e  canister was moved 
i n t o  t h e  bu i ld ing .  
below t h e  maximum. 

P a r t i c l e  f a l l o u t  du r ing  t r a n s f e r  of t h e  OSTA-1 p a l l e t  t o  t h e  c a n i s t e r  was s l i g h t l y  
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0 & C Building Assessment 

0 A I RBORNE PARTICLES 

0 LESS THAN CLASS 1 0 0 , ~  EXCEPT WHEN LARGE DOORS ARE OPEN 

0 PARTICLES LARGER THAN 5 pm APPEAR TO BE GENERATED 
W I T H I N  THE FACILITY 

PARTICLE FALLOUT O N  CITE STAND 

0 20 pm AND LARGER PARTICLES RESULT FROM ACTIVITIES ON 
THE CITE STAND 

COVERS CAN BE USED TO PROTECT SENSITIVE COMPONENTS 

0 LOCAL COVERS 

0 LARGE COVER OVER THE PAYLOAD 

0 COVER WITH A HEPA FILTERED A I R  PURGE OVER THE STAND 

0 NVR LEVELS ARE LOW 
2 2 LESS THAN 0.004 mglO. l  m (0.004 Pglcm 1 

The airborne par t ic le  counts a re  generally l e s s  than class 100,000 except when the large doors a re  
opened to  admit the truck carrying the strongback ( for  l i f t i n g  the pa l le t )  and the canister transporter. 
A t  these times the airborne par t ic le  counts exceeded the class 100,000 requirements i n  the 5 pm and larger 
s ize  range. 

The airborne par t ic le  counts a t  other times were well below class 100,000. 

The par t ic le  fa l lou t  data show large numbers of particles greater t h a n  25 pm. This can be attr ibuted 
to  a number of factors.  
locations where they are being generated. The sources of these par t ic les  probably are the personnel on the 
CITE stand and the i r  ac t iv i t i e s .  
f a c i l i t y  will have negligible large par t ic les .  

Large particles have h i g h  s e t t l i ng  velocit ies and will tend t o  fa l lou t  near the 

Except when the doors to  the outside a re  open, the a i r  entering the 

Airborne par t ic le  counters t ha t  use optical l i gh t  sca t te r  techniques may not be effective i n  measuring 
particles larger than 20 pm and were not located close to the fa l lou t  plates on the CITE stand. 

N V R  fa l lou t  levels were low as measured by the KSC wash plates and the Aerospace Gorp. KRS-5 infrared 
plates.  Level A of SN-C-0005A and MIL-STD-1246A is equal t o  or  less  than 1 mg/f t2  (1 pg/crn2 o r  1 mg/O.l m2). 
Measured levels were less  than 0.004 mg/O.l m (N-hexadecane equivalent). 
QCM (qua r t z  crystal microbalance) showed negligible change a t  a sens i t iv i ty  of approximately 7 ng/cm 
(0.007 pg/cm 1. 

2 Real time measurements us ing  a 
2 

2 

Protective covers over small components up t o  a cover over the CITE stand ( w i t h  HEPA f i l t e r ed  a i r )  are 
possible approaches to  protecting sensitive components and payloads. 
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Product Cleanliness Levels from MIL - STD - 1246A 
2 4 -  hr PARTICLE FALLOUT ON VPF WORKSTAND 
IUS PATHFINOER FLOW, 2 3 - 2 4  MARCH 1982 

PARTICLE, Itm 

Particle fallout during the IUS pathfinder operations was measured by KSC contractor and 
Aerospace Corp. personnel. The plots on the facing graph are taken from data plotted by 
V .  Whitehead (19) . 

As observed i n  the 0 & C building, there are numerous large particles. 
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VPF Assessment 
* AIRBORNE PARTICLES 

0 CLASS 10,000 DURING OPERATIONS 

0 TYPICAL OF CLASS 100,000 CLEAN ROOM 

0 COULD BE HIGHER WITH INCREASED ACTIVITY 

0 GREATER THAN CLASS 100,000 IN AIRLOCK WITH DOOR OPEN 

0 PARTICLE FALLOUT ON STAND 

20 pm AND LARGE PARTICLES RESULT OF LOCAL ACTIVITIES 

9 NVR 
2 

0 RANGED FROM<0.003 TO 0.70 mglO. 1 m IN 24 h r  

e H I G H  LEVELS PROBABLY CAUSED BY FACILITY ACTIVITIES 

0 COMMENTS 

* CONTROL OF PROCEDURES CRITICAL TO MAINTAINING CLEANLINESS 

e FACILITY 

a PAYLOADS 

The performance of the VPF i s  comparable t o  t h a t  o f  a c lass  100,000 c lean room. The d i f f e rences  
between the VPF and a t y p i c a l  c lean room inc lude equipment such as cranes and movable platforms, l a r g e  
numbers o f  people f o r  some operations, and the movement o f  vehic les and equipment from outs ide i n t o  the  
f a c i  1 i t y  . 

The h igh  a i rborne p a r t i c l e  counts i n  the  a i r l o c k  when the  door i s  open and equipment i s  moved i n  
should be considered when p lanning operations. 

The p a r t i c l e  f a l l o u t  onto surfaces i s  the r e s u l t  o f  a c t i v i t i e s  i n  the  v i c i n i t y  o f  the surfaces. 
The a i rborne p a r t i c l e  moni tor  w i l l  n o t  necessar i ly  measure the p a r t i c l e s  l a r g e r  than 20 pm e s p e c i a l l y  
away from the l o c a t i o n  o f  the a c t i v i t y .  

The occasional ly  h igh  NVR l e v e l s  probably are the r e s u l t  o f  a c t i v i t i e s  w i t h  f a c i l i t y  equipment 
such as cranes and platforms. 

Although the f a c i l i t y  environment i s  genera l l y  good, i t  i s  essen t ia l  t o  p lan  and c o n t r o l  procedures 
so as t o  avoid contamination dur ing t y p i c a l  “d i r t y ‘ l  operations. This app l i es  t o  b o t h  f a c i l i t y  and payload 
operations. 
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Payload Canister Assessment 
0 AIRBORNE PARTICLES 

0 LESS THAN CLASS 10,000 FOR MAJORITY OF TIME 

PEAK COUNTS EXCEEDED CLASS 10,000 FOR SHORT TIMES 

0 PARTICLE FALLOUT 

0 A N  ANALYSIS SHOWS WALNUT SHELL PARTICLES 

0 WALNUT SHELL BLASTING USED TO REMOVE INTERIOR PAINT 

0 NVR 

0 APPEARS TO BE LOW 

COMMENTS 

0 RESIDUAL WALNUT SHELL PARTICLES TO BE ELIMINATED BY 
FURTHER CLEANING 

0 PAYLOADS COULD BE SOURCE OF PARTICLES 

a CROSS-CONTAMINATION BETWEEN CARGO ELEMENTS 

MAY REQUIRE CLEANING TO REQUIREMENTS OF MOST 
SENS ITJVE PAY LOAD 

The transporter for the canister contains instrumentation t o  continuously monitor the airborne 
particles. 
the numbers of large particles within the count. 

The monitor only counts particles greater than  0.5 pm so i t  i s  not possible t o  determine 

During transport, peak particle counts exceeded 10.246 per f t3 ,  the maximum number for the 
instrument scale being used. Therefore, the actual maximum count i s  not known. 

The peak counts may occur during transport as a result of road bumps. The source could be the 
canister or the cargo within the canister. 

.. 
Analyses of particles picked up on the Aerospace Corp. witness plates proved to be from walnut 

shells. Walnut shell blasting was used t o  remove white paint from the interlor surfaces during refurbish- 
ment o f  the canister. 
residual walnut  shell particles s t i l l  appear t o  be in the nooks and crannies as of the STS-4 operations. 
Further cleaning i s  expected to eliminate these particles. 

The interior surfaces are unpainted aluminum and are easy to clean. However, 

NVR levels appear t o  be low based on analyses o f  the Aerospace Corp. witness plates. 

Since payloads could also be a major source of particles, cleanliness requirements and procedures 
should consider cross contamination between cargo elements. During vertical transport of the canister, 
the payload on the bottom of the stack could experience the most fallout. 
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1 Particulate Fallout in the Orbiter Processing Facility 

AIR CLEANLINESS CLASS 
PER FED. STO. zosn SYMBOL LEGEND FOR WITNESS PLATE DATA 

AVERAGE 

SURFACE CLEANLINESS LEVEL PER MIL-STD-1246A (Logz scale) 

The chart on the facing page is based on the particle fallout rate presented earlier. The vertical 
axis is the exposure time in days. The horizontal axis is the particulate cleanliness level from 
MIL-STD-1246A. The solid lines show the theoretical fallout as developed by Hamberg (13). 

The theoretical fallout rates are calculated assuming an average air cleanliness class for the 

Data from various activities during STS-2 and STS-3 operations are plotted. (18) The IECM data are 

total exposure. 

from Aerospace Corp. plates on the passive sample array. 

It appears that significant fallout occurs during specific operations that may take place in less 
than one full day. These activities in addition to long exposures contribute to payload contamination. 
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OPF Assessment 
0 AIRBORNE PARTICLES 

0 CLASS 200, OOO TO 300, OOO ARE NOT UNUSUAL 

0 DEPENDS UPON ACTIVITIES 

0 CLASS 10,ooO TO GREATER THAN l00,OOO IS OPERATING RANGE 

0 PARTICLE FALLOUT 

GREATER THAN LEVEL 1OOO FOR 24 hr PERIOD 

0 FALLOUT ON PASSIVE SAMPLES FROM IECM APPEARS TO 
CORRELATE WITH EXPOSURE TO THE OPF 

NVR 

0 0.057 mglO.1 m2 PER 24 hr AVERAGE 

0.134 mglO.1 m2 PER 24 hr PEAK 
0 INFRARED ANALYSES OF IECM SAMPLES SHOWS 

NEGLIGIBLE DEPOSITION 

0 COMMENTS 

0 MODIFICATIONS TO OPF NECESSARY TO ISOLATE THE PAYLOAD 

CONTROL OF PROCEDURES CRITICAL TO MAINTAINING CLEANLINESS 

BAY FROM OTHER OPF ACTIVITIES 

0 FACILITY 

1 0 PAYLOADS 

The major d i f f i cu l t i e s  i n  the OPF are the wide range of ac t iv i t i e s  t ha t  must be performed during 
Orbiter maintenance and cargo ins ta l la t ion .  

Based on analyses of data gathered the two h i g h  bay areas tha t  will i so la te  the cargo bay from 
the generally "dirty" operations tha t  are done i n  the OPF. 

Even when these modifications are completed, i t  will be necessary t o  plan ground operations so 
as t o  protect sensit ive components from the "dirty" operations. 
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Particle Fallout ~easurements During Pathfinder Operations 
PTV - D 

7 AS DEFINED IN MIL-STD-1246A 

PARTICLE - pcm I 

The PTV-D consisted of an  IUS (Imertial  Upper Stage) and a mechanical model simulating a 

s pac ec raft. 

Contaminant fallout and airborne particle counts were measured  a t  various t imes  during the 

The flow s ta r ted  in the A i r  Fo rce  Satellite Assembly building with the simulated spacecraft  flow. 
which was transported to the Vertical  Processing Facil i ty (VPF).  

integrated with the IUS i n  the V P F .  

Launch Complex 39A. 

The simulated spacecraft  was 

The cargo was then placed into the canister and transported to 

The canis te r  w a s  mated to the Payload Changeout Room (PCR)  on the Rotating 

Service Structure (RSS). 

in the PCR. 

The cargo w a s  t ransfer red  to the Payload Ground Handling Mechanism (PGHM) 

The flow was r eve r sed  to complete the path finder program. 

The band of particle fallout data on the opposite page represents  exposures of 11 through 

14 days on the simulated spacecraft  during mating to the I U S  and subsequent cargo  operations. 

The purpose of the PTV-D was pr imar i ly  to evaluate the mechanical interfaces: therefore, there 

were no special  contamination control procedures employed. 

what can be expected during payload operations, but i t  may be possible to reduce the fallout levels duping 

future operations. 

However, the fallout data a r e  typical of 
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The vertical  ins ta l la t ion  of the cargo on .STS-4 provided an opportunity to* monitor various phases 
of the ground operations from the OPF t o  the PCR. This was accomplished by changing out Passive Sample 
Array trays on the IECM a t  times through the ground flow. 

The changeout schedule was as follows: 
A03 - Installed a t  MSFC, removed i n  OPF 
A05 - Installed a t  MSFC, removed i n  OPF 
A08 - Installed i n  OPF prior t o  bay door closing 
A07 - Installed i n  PCR, removed prior t o  f l i g h t  (bay door closing) 
A01 - Installed i n  PCR, removed a f t e r  f l i g h t  and return to  OPF 
A02 - Installed i n  PCR prior t o  bay door closing (replaced A07) 

The only samples that were not exposed to  the OPF were on t ray  A07. These samples were exposed only 
to  PCR ( for  18 days). A t  this time the A07 samples were vertical  which would reduce the fa l lou t  as com- 
pared with horizontal samples. 

and the ferry f l i gh t  back to  KSC, and were removed from the IECM while i n  the OPF. 
The f l i g h t  samples (A01 and AO2) stayed on the IECM during the landing a t  Edwards Air Force Base 

There appears t o  be a correlation between the par t ic le  fa l lou t  and exposure to  the OPF. 

Fallout was also measured during ground operations using plates on the front end of the PGHM (Payload 
Ground Handling Mechanism). The resu l t s  a r e  shown on page 43a. The higher levels on these samples as 
compared with tray A07 may resu l t  from the two factors.  Tray A07 was i n  the Cargo Bay and the surfaces 
were ver t ica l .  The plates on the PGHM were horizontal. 
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Product Cleanliness Levels from MIL - STD - 1246A 
TOTAL PARTICLE FAllOUT OURlff G STS - 4 OPERATlOff S 

PARTICLE, pm 

Aerospace Corp. witness plates provided data on the fa l lou t  of par t ic les  during operations 
w i t h  the 82-1 payload. 

Plate 81-20 was exposed fo r  10-2/3 days during operations i n  the Sa te l l i t e  Assembly Building (SAB). 

Plate 81-19 was exposed i n  the payload transporter during operations from the SAB to  the Verticle 
Processing Facil i ty (VPF) .  The exposure time was 3-1/3 days. 

Plate 81-22 was exposed fo r  21-1/4 days on the front of the PGHM (Payload Ground Handling Mechanism) 
during payload operations i n  the PCR. 

The par t ic le  s i t e  distributions and numbers are similar although the locations and exposure times 
a re  quite different.  

Airborne par t ic le  counts do not necessarily correlate w i t h  the fa l lou t .  In the PCR, the airborne 
counts were generally low, and the counters were well away from the witness plates. 

I t  is  reasonable to  assume tha t  ac t iv i t i e s  i n  the vicinity of the witness plates were the sources 
fo r  the particles.  
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PCR Assessment 

0 A I RBORNE PARTICLES 

0 LESS THAN CLASS 10,000 DURING MANY OPERATIONS 

0 LESS THAN CLASS 400 DURING LOW ACTIVITY LEVELS 

0 CLASS 60,000 DURING PURGE FOR HYPERGOL SPILL 

0 PARTICLE FALLOUT 

0 LEVELS DEPEND ON ACTIVITIES 

0 LARGE PARTICLES I Y P I C A L  OF LOCAL ACTIVITIES 

0 NVR 

0 NEGLIGIBLE ON IECM PASSIVE SAMPLES 

0 MAXIMUM: 0.05 m g l O . l  m2 PER 24 hr 
0 MINIMUM: LESS THAN 0.001 mg10.1 rn2 PER 24 hr 

0 COMMENTS 

0 CONTROL OF PROCEDURES CRITICAL TO MAINTAINING CLEANLINESS 

0 FACILITY 

e PAYLOADS 

As was concluded with respect to other facilities, it appears that surface contamination is the 
result of payload and facility activities. 

class 10,000 range and drops to below class 400 when there i s  no or minimal activity. 
The facility appears to be comparable to a class 100,000 clean room in that it operates in the 

Again, control o f  procedures and local protection are important in maintaining payload cleanliness. 
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LOCATION 

FWD, RT RADIATOR 

MID,  RT RADIATOR 

AFT, RT RADIATOR 

AFT, LFT RADIATOR 

FWD, LFT RADIATOR 

FWD BULKHEAD 

RT LONGERON 

AFT BULKHEAD 

HVR ON OV-102 CARGO BAY SURFACES 

STS-1 STS-2 
MS/FT2 M& 

1.14 0,33 

0.80 - 

0,34 0.46 

0,26 0.15 

- 0.61 

0.48 
0,80 

14.9 
5,O 
0 

STS-3 
MG/FT2 
0,15 

- 

1.45 

1.60 
0.05 

The visual cleanliness definitions f rom NASA SN-C-0005A (See Page 21) do not provide 

quantitative cleanliness levels of surfaces and possible t ransfer  of contaminants to payloads during 

launch through deployment operations,  

NVR (non-volatile res idue)  measurements were performed on various cargo bay sur faces  

during operations of STS-1, 2, and 3. 

Surfaces were sampled using cotton wipes that had been soxhlet extracted to remove residual 

molecular contaminants, Each surface (asually 1/4 to 1 square  foot) was wiped with a cloth dampened 

with a mixture of 1 ,  1, 1 trichloroethane (7570) and ethanol which had been distilled so that the solvent 

NVR was l e s s  than one ppm. 

The cloths were extracted, using the same  solvent; the ex t rac t  was fi l tered to remove particles and 

evaporated; and the residue w a s  weighed. 

equivalent to mg/O. l m  

Each  surface w a s  wiped a second time with a f r e sh  wipe in the same  manner. 

2 The NVR levels a r e  reported in mg/f t  which is nearly 
2 2 and pg/cm a 1 mg/ft2 is NVR level A per  SN-C-0005A and MIL-STD-1246A. 

The resu l t s  show NVR levels that a r e  generally acceptable for most  payloads. This is good 

considering that no formal cleaning and inspection procedures were implemented until STS-4. 

The rad ia tors  show the lowest NVR levels, probably because of generally g rea t e r  c a r e  in 

handling. 

The high NVR levels on bay sur faces  during STS-2 operations may be local spots that had not been 

cleaned o r  had recently been contaminated f rom Orbiter activities. 

The NVR measurements  for STS-3 w performed af te r  the re turn  of Columbia to the OPF a t  KSC. 
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Comparison of Ascent Particulate Environments 

0.3 - l p m  

l - 5 p m  

> 5  p m  

STS-2 

 goo^ 

400 

300 

300 “L- 100 t 
oo:oo:w w 00:01:00 00:02:00 
- 0:00:01 0:00.02 

ooo:oo 

TIME, minutes 

The particle data f rom the Cascade Impactor on the IECM a r e  inconclusive. Also, i t  is not 
possible to deduce contamination of payloads in bay f rom this data. 

The Cascade Impactor has three QCM (quartz c rys t a l  microbalance) stages designed to separa te  
the particles into different s ize  ranges. 
g rea t e r  than 5 pm( 15). A single pump draws  air f r o m  the cargo bay through the instrument. 
a r e  reported in  Gg/m of air. 

The three s i z e  ranges a r e  0.3 to 1 um, 1 to 5 vm, and 
The data 

3 

The peak particle concentrations for STS-2 appear  to occur during the high vibration and 
acoustic levels during launch(20). Because the instrument depends upon a flow of air for  operation, by 
approximately two minutes a f te r  Orbi te r  main engine ignition, the air density in the bay is too low for 
par t ic les  and air to be pumped. 
reduction in particle fallout. 

Therefore,  the dropoff i n  particle concentrations may  not indicate a 

A comparison between STS-2(20’ and STS-3(21 ’ data tends to indicate that the cargo  bay and/or 
payload sur faces  were cleaner than those on STS-2. Results f rom STS-4 show concentrations g rea t e r  
than those f rom STS-3 but less than those f rom STS-2. 

At this t ime i t  is not possible to determine the effects of particle fallout on payloads during 
launch because of the difficulty i n  interpreting the cascade impactor resu l t s  and no passive samples  
were on the +X side (forward looking s ide)  of the IECM. Samples on the -2 s ide  of the IECM (looking 
towards the bay doors )  were  vertical  during launch so that the air flow and particle trajectories were  
parallel  to the surfaces.  
sur faces  that would be normal to the flow. 

Consequently, deposition onto the sur faces  could be smal l  relative to horizontal 
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NICOLE1 R I X - I  STS-4 A 0 1  ATR I R  PLATE 
I A 

NICOLE1 R I X - I  STS-4 A 0 1  ATR I R  PLATE 

3 i .  91 
m n  30m 2000 1500 io00 500 0 

YJAVENURIBERS 

NS = I28 
sc = 0 

OF = 1.00 
G A N  8 

PF = 41n0 

NS = 126 
sc = 1 
PF l4lOO 
OF = 1.00 
G A N  F, 

2960 57.Fll 
2930 58.935 
2871 72.241 
2862 12 624 
1728 37 812 
1462 76.562 
1273 41 312 
1124 57 188 
1072 63.125 
743 76.875 

NICOLET ,".\X-1 OCTOIL O N  ATR I R  PLATE EQUIVALENT TO 1 fllg sq 11 

KRS-5 internal reflectance elements (IRE'S) (also called ATR [attenuated total reflectance] 

plates) were included on the Passive Sample Ar ray  of the IECM. 

evaluate the deposition of contaminants during ground and flight operations. 

This provided opportunities to 

The top IR spectra  on the opposite page was exposed to the Orbiter bay environment during 

launch and on orbit  as well a s  the out-of-bay survey of the RCS thruster plumes and Orbi ter  outgassing. 

I t  was also exposed in the Orbiter bay during entry, landing a t  Edwards A i r  Fo rce  Base, the r e tu rn  to 

KSC, and to the OPF. 
2 The lower IR spectra is f rom a laboratory sample coated with 1 mg/f t  of Octoil diffusion dump 

fluid. 
carbonyl band a t  1728 cm-'. 

The objective w a s  to calibrate the hydrocarbon absorption loads a t  2800 to 3000 c m - l  and the 

A comparison of the two spectra showed significant quantities of si l ica-sil icate type mater ia ls  

that could be f rom dust in the OPF. 

The other absorption peaks in the above spectra  could be from nitrates as a resul t  of RCS 
thruster plumes o r  ea r th  based a i r  pollution. 
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SUMNARYICONCLUS I ONWRECOMMENDAT IONS 

0 8 C, VPF, CANISTER, AFJD PCR WILL GEMERALLY PROVIDE 
ACCEPTABLE ENVIRONMENTS 

OPF WAY BE ACCEPTABLE WHEN MODIFICATIONS ARE CO1-IPLETED 

FACILITY AND PAYLOAD ACTIVITIES ARE MAJOR SOURCES 
OF CONTAMINANTS 

b PARTICLES AND NVR 
e PLANNIFIG AND CONTROL OF PROCEDURES IS ESSENTIAL 

e COVER SENSITIVE COMPONENTS DURING 
"DIRTY" OPERAT IONS 

0 USE LOCAL CLEAN AIR OR GAS PURGES 

DEFINE PAYLOAD CLEANLINESS REQUIREMENTS 
8 
0 ANY SPECIAL SENSITIVITIES 

NVR AND PARTICLES ON SURFACES 

MONITORING CONTAMINATION MAY BE NECESSARY TO VERIFY CLEANLINESS 
AIRBORNE PARTICLE COUNTS DO NOT NECESSARILY 
INDICATE SURFACE CLEANLINESS LEVELS 

e 

The OPF appears to be the only facility that has significant problems in meeting payload requirements. 
The modifications to the OPF should resolve these problems. 

Although the 0 & C building is not a class 100,000 clean room, based on typical design criteria, it 
does appear to be acceptable. 

It is evident, however, that even in the best clean room facilities that significant contamination 
results from personnel and operations within the facility. 

Although particles are the major problem, there is always a possibility of molecular contaminants 
(NVR) as well. 

Therefore, it Js essential to plan facility and payload operations so as to protect payloads, 
especially during "dirty8' activities. 

The use o f  protective covers, HEPA filtered air purges or enclosures, and gaseous nitrogen purges 
may be used as appropriate to protect full spacecraft or- sensitive components. 

for payloads and to indicate any special sensitivities that could affect the planning. 
In order to plan ground operations it i s  necessary to define the surface cleanliness requirements 

Payloads should consider the cleanlinesslcontamination monitoring that is necessary to verify 
performance. 
1 eve1 s . It is evident that airborne particle counts are not sufficient to verify surface cleanliness 
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OUTLINE 

EFFECTS OBSERVE0 FROM STS-1 THROUGH STS-4 

BRIEF  DESCRIPTION OF MECHANISM 

DESCRIPTION OF STS-5 EXPERIMENT 

CONSIDERATIONS FOR T H I S  MEETING 
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e S IGNIF ICANT EFFECTS OF ENVIRONMENT ON PAYLOAD BAY MATERIALS 
OBSERVED ON ALL FLIGHTS 

e STS-1 

o FORWARD BULKHEAO KAPTON CAMERA BLANKET WAS MILKY 

e YELLOW PAINT AGED RAPIDLY 

YELLOW AFTER FL IGHT 

e STS-2 

e CAMERA BLANKETS - LOSS OF 4.8% ON KAPTON OUTER SURFACE; 
ALL CAMERAS AFFECTED 

0 PAINT S IMILAR TO STS-1 

e STS-3 

e CAMERA BLANKETS - MASS LOSS OF 35% (0,l M I L )  ON SURFACES 
OF ESSENTIALLY ALL CAMERAS 

e TORLON THERMAL BLANKET BUTTON HAD WHITE DEPOSIT ON SURFACES 

PAINT S IMILAR TO STS-1 EXCEPT WHITE PAINT ON S I L L  LONGERON 
ALSO AGING RAPIDLY 

a STS-3 (CONTINUED) 

o OSS-1 KAPTON HA0 LOSS OF 22% (0.22 M I L )  

e POP SPHERES HA0 COMPLETE LOSS OF AQUAOAG ON UPPER SURFACES 

e OSS-1 PAINT SURFACES ALSO AFFECTED 

O STS-4 

e KAPTON AFFECTS MINOR ON BOTH CAMERA AN0 PAYLOAD SURFACES 

COATED KAPTON HAD RESISTANCE CHANGES 

e WITNESS SAMPLES OF FOUR MATERIALS FLOWN ON IECM HA0 LOSS 
RANGING FROM ,003 M I L  FOR TEFLON TO .07 M I L  F O R  KAPTON 
AND MYLAR 

o WITNESS SAMPLES OF CARBON COATING 200021 COMPLETELY REMOVED 
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PROPOSE0 MECHANISM 

0 POLYMER F I L M S  SUCH AS KAPTON, P A I N T  BINDERS, THERMAL BLANKET 
BUTTONS (TORLON) ALE BEING OXIOIZEO BY NEUTRAL OXYGEN ATOMS 
PRESENT AT ORBITAL ALTITUDES (LEO) 

0 SOLAR EXPOSURE ACCELERATED OXIOATION REACTION AN0 LEADS TO 
SHADOWING EFFECTS 

0 OXIDATION PROCESS FOR MOST ORGANICS PRODUCES H2, CH 9 AN0 CO 
WHICH RESULTS IN MASS LOSS FOR KAPTON ANO LOSS OF B~NOER FOR 
PAINTS 

e OXIDATION PROCEEDS WHEN SURFACES ARE EXPOSED TO OXYGEN FLUX 
(VEHICLE VELOCITY VECTOR) AN0 SOLAR EXPOSURE 

a OXIDATION GREATEST FOR TOP SUN RAM EXPOSURE 

B A S I S  FOR MECHANISM 

(I OXYGEN ATOMS PREDOMINANT SPECIES AT LEO ALTITUDES 
1 X 1 0 9 / ~ M 3 ;  Ne AT ABOUT SAME CONCENTRATIONS; OTHER 
SPECIES FACTOR OF 100-1000 LOWER 

0 COMPARISON OF SEM PHOTOS FOR LAB SIMULATED SURFACE 
AN0 EXPOSED SURFACE 

0 COMPARISON OF MASS LOSS RATES MEASURE0 I N  LOW 
TEMPERATURE ASHER (RADIO FREQUENCY EXCITATION OF 
O2 GAS TO PRODUCE OXYGEN ATOMS) 

c 
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MATERIAL TRAY CONFIGURATION 

SUM SHIELD 
I1 OF 3 ILLUSTRATED) 

HEATING ELEMENT BONDED 
TO UNDERSIDE OF CURVED 
MATERIAL EXPOSURE 

SCREWS WITH 
THERMAL 
INSULATORS 

FILM SAMPLE 
I1 OF 21 

tie 15.125 x 36' 
SUPPORT PLATE 

DISC SAMPLES AND 
PLATE 11 OF 3) 

ATERIAL STRIPS TENSIONED 
WITH HOLD DOWN SPRINGS 

ADAPTER PLATE 
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STS-5 SAMPLE DESCRIPTION 

0 TEMPERATURE CONTROLLED TRAYS 

0 KAPTON 
0 MYLAR 

0 KEVLAR 
0 EPOXS 
e POLYSULFONE 
0 TEOLAR 
0 PAINTS 

0 TEFLON - FEP/TFE 

0 A276  

0 A302  
0 A306  
0 401-C10  

S13-GLO 

0 TEMPERATURE UNCONTROLLED AREAS 

0 GERMANIUM 
0 ZOT 

0 SILVER F O I L  
0 RTV 

0 GRAPHITE/EPOXY 
0 GRAPHITE/POLYIMIDE 
e ALUMINUM 
0 SILVER 
0 OVERCOATS 

0 S IL ICONE O I L  
0 TETRAETHYLORTHOSIL ICATE 
0 I T 0  

0 GOLD 
0 ALUMINUM 

0 MS74 
0 P 1 7 0 0  

0 IT0 
0 S13-GLO 

CONSIDERATIONS FOR T H I S  MEETING 

0 INCREASED OUTGASSING RATES RESULTING I N  POSSIBLE 
LOCALIZE0 EFFECTS ON EXPERIMENTS 

e CHANGES I N  
SURFACES ( 

OPTICAL PROPERTIES 
a/c I N I T I A L  = 0.4 

OF 
we 

THERMAL COVTROL 
EXPOSE0 = .7 - 

0 PHOTO EMISSION FROM REACTION PRODUCTS 

c 
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OBSERVATIONS OF OPTICAL, EMISSIONS FROM STS-3 

P.  M. Banks, P.R. Williamson 
Stanford University 

W. J. Raitt 
Utah State University 

(This paper is not available for this publication but 
will appear in the February issue of Geophysical 
Research Letters.) 
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OBSERVATIONS OF OPTICAL, EMISSIONS ON STS-4 

S. B .  Mende, Lockheed 
0. K. Garriott,  Johnson Space Center 
P. M. Banks, Stanford University 
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OBSEWATIONS OF OeTICAL EMISSIONS ON STS-4 

S.B. Mende, O.K. Garriott, P.M. Banks 

August 12, 1983 

INTRODUCTION 

Nighttime photographs taken by the crew of STS-3 revealed that there is an observ- 

able luminosity or glow of unknown origin enveloping certain parts of the Orbiter. In 

photographs and payload bay TV images from STS-3 this luminosity is particularly evident 

on the tail section and on the aft engine pods in directions corresponding to the windward 

side of the vehicle. The study of the STS-3 photographic data is currently continuing 

(Banks, et al, 1982). In addition to this recent work, in the past there were observational 

results from Atmospheric Explorer that  a fast moving spacecraft creates luminosity in the 

upper atmosphere (Yee and Abreu, 1982). However, the existence of the shuttle glow was 

not specific ally predicted. 

The STS-3 photographs clearly show that the luminous envelope exists above surfaces 

which are predominately in the forward direction with respect to the velocity vector. The 

occultation of an occasional star by the glow shows that the glow is a layer of 5 to 10 

cm thick. The temporal fluctuation of the glow as a function of the Orbiter maneuvering 

system jets is also under study since short term enhancements are seen at  these times. 

Color photographs were also obtained during the flight of STS-3, showing that the glow 

has a strong reddish component when compared to the normal airglow layer consisting 

mainly of OI(X = 55774 radiation. 

Because of the importance of shuttle glow as an optical contaminant to  the high 

sensitivity astronomy or aeronomy experiments which will be carried on future shuttle 

missions, further experiments to study the glow were carried out on STS-4. Owing to 

, P r e ~ e ~ n g  page blank 
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the short time between STS-3 and STS-4, it was not possible to introduce a complete 

spectroscopic experiment to study the vehicle glow. Consequently, a simple experiment 

using a 300 line per mm grating was pro n with the same cameras which 

recorded the glow on STS-3. Close cooperation between dl levels of NASA permitted us to 

procure the diffraction grating, schedule the photography, train the crew, and perform the 

experiment on STS-4 in a period of four weeks. In this report we provide the preliminary 

findings from these second generation experiments. 

MEASUREMENT TECHNIQUE 

The main object of the experiment was to  obtain the optical spectral distribution of 

the glow. Because of the brief time available we had to minimize our impact on the flight 

hardware. We used the previously flown 70 mm Hasselblad camera with a 100 mm focal 

length lens. This same camera was used for the glow photography on the STS-3. The 

camera was mounted in the aft flight deck window on brackets and a window shade was 

used to screen out undesirable light contamination from. the cabin. 

The only item specially procured and delivered for the STS-4 experiment was the 

optical grating. The 300 lines per mm grating was purchased from Diffraction Products, 

Inc., Waodstock, Illinois and was used as an objective grating in front of the camera optical 

system, thereby making the camera into a slitless spectrograph. The optical path of the 

system is illustrated in Fig. 1. The camera and lens were pointed toward the tall, narrow 

tail section (vertical stabilizer) with the aft engine pods incIuded. in the frame. With the 

grating ruling approximately parallel to the vertical stabilizer, a ” zero order image” will 

be located on the film at the same location as if the grating were absent. For this grating, 

however, most of the light is diffracted into a bright first order image to the right of the 

ro order image. For a moderately bright object (such as a star), zero order image, 

. It is important to detect the zero order first, and second order spectra m 
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image because the distance on the plate from the zero to first order image defines the 

wavelength. If the spectrum consists of a continuum emission then the first order image is 

widely spread and represents a convolution of the image intensity and the spectral profile. 

With good signal to noise ratio such a diffuse image can be processed to yield the high 

resolution spect ra. 

Figure 1 

CALIBRATION 

Two kinds of calibrations were performed with a camera and grating combination. In 

one test performed prior to flight, we photographed a mercury lamp in a full scale JSC 

Orbiter trainer. In this situation it was possible to simulate the actual distances from the 

camera to the anticipated light-emitting portions of the vehicle tail. The mercury lamp 

WTLS masked off to produce a slit and enabled us to calibrate the spectral resolution of the 

system. From photographs it was verified that the spectral dispersion of the system was 

closely in agreement with the theoretical prediction which assumed the use of a grating 

with 300 rulings per mm. The system could separate, in second order, two lines which 
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were at x = 5764.i and 

therefore, is about 30-5081. 

= 5790i i.e., only 26A apart. In the first order the resolut.ion, 

The second set of calibrations was taken post-flight. During this calibration we ob- 

tained photographs of a light source of known spectral luminosity per angstrom as a func- 

tion of wavelength. This measurement provided us with the absolute sensitivity of the 

grating camera system as a function of wavelength. 

Following verification of the grating characteristics and measurement of its resolution, 

a wavelength calibration was performed using the nominal 100 mm focal length of the 

camera lens. Using the test prints, the system magnification was measured and actual 

wavelength scales could be determined by comparing distances of the film and final print. 

FLIGHT OPERATIONS 

From the STS-3 experiments we know that the shuttle glow is essentially subvisual, 

detectable only by low light level TV cameras or long exposure photography. (Some of the 

best STS-3 color photographs were taken with exposure durations of 50 seconds). Since the 

diffraction grating will produce additional transmission losses as well as spectral dispersion 

across the film, and the flight itself was to be conducted at a substzntially higher altitude 

than STS-3 (about 300 km instead of 240 km), it was concluded that very long exposures 

would be necessary on STS-4. Photographic sensitometry data provided by the Johnson 

Space Center (courtesy of N. Lamar) showed that the problem of reciprocity failure in 

the 2485 black and white flight film is quite severe and an extension of the exposure time 

produces only moderate gains. 

A second factor involved operational constraints. The schedule of STS-4 was such that 

the orbit was essentially always in moonlight except for about 12 minutes each orbit during 

the first few days of the flight. Furthermore, the crew was heavily scheduled at this time 
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in payload activities. Acting together, these constraints severely b i t e  

schedule many sessions with very long exposure durations. Conse 

sequence consisting of 400,100,25 and 5 second exposures .This schedule virtually filled the 

entire 12 minute shadow period of an orbit. Two such operation sequences were scheduled. 

Because of the tight timeline, it was not possible to schedule any other experiment periods 

for photography without the grating for data to  compare with STS-3. During the  time 

when there was ground contact with the spacecraft we were able to  monitor the progress 

of the experiment, which was carried out by T.K. Mattingly, the STS-4 flight commander. 

During the first observation session, the full complement of pictures was taken. Mattingly 

reported during this session that he saw visible light by eye during the firing of the vehicle 

attitude control system, but otherwise no glow could be seen, even with the on-board 

closed circuit TV system. Mattingly also reported that during the last part of the session 

there was evidence of sunrise. 

During the second photographic session, conducted on the next orbit, pictures were 

taken according to the scheduled checklist in the order given above. No discrepancies were 

noted and no comments were made by the crew. However, the last picture was omitted 

from the sequence as a consequence of sunrise contamination. 

RESULTS 

The best picture obtained from the flight was obtained during the 400 second exposure 

at the start of the first observing session. This result is shown in Figure 2. A second image, 

obtained with a 100 second exposure showed similar features but was too underexposed 

for effective analysis. The third and fourth exposures, of 25 and 5 seconds duration, 

respectively, show brighter images of the tail section in the first order spectrum with light 

at much shorter wavelengths (4000 to 5 0 0 0 4  produced by faint sunrise illumination. 
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Figure 2 

Examination of Fig. 2 reveals many interesting, complex fe tures. Imm diately ap- 

parent to the eye is what appears to  be a dark image of the tail section and two engine 

pods of the Orbiter near the center of the frame. This dark feature corresponds to  the first 

order image at wavelengths just below the optical pass band of the window-camera system. 

The zero order image is observed faintly near the left edge of the photograph. The  general 

luminosity of the picture may be caused by a vernier thruster from the orbiter. It should 

also be noted that the diffuse, ropelike brightness running from left t.o right across the 

image is probably a result of stray light within the aft flight deck area. The three major 

portions of this light seem to  correspond to  the zeroth, first, and second order images of 

this source. 

Although no bright glow is visible on the starboard or windward side of the tail (to the 

left in this aft-looking photograph), an area of dispersed glow.is visible on the top of the 

starboard, aft engine pod. Also, the photograph will permit the spectrum of the thruster 

firing to be estimted, as described below. 
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Consider first the emission spectrum of the thruster firing, which we assume produces 

the general light emission around and even behind the spacecraft. To produce the faint, 

dark image in zero order, a major part of the light must be coming from behind the 

vertical stabilizer to show it in shadow. Remembering that most of the light is diffracted 

~~ into first order and that the first order image is the convolution of the spatial image with 

the spectral profile, the only way to produce a narrow, dark first order image is to have 

a relatively narrow spectral emission. From the displacement of the dispersed shadow we 

conclude that the observed thruster emission extends from about 7200 to SOOOA, with the 

long wavelength cutoff established by the observing system, rather than the emission itself. 

Figure 3 provides a plastic overlay to Fig. 2 showing both the first order image and the 

wavelength calibration used to determine the various optical emission spectra. 

ZEROTH ORDER 
TAIL IMAGE 

ORDER 

OUT OF FRAME 
GLOW REGION: POD 

Figure 3 
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Data on the actual vehicle-associated glow comes from the apparent bright emission 

located on the starboard engine pod of the first order image. Unfort 

order this glow is just outside of the fi of the photograph. Nevert 

can extrapolate its location using the known locations of the tail and the pods in zeroth 

order. This has been done on the overlay o ig. 3 and a wavelength scale extending 

from 4000 to 8WOA is shown. From t ese data, it appears that the vehicle glow has a 

spectrum which extends from a short wavelength limit of about 6300A up to the long 

wavelength. measurement limit of 8000A. More detailed information about this spectrum 

may be possible to obtain from microdensiometer traces along the spectrum brightness. 

A separate source of luminosity visible in Fig. 2 arises from several stars. The bright, 

narrow track near the center of the image shows the apparent motion of a star during 

the course of the 400 second exposure. The spectrum of this star extends to the right of 

the zero order image and, using the scale provided by Fig. 3, shows strong emission in 

the blue portion of the spectrum. In addition, the second brightening to the right of the 

first order image is the second order image, again showing the strong blue emission. The 

calibrated wavelength scale given on Fig. 3 shows that the main optical output of this star 

lies between 4400 and 550QA with the shorter wavelength end of the spectrum probabIy 

limited by the camera system. 

Another star is visible in Fig. 2 just to the right of the zero order image of the tail. In 

this case the star is partially obscured by the tail itself. This accident has helped to provide 

information about the location of the zeroth order image of the tail and the location of the 

starboard engine pod. The spectrum of this star extends in first order to the right of the 

zero order image and shows an emission strongly weighted towards long wavelengths. Part 

of the second order image is also present. th of these stars (and a third) show identical 

tracks, indicating the vehicle was in slow rotation, with 

caused by (presumably) short vernier thruster firings. 

directional changes at three points 
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CONCLUSIONS 

The present results indicate that it is possible to obtain spectral measurements of 

optical emissions in the vicinity of the Orbiter using a simple grating-camera system. 

During STS-4 the absolute intensities of vehicle glow emissions appear to have been 

substantially lower than were observed on STS-3. Nevertheless, is was again observed 

that the glow occurred on surfaces of the Orbiter exposed to the passing atmosphere on 

the vehicle's windward side. It is likely that  the lower emission intensities are a result of 

lower neutral gas densities at the STS-4 orbit altitude. 

The spectral measurements provide important information about the spectral content 

of the glow; Le., it extends from a lower wavelength of about 6300A upwards towards the 

infrared. Such an emission would be consistent with an atomic oxygen interaction with the 

surface of the vehicie, but is in no way definitive that this is actually the process involved. 

These results also are in agreement with the earlier Atmospheric Explorer results of Yee 

and Abreu (1982) obtained at a much lower altitude. 

An unexpected benefit of the present observations has been the opportunity to measure 

the spectral character of thruster light emission. This luminosity has a character substan- 

tially different from that of the vehicle glow and extends from a longer wavelength lower 

boundary on into the infrared. It appears likely that more details of the thruster optical 

emission spectrum can be obtained on future flights using this technique. 

In summary, both of the important optical emissions associated with the Orbiter appear 

to have their peak intensities at the long wavelength end of the spectrum. From the 

present data it is difficult t o  identify particular molecular process leading to the emissions 

themselves. However, quantitative analysis of the results is underway and results from this 

will be reporkd soon. 
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DECAY O F  GLOW ON T A I L  AFTER THRUSTER FIRING 
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GLOW ON T A I L  
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IECM ASCENTIREENTRY 
TEMPERATURE (IECM AIR SAMPLER) 

STS-2. STS-3, STS-4 

30 

20 

10 

0 5 10 15 20 25 30 35 40 45 50 55 60 

TIME (MINUTES) 
TIME REFERENCE A T  ALTITUDE OF APPROXIMATELY 

22.875 ':m 175.000 FT) 

I ECM 
CASCADE IMPACTOR 

PART I CULATE MEASUREMENTS 
SUMMARY - STS-2, 3, 4 

Measurement _- 
>5u s i z e  p a r t i c u l n t e s  

1)i  t o  511 s i z e  p a r t i c l e  

0 . 3 ~  to It1 s i z e  
p n r t  iclcs 

* Drscent  vnlues may 1 n r g e l y  i n s t r u m e n t a l  ( t h e m a l ) ,  and 

F l i g h t  R e s u l t s  
STS-2 Ascent  Ir 30 irpms/m 3 

Descent ?, 10 " 

STS-3 Ascent  .\, 10 " 

Descent ?r 10 *' 
STS-4 Ascent 

Descent  ?, 20 u ~ m s l m ~  
STS-2 Ascent  ?r 500 ygms/m3 

Descent ~r 250* " 

Descent  < 10 
STS-4 Ascent ?r 300 ugms/m3 

Descent  < 10 " 

Descent  ?r 1 2 5 * ~ 6 m s / m ~  

Descent  < 10 

Descent  Non f u n c t i o n e l  

Non f u n c t i o n e l  

STS-3 Ascent  < 10 ugmE/rn 3 

STS-2 Ascent  ?r 250 u,ems/m 3 

STS-ri Ascent % 90 pgmstm 3 

STS-3 Ascent  10 ugmfjlm 3 

o u l d  b e  c o n s i d e r e d  upper  l imits.  



ZJU z 

STS-2, STAGE 2, POSTFLIWT SENSING CPYSTAL 
SEV PHOTOGRAPH 

STS-2, STAGE, 3, POSTFLIGHT SEASIRG CRYSTAL 
PHOTOGRAPH WITH SEN 

STS-2, STAGE 4, POSTFLIGHT SELSING CRYSTAL 
PHOTOGRAPH USING SEN 
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ENIARGVnE!iT OF AN AREA OF 'STACE 

AND SPECTRA OF T Y P I C A L  
PARTICLES. 

3, STS-2, CONTAINING FIBERS, 

,:,, r . 

S?EG4A OF VARIOUS 
'!XES ON STAGE 3, STS-2 

# 
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I N D U C E D  ENVIRONMENT CONTNIINATION MONITOR 

A i r  Sampler R e s u l t s  
Contaminant T o t a l s  f o r  Representa t ive  
STS Ground, Ascent ,  and Descent Phases  

LOCATION SPECIES LEVELS EXPECTED, 

Ground V o l a t i l e  <15 PPM, e15 PPM 
SPEC. 

liydrocarbonst i n  Purge Gas 

Ascent V o l a t i l e  Unknown, no Spec 

Ascent Reac t ive  Unknown, no Spec 

Descent React i v e s  Unknown, no Spec 

Descent V o l a t i l e  Unknown, no Spec 

Hydrocarbonst 

H C 1  

NO, NO2, NH3 

Mydrocarbons t 

DETECTION* OBSERVED 

A < 3  PPM by Wt. 
METllOD 

~1 PPM by Volume1 

u10 PPM by Volumet 

t o  PPM s e n s i t i v i t y  

PPM s e n s i t i v i t y  

- 4 PPM by Volumet 

A 9150 PPM by Clt. 

B None d e t e c t e d  

C None d e t e c t e d  t o  

A u20 PPM by Wt. 

Q A - Concent ra t ion  on a d s o r b e n t ;  p o s t f l i p , h t  CCIMS a n a l y s i s .  

B - React ion w i t h  s i lver  oxide lhydroxide  s u r f a c e s ;  p o s t f l i g h t  a n a l y s e s  by ESCA. 

C - React ion w i t h  ruthenium t r i c h l o r i d e  s u r f a c e a ;  p o s t f l i g h t  a n a l y s e s  by ESCA. 

.I. Covers C t o  CZ4 range  and u s e s  %CI2 as average molecular  weight  t o  o b t a i n  PPM 
by volumz. 

P A S S I V E  SAMPLE ARRAY 

0 AVERAGE CHANGE I N  O T P I C A L  P R O P E R T I E S :  

PRE-LAUNCH EIqVIRONMENT - - - - - - - - - - - -  < 2 %  - 

F L I G H T  M [ S S l O N  _ _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ -  < 1% 
- 

1% F E R R Y - F L I G H T  _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  < - 

(HEASURED U N C E R T A I N T Y  1%) - 

0 NO MOLECULAR CONTAMINANT F I L M S  DETECTED 

0 MEASURED O P T I C A L  DEGRADATION A T T R I B U T E D  TO P A R T I C U L A T E S  
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TEC'I OI'TICAL MEASUREMENTS 
PASSIVE SAMFLE ARRAY 

FI.IGIIT MISSION RESULTS: S T S - 2 ,  STS-3 ,  STS-4 

Sam p 1 e Wave length Range of AR Average 
A (nm) ( + 0 . 0 1  uncerta inty)  ?b Chanp.e 

120 -0.07 to +0.03 +O .7X 

1 6 0  -0 .01  to + 0 . 0 4  +l .ax 

____- 

MgF21A1 200 

240 ( 2 2  samples) 
-0 .03  to +0.02 +o . 1% 

-0.04 t o  +0.01 - 0 . 3 %  

280 - 0 . 0 6  to + 0 . 0 1  - 2 . 3 %  

1 2 0  

160 

G o l d  200 

(18 samples) 240 

2 8 0  

-0.03 to +0.04 -1.1% 

-0.01 to +0.03 +o. 9% 
-0 .01  to +0.03 + 4 . 2 %  

- 0 . 0 2  t o  M . 0 4  +o .9% 

- 0 . 0 3  to +0.02 -0.1% 

0 MEASUREMENT UNCERTAINTY 2 18 CABSOLUTE). 

0 MOST OF THE OBSERVED DEGRADATION A T T R I B U T E D  TO E F F E C T S  OF P A R T I C U L A T E S .  

NO E V I D E N C E  FOUND FOR MOLECULAR F I L M  D E P O S I T S .  

0 i I l l R l l l G  11PI f W r R A l l O N S ,  SAMFLFS AllD 

I N S I R U M F N I F  Or I I l E  IECM O E S I G I I A I F I )  

rim ri IGHI W C R E  P R o r E c f E v  a y  C n V E R t  

IJIIIIL r i m i  n ~ r r s s  PRIOR IO R O ( L - I I V I  

5 1 5 - 1  19 DAYS EXPOSI/PF OFF 

p = 6 . 5  x I O '  P A E 1 1 C l t Z l r 1 4 2  

C L A S S  so0 IO 150n 

5 1 s - 4  5 D A Y S  EXPOSURE OFF 

* = 1 . 3  x I O J I C M ~  

CLASS S O 0  

l N - l R A l ~ S l l  OPF-PCR 0 6  D A Y S )  

0 : 6 . 7  x I O ' l I M '  

CLASS 700 

16 D A I S  EXPOSURE IN  PCR 

p = 5 X 1O2ICM' 

CLASS 100 

SAMPLES EXPOSED FROM 

I S 1  ACCESS OPF A L A S i  ACCESS PCR 

0 = 2 . 7  x lns/cnz 
CLASS 150 
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IFCM or I I ( AL MFASUREHENTS 

I ’A55 I VI. SAMPLE ARRAY 

I I 11.111 M 1 5 5 1 f l N  R F F t l l  IS: S T S - 7 ,  SIS- 3 ,  S I S - l l  

AVERAGEI) 

(.Of4 I AMI El  A T  I (111 51’1‘C I F I C A  T I ON : 

I’AR 1 I I I I D r N S  t I Y - OPT i CAL SURFACES 

< CLASS 1011 - 

F L I G H T  M I S S I O N  RESULTS 

S T S -  1 

0 = 1.7 X 10’ PARTICCES/CM’  

< CLASS 300 

0 P I  5111 IS SII(JWN I N D I C A T E  DIFFERENCE 

I N  I r V r l S  MTASIJRFD ON SAMPLES FXPOSED 

IO I N l l P F  M I S S I O N  VERSUS L E V E L S  I N  

SAMI’I I5 FXI’OSFI) ONLY ON F E R R Y - F C I G I I T .  

S T S - 3  

p = 2.7 x lo3 PARTICLESICM’ 

= CLASS 300 

S T S - 4  
2 

p = 0 . 5  x l o 3  PARTICLESICM 

< CLASS 300 

I ECM Or 1 I CAL MCASUREMEd IS 

e * O R B I T A L  F L I G H T  

e- - - -* F E R R Y  FLIGHT 

PRE-FLIGHT/OPF 

0 10 20 50 100 

PARTICLE SIZE - DIAMETER (MICRON) TYPICAL PARTICLE DISTRIBUTIONS 
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IECM OPrlCAI, HEASURLMEiJ'I'S 

OPTICAL EFFECTS MOOULE 

SUIUIARY OF RI:SUI.IS S T S - 2 ,  S T S - 3 ,  S T S - L  

E~ssIJO:~ 1'liASt.. / \VEMGE CIIAI'CE IN TRANSMITPAdCE ( 2 5 3  7 nm) 

EXPOSED SAMPLES UiiEXPOSED SNII'LES 

LiFZ CaF2 tlgF2 SAP Pi1 I RE Q_U"R'. -- - - - 
KSCIOPF CROUigV OPERATIONS 0% 0 Ib - 1% - 1% 0% 

OR -ORB IT 0 "/. + 1% i- 11% - 3% 0 7" 

Q I?liSCENT/LANDING FERRY FLIGII'P - 1% - 1% 0% - 14 - 1 ib 

TOTAL -lib - 1% - 2% - 316 - l'/* 

I 

0 

OEM SAMPI.ES L A B E L E D  "EXPOSED" R E M A I N  EXTERNAL TO OEM H O U S I N G  9 5 %  OF M I S S I O N  DURATION 

F L I G H T  DATA - SCATTER CHANNEL I N D I C A T E  NO ACCUMULATIONS OF P A R T I C L E S  GREATER THAN 
CLASS 300 SURFACE LEVELS.  

P O S T - F L I G H T  P A R T I C L E  COUNTS ON OEM SAMPLES I N D I C A T E  L E V E L S  NO GREATER THAN CLASS 3 0 0  

E F F E C T S  OF D I S C R E T E  SHUTTLE EVENTS NOT DETECTABLE DUE TO L I M I T E D  MAGNlTUDE OF 
MEASURED O P T I C S  V A R I A T I O N S .  

0 

1 IKIUCED ENV I RCINMFNT CONTAM I NATION MON I TOR 
OPT 1 CAL MEASIIREMENT CAMERAIPHOTOMETER 

TYP I CAL QUEST IONS 

WHAT IS THE S I Z E  DISTRIBUTION OF PARTICLES? 

WHAT IS THE VELOC 1 TY II I STR I RUT 1 ON OF PART I CLES? 

:IHAT OPTICAL EFFECTS, IF ANY, ARISE FROM A MOLECULAR CLOUO? 

WHAT ARE THE SOURCES OF CONTAF.1INATION? 

DO ALL  MANEUVERS RESULT I N INCREASED CONTAMI NAT 1 ON? 

HOW DOES THE CONTAMINATION VARY WITH MET? 

HOW LONG AFTER LAUNCH DOES THE SPACECRAFT ENVIRONMENT CLEAR? 

WHAT IS THE DECAY T I R E  OF CONTAMlNATlON DUE TO WATER DUMPS? 

WHAT IS SRIGJITAESS BACKGROUND DUE 70 CWTMIIUATION? 

1, TYPICAL QUESTIONS WHICH HOPEFULLY WILL BE ANSWERED RY THE CAMERA/ 
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I NDUCED ENVI RONRENT CONTAM1 1IAT ION MON I TFR 

induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

f le 
er . 
itect 
4 h 
Ilar 
. the 
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- 7  

Induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

One o f  the star fields observed during camera/photometer operation. 
Stars to the 10th magnitude were recorded by such observations during 
sunlit conditions. 

r 

Induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

"Snl 
The 
the 

chopping action o f  the shutter can be seen from the segmented tracks o 
particles. This allows the determinition o f  particle velocity. 
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INDIITED F ~ ~ V I R O I # l E N T  CONTAMINATION M I N I  TOR 
Or1 I CAI MTASURFVENT CAMFRAIPIIOTMIFTFR 

I l l s s l o n  Elnsperl Time 

Data Cramen as a percentap,e of potential contaminstton frames a s  seen  i n  t h e  f i r s t  bR hours 
durinp STS-2, 1. and b 

6 .  TllC NUMBER OF FRAMCS WITt1 X NUMBER OF EVENTS AS A PERCENTAGE OF POTEt iT l l lL  CONTAMINATION 
FRAtqES. 
Or TIIF RFSPECTIVE MISSIONS. 

THE nATA I S  A SUMARY O r  THF STS-7, 3,  AND II MISSIONS OllRING THE FIRST 114 IIOIJRS 

c 

ONBflAnO MISSION 
C r n c r c i i A r T  ELAPSE0 TlMF 
r V E N T  IMETI  

tins MINS 

MANEUVERS 02 30 
P ~ Y L O A D  nnv DOOR TESTS 02 37 

7 

fi0 

95 

45 

1s 

135 

165 

12 

1 

20 

55 

I 1 0  

34 

- 

13 

1 

I 

1 

1 

2 

1 

1 

1 

1 

1 

t 

1 

6 

NUMJER 
OF 
CONTAM 
FRAMES 

13 

1 

1 

1 

1 

2 

I 

1 

1 

1 

1 

1 

1 

5 

. 3n 

’ 30 

, 30 

- 15 

5 

5. 1 

15 

> 20 

20 

3 

10 

3 

1 

’ 30 

TABLE 3 CflRnEL4TIf lN OF OBSERVED 7ONTAMINATION WITH ON-BOARD SPACECRAFT EVENTS 

7. CORRCLATIOH O r  OBSERVED CONT/VlINATlOfI W I T H  ON-BOARD SPACECRAFT R T T I V I T I E S ,  SUCH AS 
MAICUVERS, HATER DUMPS, ENGINE RIIRNS, ETC. THE DATA HAS RECORDED DURING TllE STS-2 MISSION.  

. 
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I1Nl lOAll l l  
CI.N r r m v i  FLAPSEO 1 IMF 1)l’I’Oll I l l N l l Y  C O N I A M  

RECOnVFO 
AT A 1  

M4NFWJFR 

75 

MANEUVEn 

MANEWVEII 

RMS TESTS 23.00- 27 00 

MANFUVER 

I Niliir r 11 LIN I iwv t i  I CONI At1 I NA I I (111 tinti i 1 oit or I I CAI. HE ASI tRr tir t.11 mir iifimtiii cwir I r 11 
AT NUMREn OF 

O N n o A n o  
SPACFCIIAFT 

JlRS, MlNS RECORDED CONlAM 

MANEUVEl i  

MANEUVER 

U4NEUVEl l  

MANEUVER 

APU TEST 

PAYLOAD BhY 
DOOR CLOSING 
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I E C M  OPTICAL MEASUREMENTS 

CAMERA/ PtiO TOME TE 4 

P R E L I M I N A R Y  RESULTS 

I S T S - 2 , 3 :  - Bs I 515-4 1 0 - l ~  - 1 0 - l ~  BO 

BACKGROUND B R I G H T N E S S :  I N  V I S I B L E  SPECTRUM 

PART I CULATES : 0 . 0 1  2 5  urn P A R T l C L E / l . S  X S R / O R B I T  
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NEUTRAL GAS MASS SPECTROMETER ON THE IECM 

G. R. Carignan 
University of Michigan 

1 Preceding page blank 
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N E U T R A L  G A S  M A S S  S P E C T R O M E T E R  

O N  T H E  I E C N  

G. R. C A R I G N A N  

1. INSTRUEENT DESCRIPTION 
2 .  GEOMETRY OF THE IIEASUREMEHT 
3.  C A P A B I L I T I E S  AND L IMITATIONS 
4. RESULTS 

A. WATER 

B. METHANE 

C, ATMOSPHERIC GASES 

D. HEAVY MOLECULES 

E. THRUSTER FIRINGS 

F. DOOR CLOSINGS 

G. GAS CALIBRATION 

5, CONCLUSIONS 

6. FUTURE A C T I V I T I E S  

c 4 

4 

FUNCI IONAC 01AGRALI OF Ill€ H A S S  SPECIROMCTER 

4, Preceding page blank c 

I 
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IECM WITH MASS SPECTROHETER I S  THE LARGE 
TOP MOUNTED BOX I N  THE RIGHT-CENTER OF 
THE PHOTO. 
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ms/2 SEC. 1 1 ~  IO' - 

Id t 
c 

SPECTRUM TAKEN BY THE MASS SPECTROMETER ON STS-2  A 1  
1 3  HRS. 7 5  M I N .  MET. 

ENVELWE OF 

MET 

E N V E L O P E  OF H 0 COUNT R A T E  OVER THE D U R A T I O N  OF 
THE F L I G H T  OF'STS-V. 
ARE STRONGLY MODULATED B Y  THE l N S T R U M E N r  A N G L E  OF 
A T T A C K .  

THE V A ~ S Y I l H I N  T H E  E N V E L O P E  
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FLUX 

FOR A NOMINAL SCATTERING CROSS SECTION 

COLUMN DENS I TY 

TIME CONSTANT FOR DECREASE TO 1/E 

H 2 0  O N  S T S - 4  

MAX I MUM SOURCE DENS I TY 2.5 x lo8 CC-' 
INTERPRETED AS A 

2 , 1  x 1014 CM-2 SR-1 s-1 

V A R I A T I O N  I N  MEASURE0 HELIUM A N 0  ARGON AS INSTRUMENT 
ANGLE OF ATTACK VARIES FROM 171)' TO 10.. THE 
ATMOSPHERIC OEMSITIES OBTAINED FROM MANY SUCH OBSER- 
V A T I O N S  ON STS-Z.  S T S - 3  AND STS-'4 AGREE YELL W I T H  
MODEL VALUES. 
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S T S - 3  A T  4 9  H R S  M E T  

A M B I E N T  D E N S I T I E S  

ARGON 

HELIUM 

MEASURED 

1,2 105 CC-1 

3,O x lo6 CC-’ 

NIDEL (260) 

1.7 105 CC-1 

5,4 x 106 cc-3 

79poo I I I I I I I I I I 
OFFEKNnAL STS - 4 
COIPOSITUN 

47: 16 122.1 
60.,000 - AT 

I I I I  
I TRACE \ 40.000 - “H3 I coz 

30,000 

10.00 

MET 
T Y P I C A L  SIGNATURE OF A V E R N I E R  RCS F I R I N G .  METHANE I S  B E L I E V E D  
TO BE A R T I F I C A L L Y  PRODUCED ON THE Z I R C O N I U M  O X I D E  GETTERS OF THE 
COLLIMATOR. N I T R O G E N ,  WATER AND HYDROGEN ARE THE P R I N C I P A L  
PRODUCTS OBSERVED. 
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4 
I I I I 

l d 4 0  ‘L’ 0 ‘ IO 2 0  30 40 10 
HRS 166 16’ MET 

PRESSURE R I S E  AN0 THE C O M P O S I T I O N  I N  THE 
PAYLOAO BAY D U R I N G  THE DOOR C L O S I N G  E X E R C I S E  
AT lb7 HOURS MET ON 5 1 5 - 3 .  

22 ISOTOPE OF NEON DOMINATES THE SPECSRIH. THE ISOTOPICMLY LMELEO 
WATER AT MASS 20 WICH WAS RELEASE0 SIWLTu(E0VzLI  IS NOT SEEN- THE 
MASS 20 AN0 21 COVIT RATES ARE CONSISTENT WITH THE P l R l f Y  OF THE, 
NEON-22 WS 1040- 
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MODELING CORRELATION WITH FLIGHT DATA 

H. K. F .  E h l e r s  
Johnson Space Center 
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SHUTTLE ENVIRONMENT WORKSHOP 

MODELING CORRELATION WITH FLIGHT DATA 

H. I(. F. EHLERS 

MOLECULAR (CONTAMINATION) FLOW MODELING 

(SPACE 2 PROGRAM) 

PURPOSE OF THE MODEL 

a PREDICT THE INDUCED ENVIRONMENT OF THE SPACE SHUTTLE 
ORBITER/PAYLOAO ON-ORBIT 

MODEL OUTPUT PARAMETERS 

DENSITY 

e COLUMN DENSITY 

a RETURN FLUX 

@ PREDICT THE INDUCE0 GAS FLOW BETWEEN ORBITER/PAYLOAD 
SURFACES 

@ MODEL OUTPUT PARAMETERS 

@ DIRECT SOURCE TO RECEIVER GAS FLOW 

REFLECTED SOURCE TO RECEIVER GAS FLOW 

A-149 
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MOLECULAR (CONTAMINATION) FLOW MOOELItlG 
(SPACE 2 PROGRAM) 

0 MOOEL DESCRIPTION 

THE MODEL I S  A COMPUTER PROGRAM RELATING CERTAIN INPUT 
PARAMETERS TO THE REQUIRE0 OUTPUT PARAMETERS. THE INPUT 
PARAMETERS CHARACTERIZE THE TIME DEPENDENT STATUS OF THE 
ORB I TER/PAYLOAO 

0 INPUT PARAMETERS 

0 BODY GEOMETRY 

a MATERIALS GAS EMISSION/REFLECTION/ABSORPTION 

0 ENGINE/VENT CHARACTERISTICS 

0 AMBIENT/EMITTED GAS INTERACTION 

0 TEMPERATURES 

a TIME DEPENDENCE 

CHARACTERIST I C s  

0 PROGRAM 

a MOLECULAR TRANSPORT MECHANISMS 

MOOEL APPLICATION: ORBITER FL IGHT TESTS 

0 INDUCED GAS ENVIRONMENT OF DRBITER/PAYLOAD SYSTEM 

0 STS-1 

0 STS-2 

a STS-3 

0 INDUCED DIRECT GAS FLOW FROM ORBITER/PAYLOADS TO SENSIT IVE 
AREAS ( I N  BAY) 

a IECM INSTRUMENTS 

0 RETURN FLUX TO SENSIT IVE AREAS 

0 IECM INSTRUMENTS 

@ INDUCED DIRECT GAS FLOW FROM ORBITER/PAYLOADS TO UNBERTHED 
PAYLOAD/SENSITIVE INSTRUMENTS 

0 IECM ON RMS 
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Reactton Control 
System Engines (28) 

Reaction Contr 

NOTE: A l l  statlon numbers 
(Xo, Yo. Zol I n  inches. 

x, 0. Yo - 0, zo 0 
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STS-3 PAYLOAD MODEL 

\ 
\ 
\ 
\ 
1 
\ 
\ 
\ 

- Y  

MODELING CORRELATION WITH FLIGHT DATA 

e DIRECT FLOW OF OUTGASSING MOLECULES FROM BAY SURFACES 
TO TQCM'S ON THE IECM 

( I N  G/CM2 SEC) (STS-2/IECM I N  ZLV ATTITUDE) 

SPACE 2 PREDICTiONS LOCATIONS MEASUREMENTS 

8.3 RIGHT 0.. .6.3 

10.4 FWD 6.3...15.4 

7.3 AFT 2...6.5 

19.8 LEFT 0...4.D 
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0 DIRECT FLOW OF OUTGASSING MOLEDULES FROM BAY SURFACES 
TO TQCM'S ON THE IECM 

( I N  1D'12' G/CM2 SEC) (STS-3 /TA IL  TO THE SUN ATTITUDE) 

SPACE Z PREDICTIONS LOCATIONS MEASUREMENTS 

2.7 RIGHT 2...27 

3.8 FWD 17.. .47 

2.1 AFT 5...18 

2.2 LEFT 7...25 

0.07 TOP 5...15 

MODELING CORRELATION WITH FL IGHT DATA 

a RETURN FLUX OF WATER MOLECULES FROM THE FLASH 
EVAPORATORS TO THE MASS SPECTROMETER ON THE IECM 
( I N  COUNTS PER SEC) (STS-Z/ IECM I N  I L V  ATTITUDE) 

SPACE 2 PREDICTIONS LOCATION MEASUREMENT 

1000 TOP 250.. .750  
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MASS SPECTROMETER MEASUREMENT OF RETURN FLUX 
( I N  COUNTS/2 SEC. NEAR RAM ATTITUDE) 

MISS ION AMU18 AMU 2 8  AMU 3 2  AMU 4 4  

STS-2 4E+5. ..4E+3 (9...7)E+5 lE+4* ( 7  ... 1.5)E+4 

STS-3 (1...5)E+6 1.5E+2...5E+4 c500 

4 *1E+4 = 1.10 

SP4CE 2 PREDICTIONS OF RETURN FLUX 

( I N  MASS SPECTROMETER COUNTS/Z SEC, RAM ATTITUDE) 

M 1 SS I ON SOURCE OUTG** H20 N2 C02 O2 

STS-2 OUTGASSING/ 106 8 3  66 4 8  2 2  

STS-2 CABIN LEAKAGE 1 3 6  1 4 0 0 0  166 3 8 0 0  

DESORPTION* 

*AT 20 HOURS MISSION ELAPSE0 TIME 
**MODELED AMU:1DO 

c 

MODELING CORRELATION WITH FLIGHT DATA 

RETURN FLUX 

PREDICTED STS-2 CONTRIBUTIONS FROM MOLECULAR SOURCES TO MEASURED VALUES 

DESORPTION NORMAL: MINOR 
TILES: MAJOR 

CABIN LEAKAGE M I  NOR 

AMBIENT N2 - 
AMBIENT 0 - 
OTHER - 

28 - 
MINOR 

MINOR 

MAJOR 

TO BE 
ANAL VZED 

4 4  - 32 - 
MINOR MINOR 

MODERATE MINOR 

- - 
MODERATE - 

MINOR TO BE 
ANALYZED 

*OUTGASSING - NO SIGNIFICANT AMOUNTS OF HEAVY MOLECULAR SPECIES HAVE BEEN 
OBSERVED ABOVE PREOICTED LEVELS 
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RETURN FLUX MEASUREMENT ERROR ANALYSIS 

MAJOR CONTRIBUTORS TO ERRORS I N  THE DATA ANALYSIS ARE: 

e MOLECULAR COLLIS ION PROCESS 

0 MASS SPECTROMETER CALIBRATION FACTOR, DEPENDING ON 

e MASS SPECTROMETER SYSTEM CHARACTERISTICS (H20. CH4) 

0 AMBIENT CONTRIBUTIONS 

SYSTEM PUMPING SPEED 

SPACE 2 PREDICTIONS OF MOLECULAR COLUMN DENSIT IES 

(IN MOLECULESICM~ SEC) 

MISSION SOURCE OUTG H 2 0  N2 co2 O2 
STS-2 OUTGASSING/ 0.6E+10** 0 . 2 E t l l  D . 1 E t l l  0 . 7 E t 1 0  0 . 4 E t 1 0  

DESORPTION*** 

0 . 1 E t 1 2  0 . 6 E t l l  0 . 4 E t l l  0 . 2 E t l l  STS-3 OUTGASSING/ 0 . 4 E t l l  
DESORPTION**** 

0 . 1 E t 1 2  0 . 6 E t 1 3  0 . 7 E t l l  Oe2E+13  STS-2/3 CABIN 
LEAKAGE 

STS-2 FLASH - - - EVAPORATORS 1 . 4 E t 1 3  

GOALS l . O E t l O *  1 . O E t l l  1 .OEt13  l . O E + l l  l . O E t 1 3  

* PER SPECIES 
** 0 . 6 E t 1 0  = 0.6*1010 

*** AT 20 HOURS MISSION ELAPSED TIME, ZLV ATTITUDE 
**** AT 20 HOURS MISSION ELAPSE0 TIME, TOP SUN ATTITUDE 

4 
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MODELING CORRELATION WITH FL IGHT DATA 

SUMMARY 

# GOOD CORRELATION FOR DIRECT FLOW (TQCM) 

9 GOOD CORRELATJON FOR RETURN FLUX, STS-2/H20 

0 CORRELATION FOR RETURN FLUX FROM OTHER MOLECULAR 
SOltRCES/SPECIES APPEARS TO BE WITHIN EXPECTATIONS. 
MORE ANALYSIS IS REQUIRED 

e SPACE 2 MOOEL SEEMS TO BE AN ADEQUATE PREDICTIVE 
TOOL 
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EFFECTS OF SHUTTLE ENVIRONMENT ON 

INSTRUMENT PERFORMANCE 

A. E. Potter 
.Johnson Space Center 
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OSTA-1 PAYLOAD 
A,  E, POTTER 

NASA/ JSC 

STS-2 CARGO 
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OSTA-I P ~ Y L O A D  ON srs-2 

0 6 EARTH-VID'ING EXPERIrlEWTS I N  PAYLOC.9 SAY, 

4 I; CPTICI\L, 1 PArlAR, 

6 2 EXPERIMENTS II CARIW. 
6 LIGHTidih'C SURVEY, PLANT GRWTH EXPERIYENT, 

9 PFYLOPI! ACTIVATED +4,5 INS, nEACTIVATED -7.5 HPS, 

4 TOTAL OFEMTION TiME  SI,?^ HRS, 

r 

EXPERIMENT-BAY INSTRUMENTS FOR OSTA-1 

0 SHUTTLE YULTISPECTRAL INFPARED RALfIOFlFTER (SMIRR) - ALEX RIETZ, P L ,  
9 INFRARED SPECTRAL P A D I A I U  I F  1n.BANDS F3R L l T H O L N l C  CLASSJFICATIOM. 
e 3 w . 1  HOURS DATA, 1 HWP CLWF-FQEE. 

0 FEATURE IDENTIFICATION A M  LOCATIT4 EXPEPI'FNT (FILC), W E R  SCHAPPELL, 
MARTI N-rlA9 IETTA , 
NO -CrZLnR TV IMAGERY F9R AUTOWTIC CLASIIFICATION OF SCENES A?lD FEATUFS,  

0 0.7 FRAME OF IPAAGERY ( I MSTRUPENT MALFLI?ICTlOM), 

0 4.3 MICRON INFRARED RADIOKTER FOR MAPPIIS CO. 
8 MEASL'REMENT 9F AIR POLLUTION FRO!! SATELLITES (MAPS) - H, REICHELE, LPPC 

@ 39 HRS DATA, 4 H R S  ESSENTIALLY CLOIIII-FLEE DATA. 
0 OCEAN COLOR EXPERIYERT (OCE) - H ,  KIM, GSFC, 

8 MULTISPECTRAL S C A N k s  FOR RAPPING OCEP!! CqLOROPHYLL, 
0 6 HRS DATA, 1/2 HR CLOUD-FREE DATA. 

8 SHUTTLE IRPGlNG RADAR (SIR-A) - C, ELACHI, JPL. 
e SYNTHETIC APERTURE RADAR F9R WATVlAL R E S W C E  YAPPlhlG (EYPHASIS CEOLnFY), 
e 7.5 HOURS GOOD 1)ATfl (!"-MILLI!Y~ S3, KILr)YETEf?S). 
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OSTA- 1 OPTICAL EXPERIENTS 

EFFECT OF SHUTTLE EtlVlRObEWT 

EXPER IrlENT EXPOSURE TIYE COMPAR I SON REMARKS 
OF OPTICS, HRS. PRF ? POST- 

FL I CHT TALIP.RATI r3FP 

P24PS 39 

OCE 8 

F I L E  42 

SMIRR 5 

C'INST, 'f 1TWN 17 MIST, PALLET TErlPERPTUQF 
FLIJCTUATIDDJT. SCOPCY M W ' ,  

OFI SETA CL'ITH. 

CnEST. WITHI# 0.59 9'3 DUST, UNAFFECTV ?Y 
TEflP. FLI!CTUATIO& 

CCNSTANT W T H I N  MI r)UST. 
'J CFllNTS, (PEAK PALLET TEMP, FLVCTVATION'. 
S 1 V A L  LE'FL - 7 W  
COUNTS) 

-2 YEARS BETWEEN PRE- AND POST-FLIGHT CALIRR4Tl'Wl, F l L T E Q  ~EGRA')PTIO?I 'fl 
GROUND STORAGE SUSPECTED 

SHUTTLE-BASED EXPFR IlrENTS : LESSONS LEARNEO FROY OSTA- 1 

0 FLIGHT SIPULATIONS ESSFHTIAL 
9 EX?Ei?I!FMT REPLANNIfK DP.I\CTiCE 

0 GROIJND C'INTROL OF EYPEPIPEFITS PESIREASLE 
@ PlALFUNCTJOMT 'IF TOTALLY AUTOVATEn FVPFQI'ENTS C4'JllQT 

RE FIXED In! FLISHT 

0 ALARM L I M I T S  FOR EYPERI'IEMTS Ml'ST BE REALISTIC 
4 CPEGl LOSES INTEREST AFTEn A FEY A L A V S  
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OSS-l/CONTAMINATION MONITOR 

R. Kruger, J. Triolo, and R. McIntosh 
NASA/Goddard Space Fligfit Center 

1 Preceding page blank 
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Principal Investigator 
Jack fr i o  lo. NASI/GWC 

Co-Investigators 
Raymond Rruger, NASA/GSFC 
C a r l  Wag. 3 9  
Capt . Paul Porzio. USAF/SD 

Instrument Engineer 
Roy WC Intosh, NASAKSFC 

O ~ c r a t  ions Assistance 
C t  (. Edward C h r i s t .  USAF/SD 
Amelia Phi l l l iDs .  JR 

This  f i g u r e  shows t he  major  p a r t i c i p a n t s  i n  t h e  program. 

1 Preceding page blank 
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This  figure shows a view of t he  Columbia and many parts of the OSS-1 pallet. 
The Contaminat ion Monitor Package (CMP) i s  the small box shown w i t h i n  the circle, 

The CMP effort was sponsored by the USAF; there were two major objectives: 

To monitor the mass b u i l d - u p  or accretion of condensible, volatile 
materials on surfaces i n  the Shuttle bay during a l l  phases of ascent, 
on-orbi t , and descent. 

a, 

b. To demonstrate the usefulness of a "small box" contaminat ion monitor 
as an operational device for contamination management and control. 
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This  i s  a v i e w  o f  t h e  CMP. It i s  rough ly  20 cm h igh ,  18 cm wide, and 30 cm long 
( 8 x 7 ~ 1 2  inches) .  
i s  about 7 wat ts .  The box i t s e l f  i s  p a s s i v e l y  t h e r m a l l y  c o n t r o l l e d  us ing  s i l v e r  
t e f l o n  f o r  r a d i a t i n g  sur faces  and a lumin ized kapton m u l t i - l a y e r  i n s i i l a t i o n  f o r  
r a d i a t i o n  i s o l a t i o n .  

It weighs about 7 k g  (15 pounds). The average power consumption 

The inst ruments i nc luded  two p a s s i v e l y  c o n t r o l l e d  w i tness  samples (which w i l l  not  
be discussed he re )  and f o u r  a c t i v e l y  temperature c o n t r o l  1 ed q u a r t z  c r y s t a l  m ic ro-  
balances (TQCM). The TQCM temperatures can be v a r i e d  from -60OC t o  +80oC. Th is  
c o n t r o l  can be exerc ised by te lemet ry  f rom t h e  ground; t h e r e  i s  no crew i n v o l v e -  
ment. The d a t a  was recorded on t h e  OSS-1 tape recorder  f o r  l a t e r  playback on t h e  
ground, recorded on t h e  O r b i t e r  t ape  recorder  f o r  playback from o r b i t ,  and was 
te lemetered i n  r e a l - t i m e  d u r i n g  passes over  ground s t a t i o n s .  

The TQCM's have a s e n s i t i v i t y  o f  1.56~10-9g.cm-2.Hz-~, and t h e  da ta  was recorded 
t o  +1 Hz. 
denF i ty  (g.cm-z>, much o f  t h i s  r e p o r t  w i l l  be i n  terms o f  nm/lO ( o r  Angstrom 
u n i t s )  o f  th ickness ,  assuming a contaminant d e n s i t y  o f  1.0g.cm-3. 

Whi le  t h e  more bas i c  u n i t  of measure f o r  t h e  TQCM i s  a sur face l o a d i n g  
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T h i s  f i g u r e  shows t h e  a c c r e t i o n  i n d i c a t e d  by t h e  f o u r  TQCM's d u r i n g  t h e  
launch and e a r l y  o r b i t a l  phase. Note t h a t  t h e  zero  v a l u e  has been 
s e t  as t h e  va lues  i n d i c a t e d  by t h e  TQCM's a t  about 4 minutes p r i o r  t o  
launch. 
t o  be c o n t r o l l e d  a t  +15OC d u r i n g  t h e s e  phases. 

(Launch occur red  a t  081 :16:00:00 GMI.) The TQCM's were s e t  

C e r t a i n  segments o f  t h e  da ta  have been l o s t .  
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000: 04: 29: 16 

OSS-1 Thermistor 617 

The STS-3 miss ion  invo lved t h r e e  major  a t t i t u d e s  w i t h  respect t o  t h e  sun f o r  
t h e  purpose o f  v e r i f y i n g  t h e  O r b i t e r  thermal design. These were: t a i l  t o  t h e  sun 
(TTS) w i t h  t h e  o r b i t e r  bay always fac ing  away from t h e  ear th ;  nose t o  t h e  sun (NTS) 
where t h e  r o l l  r a t e  al lowed t h e  o r b i t e r  t o  view t h e  ear th ,  and bay t o  sun (BTS) 
where t h e  o r b i t e r  bay faced t h e  sun. The ITS c o n d i t i o n  prov ided a very c o l d  con- 
d i t i o n ,  NTS a moderately c o l d  cond i t i on ,  and BTS a very ho t  cond i t ion .  

These cond i t ions  a re  r e f l e c t e d  i n  t h e  temperatures i n d i c a t e d  by OSS-1 t h e r m i s t o r  
$17 which was at tached t o  a p iece  o f  equipment under t h e  thermal b lanke t  on t h e  
pal 1 et.  

For  about t h e  f i r s t  day (TTS) t h e  temperatures dropped sharp ly .  
by a Passive Thermal Cont ro l  (PTC) mode t h a t  prov ided a more benign thermal 
environment i n d i c a t e d  by t h e  r i s e  i n  temperature. Th is  was fo l lowed by about 
3-1/4 days i n  t h e  NTS a t t i t u d e  shown by t h e  cool-down. 
BTS c o n d i t i o n  f o r  about a day w i t h  a warming t rend.  PTC, TTS, BTS, and o the r  
a t t i t u d e s  fo l lowed u n t i l  deorb i t .  

Th is  was fo l lowed 

Th is  was fo l lowed by t h e  

The importance of  these temperatures i s  t h a t  they i n f l u e n c e  t h e  outgassing ra tes  
of t h e  var ious  ma te r ia l s ,  and so i n f l uence  t h e  measurements mgde by t h e  CMP. 
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OSS-1 ThermistorR2B 

It i s  i n t e r e s t i n g  t o  look  a t  da ta  from OSS-1 p a l l e t  t he rm is te r  #28 which b a s i c a l l y  
measures t h e  temperature o f  low thermal mass m u l t i - l a y e r  i nsu la t i on .  Here we 
can see wide f l u c t u a t i o n s  i n  r a p i d  response t o  t h e  var ious  O r b i t e r  o r i en ta t i ons ,  
These a re  more s p e c i f i c  i n  t h e  expanded t ime-scale p o r t i o n  o f  t h e  cha r t  where 
t h e  f l u c t u a t i o n s  w i t h  each o r b i t  become apparent. 
appear t o  be c o r r e l a t a b l e  t o  o ther  O r b i t e r  maneuvers such as those f o r  alignment 
o f  t h e  I n e r t i a l  Measurement U n i t  (IMU). 

Other temperature v a r i a t i o n s  

As one might  expect, o the r  temperature da ta  e x i s t s  f o r  i tems w i t h  very h i g h  
thermal i n e r t i a  and these show r e l a t i v e l y  small changes w i t h  O r b i t e r  a t t i t u d e .  

Since outgassing i s  a s t rong  f u n c t i o n  o f  temperature, we can expect t o  see 
s i g n i f i c a n t  d i f f e r e n c e s  w i t h  o r b i t e r  a t t i t u d e  as indeed we do. 
so many d i f f e r e n t  t m p e r a t u r e s  and outgass ing sources e x i s t ,  one would expect 
t o  be ab le  t o  p r e d i c t  on l y  general trends. 
dep le t i on  o f  an outgass ing source w i l l  occur  w h i l e  t h e  temperature i s  increas ing.  
These competing e f f e c t s  add t o ’  t h e  unce r ta in t y  o f  p r e d i c t i n g  what w i l l  occur. 

However, s ince  

It i s  poss ib le  t h a t  i n  some cases, 
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The published proceedings o f  t h i s  meeting conta in  data on 8 days of t he  mission 
so t h a t  they may be reviewed by t h e  reader more ca re fu l l y .  
time, only some s i g n i f i c a n t  po in ts  w i l l  be h igh l igh ted  i n  the  presentation. 

This f i gu re  i s  ra the r  complicated i n  order t o  inc lude many o f  t h e  parameters 
tha t  bear on t h e  TQCM data. 

S ta r t i ng  a t  t h e  bottom, t h e  Mission Elapsed Time (MET) i s  shown on the  abcissa 
and includes t h e  day and t h e  hour o f  t h e  day. 
i s  labeled "Accretion." 
o r  Angstrom u n i t s  assuming a mater ia l  dens i ty  o f  lg.cm-3) occurr ing between 
t h e  two downward po in t i ng  arrows ahove t h e  p r in ted  values, 
e i t h e r  p o s i t i v e  o r  negat ive i nd i ca t i ng  mater ia l  being added t o  t h e  TQCM o r  leaving 
it. 
(1-1/2 o r  3 hours). 
and thereby minimize correct ions.  S i m i l a r l y ,  most data po in ts  used i n  t h i s  repor t  
are selected from t h e  dark po r t i on  o f  t h e  o r b i t .  

Immediately above i s  t h e  approximate temperature o f  t h e  sensing surface of t h e  
TQCM. The TQCM's were a c t i v e l y  con t ro l l ed  t o  +15OC a t  launch. Changes i n  o r b i t  
were commanded by t e l  emetry. 

Day and n igh t  are shown next w i t h  the  dark l i n e  i nd i ca t i ng  t h e  shadow po r t i on  of 
t h e  o r b i t .  A t t i t u d e  i s  shown next. 
v e r t i c a l )  i s  shown f i r s t ;  t h e  PTC, TTS, NTS, and BTS descr ipt ions are as noted 
before. "GG" i s  a g r a v i t y  gradient mode. 

F i n a l l y ,  a t  t h e  very top  are  notes i n d i c a t i n g  events dur ing t h e  flight--"PLflD" a re  
bay door a c t i v i t i e s ,  IMU and COAS r e f e r  t o  Orb i te r  a t t i t udes  taken f o r  purposes 
of t he  I n e r t i a l  Measurement Un i t  and t h e  C r e w  Opt ical  Alignment System. S I A  i s  
an a t t i t u d e  taken f o r  ob ta in ing  c e r t a i n  instrument measurements. 
t o  t h e  Remote Manipulator System. 

Other notes (DSCr, LZU, VRCS, etc.) r e f e r  t o  o ther  operations t h a t  af fected t h e  
Orb i te r  A t t i tude ,  
In tegra ted  Environmental Contamination Monitor operations. 

As yet ,  no accret ions have been noted t h a t  could be re la ted  t o  RMS, POP, VCAP, 
o r  s i m i l a r  operations w i t h  any ce r ta in t y .  
i n  t h e  notes. 

The accretions shown are general ly below 2 n m / l O  (Angstrom u n i t s )  w i th  the  TQCM's 
a t  OOC and t h e  Orb i te r  i n  t h e  TTS a t t i tude .  

I n  t h e  i n t e r e s t  o f  

The f i r s t  sec t ion  o f  t h e  ord ina te  
The values shown are t h e  net accretions (given i n  m/lO 

These values may be 

The arrows, i n c i d e n t a l l y ,  a re  genera l l y  one o r  two o r b i t s  apart i n  t ime 
This i s  done t o  choose thermal condi t ions which are s i m i l a r  

ZLV ( the  Orb i te r  Z ax is  i n  t h e  l oca l  

RMS notes r e f e r  

The " I E C M  ops" note re fe rs  t o  t h e  gas release phase o f  t he  

None o f  these are there fore  included 
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Day 1 

W h i l e  i n  t h e  NTS mode, a bake-out o f  t h e  TQCM’s was conducted. T h i s  involved r a i s i n g  
t h e i r  temperatures t o  + 6 0 0 C  t o  d r i v e  o f f  accreted mater ials.  
happen rap id ly  and, possibly except for t h e  value o f  -13 f o r  TQCM 3,  i s  not 
s p e c i f i c a l l y  seen on t h i s  chart .  

T h i s  appears t o  
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Day 5 

C LD r. 

On day 5, t h e  Orb i te r  took t h e  BTS o r ien ta t i on .  
TQCM's can be seen dur ing  the  f i r s t  sec t ion  marked "BTS." 
temperatures were ra ised t o  O°C and then +15OC, these accret ions continue. 

The immediate response o f  the  
Even when the  TOCM 

0 
C 0 a 
A 0 

d 

m 
%I 
J 3 L 
a c( 

Att i tude 

Day /N ight  

. - - _ - . . _ . _  . . . .  _ .  . . . . .  . .  . . . 
0 2 4 fi H 10 12 14 l(i 1 0  20 22 ;'4 

Time o f  Uay. WET flour 

On day 6, t h e  Orb i te r  l e f t  t h e  RTS cond i t ion  and t h e  TQCM accret ions show an 
immediate response. 
d i f f e r e n t  temperatures i n  preparat ion fo r  deorb i t .  However, because o f  landing 
s i t e  condi t ions,  deo rb i t  was delayed f o r  1 day. 

Towards t h e  end o f  t h e  day the  TQCM's were a l l  set  t o  
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Day 7 

The data shown f o r  day 7 i s  taken from t h e  r e a l - t i m e  transmissions. 
a v a i l  ab le o n l y  when t h e  O r b i t e r  passed over an appropr ia te  ground s t a t i o n .  

These are  

The TQCM's temperatures were rese t  on day 7 f o r  d e o r b i t  which occurred a t  about 
2300 hours. 

F a 
ea 
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I n  order  t o  see some o f  t h e  longer- term t rends ,  t h e  da ta  f o r  t h e  f o u r  TQCM's 
was p l o t t e d  s e l e c t i n g  po r t i ons  about 10 o r b i t s  apar t  ( t o  s i m p l i f y  t h e  data 
reduc t ion  process). The da ta  shown have been normalized by s e t t i n g  them a l l  
t o  zero a t  one t i m e  (day 0, 06:46:17). 

The t h r e e  bake-outs t h a t  were conducted are  shown on t h i s  char t .  

There i s  a general downward t r e n d  f o r  TQCM 1 i n t o  day 5 and a general upward 
t rend  f o r  TQCM's 2, 3, and 4. 
them i n  t h e  pe r iod  from about day 5-1/2 t o  day 6-1/2. 
BTS c o n d i t i o n  and occurs when we would expect outgassing t o  increase. 

Most s t r i k i n g  i s  t h e  upward t r e n d  f o r  a l l  of 
Th is  corresponds t o  t h e  
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rime D i  f f erence -- Thickness D i f f e r e n c e ,  pm/10 (Angstrom U n i t s )  

TQCM 1, A f t  TQCM 3, Out TQCM 4. Stbd 

lay 2 t o  Day 4 -5 

lay 2 t o  Day 7 4-89 

-10 

+40 

+7 

4-59 

Thickness D i f f e r e n c e s  Between Bake-outs 

It i s  most i n t e r e s t i n g  t o  no te  t h e  r e s u l t s  of t h e  t h r e e  bake-outs conducted on 
days 2, 4, and 7. 

The d i f f e r e n c e  i n  t h e  th icknesses i n d i c a t e d  by t h e  TQCM's a f t e r  a p e r i o d  a t  +60OC 
between days 2 and 4 show two a t  a lower  th ickness  on t h e  l a t e r  da te  and one w i t h  
an inc rease i n  7 nm/lO (Angstrom u n i t s ) .  
even w i t h  bake-out, t h e r e  was a ne t  inc rease o f  40 t o  89 nm/lO (Angstrom u n i t s )  
between days 2 and 7. Th is  inc ludes  t h e  p e r i o d  when t h e  O r b i t e r  was i n  t h e  RTS. 
(TQCM 2 data i s  no t  presented because i t s  temperature was not  a t  t60OC d u r i n g  
bake-outs on days 4 and 7.) 

However, t h e  second l i n e  shows t h a t ,  

M r .  Car l  Maag o f  JPL w i l l  con t inue t h i s  p resen ta t i on  and w i l l  d iscuss da ta  taken 
du r ing  ascent and descent and w i l l  p resent  t h e  conclusions. 
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The data on t h i s  f i g u r e  i s  referenced back t o  approximately 4 minutes p r i o r  
t o  launch. 
TQCM 4 t o  +15oC i n  p repara t ion  f o r  entry.  
these temperatures through t h e  land ing  phase. 

TQCM 1 was s e t  t o  OOC, TQCM 2 t o  -1OOC, TQCM 3 t o  - 5 O C ,  and 
The system was designed t o  ho ld  

The data has no t  been co r rec ted  f o r  temperature e f fec ts  on t h e  TQCM. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  not even TQCM 2 a t  -1OOC showed a very l a r g e  
increase or stopped o s c i l l a t i n g  by t h e  t ime  o f  end o f  data. This  i n d i c a t e s  
t h a t  t h e  dew p o i n t  was below -1OOC f o r  t h e  per iod  over which t h e  data was 
taken. 

RESULTS 

c ALL OBJECTIVES OF. CMP WERE MCT. PRINCIPALLY TllAT OF 
DEMONSTRATING THE USEFULLNESS OF AN OPERATIONAL 
MONITOR FOR CONTAMINATION MANAGEMENT AND CONTROL 

MASS ACCRETION HIGHLY WPENWNT UPON ORBITER ATTITUDE 
AND TEMPERATURE 

SOLAR VIEWING ATTACHED PAYLOADS MAY BE SUBJECT TO 
IRREVERSIBE DEGRADATION BY NON-REhWVABLE DEPOSITS 

The major r e s u l t s  based on t h e  da ta  reduc t ion  t o  da te  a re  expressed on t h i s  
f igure .  
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TEST FOR COPTAMINATION OF MgF2 - COATED MIRRORS 
A. Bunner, Perkin-Elmer Corporation 

J. I). Bartoe, NRL 
J, Triolo, Goddard Space Flight Center 
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TEST FOR CONTAMINATION OF McF, - COATED MIRRORS 

J, -D, BARTOE, EIRL 
J, TRIOLO, GSFC 
A. N, BUNHER, PERKIII-ELMER 

BO FLINT, ACTON RESEARCH 

PRE-FLIGHT REFLECTIVITIES MEASURED: AUGUST 1981 

STS-3 FLIGHT: 2 2  MARCH-30 MARCH 1982 

POST-FLI GHT REFLE&TlVITIES MEASURED: JULY-SEPTEMBER 1982 

OSS-1 PALLET PAYLOAD 

1 Preceding page blank 
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OSS-1 CONTAMINATION MONITOR 

MIRROR 
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FLIGHT P?l RRORS 

REFLECTIVITIES IN PERCEWT 

BEFORE FLIGHT AFTER FLIGHT 

SAMPLE 1150 1 1216 8 1600 1 2200 8 1150 8 1216 1 1600 8 2200 8 
A EXPOSED ~ 7 0 ,  C1,7 77. 86,l 66.5 80. 76.5 85.3 

A COVERED ~ 7 0 .  81,7 77, 86,l 59.4 77.2 72,2 87,2 

4 EXPOSED 55'8 72-9 74, 86.6 57.4 67,9 73,9 83.2 

4 COVERED 55,8 72,9 74, 86,6 57.2 67,8 71.2 84,1 
4 

ALL VALUES ARE +_22x, 

"EXPOSED" = EXPOSED TO SUN iri FLIGHT, 

ALL VALUES ARE CORRECTED K A N S  OF E?EASUREMENTS AT P-E AFlD ACTON. 

CONTROL MIRRORS 

REFLECT I V  I T I ES 1 N PERCENT 

I 

I BEFORE FLIGHT I AFTER FLIGHT 

1216 1000 8 I 2200 1 
69.6 70.1 85.6 

81-2 74.5 87,2 
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(FINGERPRINT) 

A L L  VALUES ARE ?2%, 

"EXPOSED" - NOT COVERED BY ALUMINUM SHADE, 

A L L  VALUES ARE CORRECTED FIEANS OF PEASUREMENTS AT P-E AND ACTON. 



OBSERVATIONS 

1. 

2, WEAK EVIDENCE (~1,801 FOR DEGRADATION AT 1216 1 !,!ID 1600 1 
NO CHANGES >1,80 OBSERVED, EXCEPT FOR FINGERPRINT. 

FOUND I11 SEVERAL SAMPLES, 

NO SIGNIFICANT DIFFERENCE BETVIEEN FLIGHT MIRRORS AND CONTROL 
MIRRORS , 

COVERED SANPLES SUFFERED PlORE THAN SAMPLES EXPOSED TO SUN, BUT 
DIFFERENCES BARELY SIGNIFICANT, 

EXPOSED SIDE OF FLIGHT MIRRORS FOUND TO BE SOMEWHAT DUSTY, 

3. 

4, 

5 ,  

COKLUS IONS 

1, 

2. 

NO EVIDENCE FOR PERMANENT __. SOLAR- INDUCED DETERIORATION 

NO EVIDENCE FOR PERWlNEFIT SHUTTLE-INDUCED DE7ERIORATION, 

NO EVIDENCE ON OIL-PUMPED VACUUM VERSUS OIL-FREE VACUUM DURING 3 ,  
COAT I NG 
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VEHICLE CHARGING AND PQnNTIAb ON THE STS-3 MISSION 

Roger Williamson 
Stanfprd University 

1 Preceding page. blank 
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VEHICLE CHARGING AND POTENTIAL ON THE STS-3 MISSION 

P.R. Williamson and P.M. Banks 
STAR Laboratory/SEL, Stanford Univers i ty ,  S tanford ,  CA 94305 

W . J .  Raitt 
Center  f o r  Atmospheric and Space Science 

Utah S t a t e  Univers i ty ,  Logan, UT 84322 

The Vehicle  Charging And P o t e n t i a l  (VCAP) experiment flown on t h e  
STS-3 mission was designed t o  s tudy  t h e  e lec t r ica l  i n t e r a c t i o n  o f  t h e  
s h u t t l e  o r b i t e r  w i th  t h e  low e a r t h  o r b i t  environment. The i n t e r a c t i o n  of  a 
l a r g e ,  o r b i t i n g  body with t h e  low e a r t h  space environment is not  w e l l  
known. With t h e  i n i t i a t i o n  o f  an ope ra t iona l  era i n  space,  i t  i s  necessary 
t h a t  w e  understand ( 1 )  t h e  pe r tu rba t ions  produced by t h e  o r b i t e r  as i t  
moves through t h e  near e a r t h  environment, ( 2 )  t h e  environment as provided 
t o  ins t rumenta t ion  opera t ing  i n  t h e  payload bay of  t h e  o r b i t e r  and (3 )  t h e  
e f f e c t s  t h a t  t h e  environment e x e r t s  upon t h e  o r b i t e r  i t s e l f .  Future  
missions which depend upon knowledge of t h e  e l e c t r i c a l  i n t e r a c t i o n  of  t h e  
o r b i t e r  with t h e  space environment inc lude  those wi th  h igh  power charged 
p a r t i c l e  beam experiments and o t h e r s  with long antennas ope ra t ing  a t  h igh  
vo l t ages  i n  t h e  VLF frequency range. Also, when ope ra t ions  begin with 
o r b i t  i n c l i n a t i o n s  above about 50 degrees ,  l a r g e  f l u x e s  o f  e n e r g e t i c  
e l e c t r o n s  (and protons)  w i l l  bombard t h e  o r b i t e r  when t h e  v e h i c l e  is a t  
h igh  magnetic l a t i t u d e s .  I n  t h e  p a s t ,  s a t e l l i t e s  have been adverse ly  
a f f e c t e d  by e l e c t r i c a l  d i scharges  induced by e n e r g e t i c  p a r t i c l e  bombardment 
and these  problems present  s imilar  concerns f o r  t h e  d i e l e c t r i c  covered 
o r b i t e r .  The VCAP experiment on STS-3 w a s  designed t o  s tudy  t h e  
i n t e r a c t i o n s  between t h e  o r b i t e r  and t h e  environment which a r e  of 
importance t o  understanding these  problems. 

INSTRUMENTATION 

An e l e c t r o n  gun wi th  fast  pu l se  c a p a b i l i t y  was used i n  t h e  VCAP 
experiment t o  a c t i v e l y  pe r tu rb  t h e  veh ic l e  p o t e n t i a l  i n  o rde r  t o  s tudy  
d i e l e c t r i c  charging,  r e t u r n  cu r ren t  mechanisms and t h e  techniques requi red  
t o  manage t h e  e l e c t r i c a l  charging of  t h e  o r b i t e r .  Return c u r r e n t s  and 
charging of  t h e  d i e l e c t r i c s  were measured during e l e c t r o n  beam emission and 
plasma c h a r a c t e r i s t i c s  i n  t h e  payload bay were determined i n  t h e  absence of  
e l e c t r o n  beam emission. 

The VCAP ins t rumenta t ion  as flown on t h e  OSS-1 p a l l e t  during STS-3 
inc ludes  f i v e  sepa ra t e  p i eces  of hardware: 

1 .  F a s t  Pulse  Elec t ron  Generator (FPEG) - The FPEG (Figure  1 )  
c o n s i s t s  o f  two independent e l e c t r o n  guns which are of  t h e  diode 
conf igu ra t ion  with a d i r e c t l y  heated tungs ten  f i lament  and a 

' I Preceding page blank 
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2. 

tantalum anode. The two guns, designated as FPEG 1 AND FPEG 2 
emit e l e c t r o n s  wi th  an  energy of 1000 eV a t  c u r r e n t s  of  100 mA and 
50 mA, r e spec t ive l ey .  The e l e c t r o n  beams a r e  co l l imated  t o  a beam 
width of about 5 degrees by focus c o i l s  mounted j u s t  beyond t h e  
anodes. Each gun i s  con t ro l l ed  by a 37 b i t  s e r i a l  command word 
which s e l e c t s  t h e  gun t o  be used,  c o n t r o l s  f i l ament  and h igh  
vo l t age  power supp l i e s ,  determines t h e  on t i m e ,  o f f  t i m e  and 
number o f  pu l se s  o f  t he  beam. The times a r e  c o n t r o l l a b l e  i n  32 
logar i thmic  s t e p s  from 600 nanoseconds t o  107 seconds and t h e  
number of pu l se s  is  c o n t r o l l a b l e  i n  powers of two from 1 t o  
32,768. The r ise and f a l l  times f o r  t h e  e l e c t r o n  beam a r e  100 
nanoseconds s o  t h a t  very  s h o r t  pu l se s  (and t h e r e f o r e  small 
increments of charge) can be emit ted.  

Charge Current Probes (CCPl and CCP2) -. Each Charge Current Probe 
(CCP) c o n s i s t s  o f  two ad jacent  s enso r s  --- one m e t a l l i c  and one 
d i e l e c t r i c  --- as shown i n  F igure  2. The c u r r e n t  f lowing t o  t h e  
m e t a l l i c  sensor  i s  used as an  i n d i c a t i o n  of  t he  r e t u r n  c u r r e n t  t o  
exposed metal s u r f a c e s  on t h e  o r b i t e r .  The d i e l e c t r i c  s enso r  
provides  a measurement o f  t h e  charge accumulation on d i e l e c t r i c  
s u r f a c e s  of  t h e  o r b i t e r ,  t h e  m a t e r i a l  used f o r  t h e  charge probe 
d i e l e c t r i c  is  from t h e  same batch of  F l e x i b l e  Reusable Surface  
I n s u l a t i o n  (FRSI) t h a t  was used on t h e  Columbia (OV-102) and 
covers  payload bay doors  and upper wing s u r f a c e s  (F igure  3). 
Both of t h e  CCP senso r s  respond t o  changes i n  t h e  o r b i t e r  
p o t e n t i a l  wi th  r ap id  time response.  Measurement rates were s e t  a t  
60 samples p e r  second b u t  peak hold measurements of c u r r e n t  
and charge were made which allowed sp ikes  longer  than  100 
nanoseconds t o  be captured.  

t h e  

both  

The Charge Probe measures d i r e c t l y  t h e  charging of  a p i ece  of  
FRSI. S ince  t h i s  is  t h e  same material as covers  t h e  payload bay 
doors  and upper wing s u r f a c e s ,  w e  assume t h a t  measurements made on 
t h e  FRSI i n  t h e  payload bay are  i n d i c a t i v e  o f  t h e  behavior  o f  t h i s  
same m a t e r i a l  on t h e  o r b i t e r .  The FRSI material on t h e  Charge 
Probe covers  a n  i s o l a t e d  metal p l a t e  which is  connected t o  t h e  
i n p u t  of a charge a m p l i f i e r  (F igu re  4). When a charge is  induced 
on s u r f a c e  of t h e  d i e l e c t r i c  a similar ( b u t  oppos i te )  amount 
of charge is  induced on t h e  metal p l a t e .  The charge a m p l i f i e r  
conver t s  t h e  charge t o  a vo l t age  which i s  the source  o f  t he  d a t a  
shown f o r  t h e  CCP measurement of v e h i c l e  p o t e n t i a l .  If t h e  
v e h i c l e  p o t e n t i a l  changes and t h e  surrounding plasma provides  a 
c u r r e n t  t o  charge t h e  s u r f a c e  of t h e  d i e l e c t r i c ,  then  t h e  
p o t e n t i a l  measured by t h e  Charge Probe i s  an a c c u r a t e  measurement 
of t h e  v e h i c l e  p o t e n t i a l .  If an  e l e c t r i c  f i e l d  e x i s t s  a t  t h e  
s u r f a c e  of  t h e  FRSI, then  t h e  measured p o t e n t i a l  is  less  than t h e  
a c t u a l  v e h i c l e  p o t e n t i a l .  

t h e  

Two sets of t h e  CCP (designated CCPI and CCP2) were used wi th  
CCPl mounted ad jacent  t o  t h e  FPEG and CCP2 mounted on t h e  oppos i t e  
co rne r  o f  t h e  p a l l e t  as fa r  away from t h e  FPEG as  poss ib le .  These 
probes provide measurements of  v e h i c l e  p o t e n t i a l  changes and 
r e t u r n  c u r r e n t s  induced by ope ra t ion  o f  t h e  FPEG wi th  h igh  t ime 
r e s o l u t i o n  a t  vo l t ages  up t o  1000 v o l t s  and c u r r e n t s  up t o  4 mA. 
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3. Spher ica l  Retarding P o t e n t i a l  Analyzer (SRPA) - The Spher i ca l  
Retarding P o t e n t i a l  Analyzer (F igure  5) measures t h e  d e n s i t y  and 
energy of i ons  and provides  a n  abso lu te  va lue  f o r  t h e  v e h i c l e  
p o t e n t i a l  as w e l l  as a measurement of  t h e  plasma environment i n  
t h e  payload bay. The SRPA has  a 19 c m  diameter  s p h e r i c a l  
c o l l e c t o r  surrounded by a 20 cm diameter  s p h e r i c a l  g r i d .  The 
b i a s ing  vo l t ages  appl ied  t o  these  e l e c t r o d e s  r e s u l t  i n  t h e  
c o l l e c t i o n  of  p o s i t i v e  i o n s  by t h e  c o l l e c t o r .  I n  t h e  frame of  
re ference  o f  t h e  o r b i t e r  t h e  dominant ambient i o n  O+ w i l l  have a 
d r i f t  energy of approximately 5 eV. This  energy is r e l a t e d  t o  t h e  
o r b i t e r  v e l o c i t y ,  which is  w e l l  known, s o  any d e v i a t i o n  of  t h e  O+ 
d r i f t  energy from t h e  expected va lue  g i v e s  a measure o f  t h e  
e l e c t r i c a l  p o t e n t i a l  o f  t h e  o r b i t e r  s t r u c t u r e  r e l a t i v e  t o  t h e  
ionosphere.  A Langmuir probe is  a t tached  t o  t h e  SRPA. This  probe 
i s  a small, s p h e r i c a l  probe which measures t h e  d e n s i t y  and 
temperature of  e l e c t r o n s  and provides  a c r o s s  check on t h e  v e h i c l e  
p o t e n t i a l .  The SRPA/Langmuir probe instrument  is  mounted on a 
corner  of t h e  p a l l e t  as far  from o t h e r  s u r f a c e s  as p o s s i b l e  t o  
g ive  t h e  b e s t  oppor tuni ty  t o  acqui re  d a t a  uncontaminated by wake 
effects.  

4. D i g i t a l  Control  I n t e r f a c e  Unit  ( D C I U )  - The D i g i t a l  Control  
I n t e r f a c e  Unit  provided a l l  s i g n a l ,  command and power i n t e r f a c e s  
between the  VCAP instrument  and t h e  p a l l e t .  Power switching and 
command decoding were done i n  the  D C I U .  Three microprocessors  
(1802 type)  were used i n  t h e  DCIU.  The c o n t r o l  microprocessor 
s to red  sequences of time-tagged serial  commands i n  both ROM and 
RAM. These sequences of commands could be i n i t i a t e d  i n  response 
t o  a s i n g l e  command s e n t  from a source e x t e r n a l  t o  t h e  D C I U  and 
perform a s e r i e s  of ope ra t ions  such as FPEG pu l s ing ,  g a i n  changing 
and r e s e t s .  A second microprocessor was used t o  c o n t r o l  t h e  
o f f s e t  of t he  SRPA sweep vo l t age .  The t h i r d  microprocessor was 
used t o  monitor temperatures ,  vo l t ages  and c u r r e n t s  and t o  s e t  out  
of  limit f l a g s  passed as b i - l e v e l  s i g n a l s  t o  t h e  o r b i t e r  GPC f o r  
d i s p l a y  and alarm s igna l ing .  

Placement of t h e  ins t rumenta t ion  on t h e  OSS-1 p a l l e t  is shown i n  
Figure 6. The SRPA (and Langmuir probe) i s  on one co rne r  o f  t h e  p a l l e t  
( f a r  l e f t  i n  t h e  f i g u r e ) .  The CCP's occupy p o s i t i o n s  on two oppos i t e  
co rne r s  of t h e  p a l l e t ,  one on t h e  lower r i g h t  i n  t h e  f i g u r e  and t h e  o t h e r  
p a r t i a l l y  hidden a t  t h e  t o p  of  t h e  f i g u r e .  The e l e c t r o n  gun (FPEG) i s  
adjacent  t o  t he  CCP a t  t h e  lower r i g h t  and is  shown wi th  a c i r c u l a r  gun 
head. 

MEASUREMENTS 

Pass ive  and a c t i v e  ope ra t ions  were performed during OSS-1. The SRPA 
and CCP's were opera t ing  throughout t h e  mission and d a t a  obtained when t h e  
e l e c t r o n  gun was no t  being operated determine t h e  c h a r a c t e r i s t i c s  of  t h e  
o r b i t e r  and the payload bay environment i n  t h e  absence of  pe r tu rba t ions  
from a c t i v e  experiments. 
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SRPA d a t a  taken i n  pass ive  mode with the  payload bay i n  t h e  ram 
d i r e c t i o n  ( t h e  d i r e c t i o n  of t he  v e l o c i t y  vec to r )  are shown i n  F igures  7 and 
8. 7) t h e  SRPA s i g n a l  is r e l a t i v e l y  h igh  as compared 
t o  t h e  expected ambient measurement and does not  show t h e  peak a t  ene rg ie s  
around 5 v o l t s  where t h e  peak s i g n a l  assoc ia ted  wi th  the  atomic oxygen ion  
should be. The Langmuir probe d a t a  show t h a t  t h e  v e h i c l e  p o t e n t i a l  is  
o f f s e t  by about 0.5 v o l t  from the  ambient plasma a t  t he  l o c a t i o n  of  t h e  
SRPA. A t  n igh t  (Fig.  8) t h e  measurements are much lower and i n  some cases  
t h e  O+ peak of  atomic oxygen i o n s  can be seen. The s h i f t  i n  t he  peak o f  
t h e  O+ i o n s  and t h e  s h i f t  i n  t h e  Langmuir probe sweep i n d i c a t e  t h a t  t h e  
v e h i c l e  p o t e n t i a l  has  been s h i f t e d  by about 1 v o l t .  

I n  t h e  daytime (Fig.  

A s  t h e  o r b i t e r  r o l l s  very  s t r o n g  ram/wake effects  are observed on 
plasma i n  t h e  v i c i n i t y  of t h e  payload bay. Averages of  t h e  SRPA and 
Langmuir probe d a t a  a r e  shown i n  F igure  9 and show t h i s  dramatic  v a r i a t i o n .  
The SRPA i o n  c u r r e n t  is  shown i n  two d i f f e r e n t  channels  c a l l e d  IPL and IPH 
f o r  i o n  probe low and i o n  probe high.  These channels  are two d i f f e r e n t  
range measurements o f  t h e  same s i g n a l .  The Langmuir probe c u r r e n t  i s  shown 
i n  t h e  LP da ta  and r e p r e s e n t s  t h e  d e n s i t y  of  e l ec t rons .  I n  t h e  PTC mode 
t h e  o r b i t e r  r o l l s  about t h e  X a x i s  a t  0.4 degrees  p e r  second. A s  t h e  
payload bay a l t e r n a t e s  between t h e  ram d i r e c t i o n  and t h e  wake of  t h e  
v e h i c l e ,  t h e  i o n  and e l e c t r o n  c u r r e n t s  a l t e r n a t e  between h igh  and low 
values .  In  t h e  daytime t h e  SRPA IPL channel s a t u r a t e s .  When t h e  o r b i t e r  
i s  i n  shadow t h e  most s e n s i t i v e  channel of  t h e  SRPA (IPH) shows no 
measurable s i g n a l .  The measurements from t h e  Langmuir probe a r e  less 
s e n s i t i v e  but  show similar behavior.  

Measurements o f  t h e  v e h i c l e  p o t e n t i a l  o f f s e t  ind ica te  t h a t  t h e  main 
engine nozz les  provide a r e fe rence  p o t e n t i a l  t o  t h e  ionospher ic  plasma 
surrounding t h e  vehic le .  Because t h e  o r b i t e r  is  97% covered with 
d i e l e c t r i c  materials, t h e  main engine nozz les  provide t h e  primary con tac t  
between t h e  o r b i t e r  m e t a l l i c  s t r u c t u r e  and t h e  plasma. The v e l o c i t y  o f  t h e  
v e h i c l e  r e l a t i v e  t o  t h e  surrounding plasma induces a p o t e n t i a l  d i f f e r e n c e  
between any l o c a t i o n  on t h e  o r b i t e r  and t h e  main engine nozzles .  The 
Langmuir probe measures t h i s  p o t e n t i a l  d i f f e rence  which i s  shown i n  Figure 
1 0 A  f o r  one o r b i t .  The computed p o t e n t i a l  is shown i n  F igure  1 0 B  assuming 
t h a t  t h e  main engine nozz les  provide t h e  r e fe rence  po in t  f o r  t h e  p o t e n t i a l .  
The v a r i a t i o n  i n  t h e  p o t e n t i a l  is  caused p r imar i ly  by t h e  changing re la t ive  
a t t i t u d e  of  t h e  o r b i t e r  wi th  r e spec t  t o  t h e  v e l o c i t y  v e c t o r  and t h e  
d i r e c t i o n  of  t h e  geomagnetic f i e l d .  Because t h e  o r b i t e r  is  so  l a r g e  and 
t h e  nozz les  form t h e  vo l t age  r e fe rence  po in t ,  t h i s  v a r i a b l e  vo l t age  o f f s e t  
(which amounts t o  about 200 mV p e r  meter of d i s t a n c e  between the  nozz les  
and measurement p o i n t )  must always be taken i n t o  cons ide ra t ion  i n  t h e  
ope ra t ion  o f  any plasma d iagnos t i c  instrument  which i s  s e n s i t i v e  t o  e r r o r s  
on t h e  o r d e r  of  a f e w  v o l t s .  

t h e  

Active experiments were performed by emi t t i ng  a ser ies  of  e l e c t r o n  
beam pulses .  Data taken dur ing  one such sequence, designed t o  s tudy  
v e h i c l e  charging and r e t u r n  c u r r e n t  mechanisms and l abe led  Charge Current  
(CC), i s  shown i n  F igure  11.  Each pu l se  group c o n s i s t s  o f  16 pu l ses  of  
i nc reas ing  width. The sequence begins  wi th  one microsecond pu l ses  (which 
show no measurable pe r tu rba t ion . )  When t h e  p u l s e  widths  are increased  t o  
more than  a mi l l i second i n  du ra t ion  s i g n i f i c a n t  charging o f  t he  o r b i t e r  
occurs  wi th  induced p o t e n t i a l s  of t e n s  o f  v o l t s .  The p o t e n t i a l s  measured 
c l o s e  t o  t h e  FPEG are h ighe r  than  those  on t h e  f a r  s i d e  o f  t h e  and p a l l e t  
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may i n d i c a t e  t h a t  a shea th  developed around t h e  vehic le .  The c u r r e n t s  a t  
t h e  two l o c a t i o n s  (CCPI and CCP2) are a l s o  d i f f e r e n t  wi th  t h e  l a r g e r  
cu r ren t  n e a r  t h e  e l e c t r o n  gun as might be expected s i n c e  t h e  beam produces 
l o c a l l y  enhanced i o n i z a t i o n  l eve l s .  

A h i g h e r  time r e s o l u t i o n  p l o t  o f  a po r t ion  o f  t h e  same CC sequence i s  
shown i n  F igure  12. The c u r r e n t s  measured recover  t o  t h e i r  normal 
non-emission l e v e l s  i n  t h e  s h o r t  t i m e  between pu l ses ,  b u t  t h e  charge on t h e  
d i e l e c t r i c  i s  re t a ined  and decays much more slowly. Time cons t an t s  f o r  t h e  
v e h i c l e  p o t e n t i a l  ( o r  d i e l e c t r i c  charging)  t o  r e t u r n  t o  non-emission l e v e l s  
vary  from less than  one second up  t o  minutes. An example o f  t h e  slow decay 
of  t h e  d i e l e c t r i c  charge can be seen a t  0423:45 GMT i n  t h e  Charge 2 da ta .  

C ONC LUS IONS 

The VCAP experiment on STS-3 h a s  shown t h a t  a c t i v e ,  con t ro l l ed  
experiments can be s u c c e s s f u l l y  performed from t h e  payload bay of  t h e  
o r b i t e r .  E lec t ron  beams have been used t o  perform a ser ies  of  experiments 
t o  s tudy  t h e  e l e c t r i c a l  i n t e r a c t i o n  of  t he  o r b i t e r  wi th  t h e  surrounding 
environment and t h e  environment provided t o  t h e  payload. The e m i  l e v e l s  
during t h e  mission were t h e  lowest  experienced dur ing  t h e  p r o j e c t  and were 
unmeasurably low on o r b i t .  The t h r u s t e r s  produced d i s tu rbances  which were 
v a r i a b l e  i n  c h a r a c t e r  and magnitude. Strong ram/wake effects  were seen i n  
t h e  ion  d e n s i t i e s  i n  t h e  payload bay. Vehicle p o t e n t i a l s  are v a r i a b l e  with 
r e s p e c t  t h e  plasma and depend upon l o c a t i o n  on t h e  veh ic l e  r e l a t i v e  t o  
t h e  main engine nozz les ,  t h e  v e h i c l e  a t t i t u d e  and t h e  d i r e c t i o n  of t h e  
geomagnetic f i e l d .  
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Photograph  of the f a s t  pulse electron generator. The two ports 
t h r o u g h  which the electron beams are emitted can be seen a t  the 
l e f t  of the u n i t .  The mated connector a t  the right of the u n i t  i s  
an arming p l u g  which i s  removed during integration t o  avoid 
accidental heating of the filaments. 

Figure 1. 

A-194 



Figure 2. Pho tograph  of one of the charge and current probes. The l i g h t  colored 
surface t o  the l e f t  i s  the FRSI charge collecting surface, while the 
darker surface t o  the r i g h t  is a gold-plated current col lector .  
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REINFORCED CARBON-CARBON IRCCl 

HIGH-TEMPERATURE REUSABLE SURFACE 
INSULATION IHRSII 

LOW.TEMPERATURE REUSABLE SURFACE 
INSULATION ILRSl) - FLEXIBLE REUSABLE SURFACE 
INSULATION IF RSI 1 

METAL OR GLASS 

Insulation Temperature limits Area, Weight, 
m2 ( i tz)  kg Ob) 

Flexible reusable 
surface insulation 

Low-temperature reusable 
surface insulation 

High-temperature reusable 
surface insulation 

Reinforced carbon-carbon 

Miscellaneous 

Below 644 K 31 9 (3 436) 499 (1 099) 
(371" C or 700" F) 

644 to 922 K 
(371 e to 649" C or 
700" to 1200" F) 
922 to 978 K 477 (5 134) 3826 (8 434) 
(649" to 704" C or 
1200" to 1300" F) 

Above 1533 K 38 (409) 1371 (3023) 
(I 260" C or 2300" F) 

268 (2 881 ) 91 7 (2 022) 

632 (1 594) 

1102 (1  1 8601 7245 (15 972) Total 

Figure  3. Thermal P r o t e c t i o n  System (TPS) on t h e  o r b i t e r  which is  about 97% 
covered wi th  d i e l e c t r i c  materials. 
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ORBITER FRSI  

4 , ,  CHRRGE PROBE 

Figure 4. Charge Probe senso r  p la te  cons t ruc t ion  and t h e  inpu t  charge ampl i f i e r .  
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Figure 5 .  Photograph o f  the spherical retarding potential  analyzer and Langmi 
probe assembly. The rectangular box t o  the r i g h t  houses preamplifie 
f o r  the*probe s igna ls  and i s  coated w i t h  a conducting paint  t o  meei 
bo th  thermal control and e l ec t r i ca l  requirements. 
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Figure 6.  Location of t h e  VCAP ins t rumenta t ion  on t h e  OSS-1 p a l l e t .  The lower 
l e f t  i n  t h e  f i g u r e  was t h e  forward s i d e  i n  the  payload bay. 
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VEHICLE - CHARGING AND - POTENTIAL OSS-f/STS-3 
I I 1 I 1 , - - - I - - ,  I t 

---- 

DATA: 

Figure 7. Ion probe current  (SRPA) and electron probe current  (Langmuir probe) 
when the payload bay is i n  the  ram di rec t ion  i n  sunlight.  
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VEHICLE CHARGING AND POTENTIAL OSS-I /STS-3 - - - - 
I I '  I I I I I 1 I 1 I I I I I I I 1 I I 

DHTA: 

-7c .I 

Figure  8. Ion  probe c u r r e n t  (SRPA) and e l e c t r o n  probe cu r ren t  (Langmuir probe) 
when t h e  payload bay i s  i n  t h e  ram d i r e c t i o n  and shadowed. 
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- VEHiCLE - CHARGING AND _POTENTIAL OSS-I /  STS-3 

LANGMUIR PROBE 81 SPHERICAL RETARDING POTENTIAL ANALYZER 
34 SECOND AVERAGES 

I 
- -  - -  I IMU ALIGNMENT 

0 db 
PTC 

0.4 deg/sec 
DAY NIGHT 

- 
LP 

-70db 
-20db  

ORBIT 5 nORBIT 6 

-..J 
- 

Figure  9. Langmuir probe c u r r e n t  (LP) , i o n  probe h igh  range (IPH) and 
low range (IPL) c u r r e n t  averaged over  34 seconds. 
from n e a r  zero  t o  maximum scale occur as t h e  v e h i c l e  r o l l s  wi th  
r e spec t  t o  t h e  v e l o c i t y  v e c t o r  and t h e  payload bay a l t e r n a t e l y  
faces t h e  ram and wake d i r e c t i o n s .  

The v a r i a t i o n s  

0 db 

- 
I PL  

-45db 
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STRRT GMT-Et /7 /29/19 

I 
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AN 
I I SP ; AN NP I I D N  I SP i 

I .  I I I I 1 
s i  

I 
I 
I 
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I .. I 1 . 1  I I I I 1 I 

a: os: 00 8: 41  r o o  9:17:00 9:53:00 

G M T  

Figure 10. Vehicle p o t e n t i a l  a t  t he  l o c a t i o n  o f  t h e  SRPA. The measured va lues  
are  shown i n  Fig. 1 0 A  as determined by t h e  o f f s e t  p o t e n t i a l  of t h e  
Langmuir probe. The computed va lue  of t h e  p o t e n t i a l  i s  g iven  i n  
Fig. 1 0 B  assuming t h a t  t h e  reference po in t  is the  main engine nozzles,  
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CHARGE I 

VOLTS 

CHARGE 2 

2 

CURRENT 

uA 

CURRENT 
I 

uyua 1 U wn 

1 

ehicle Charging And Potential 
VCAP su/usu 

SS-1 STS-3 Launch March 22,1982 

30 

0 
30 

0 

a0 t t 

START TIME 641 0420:OO -- CC SEQUENCE - NIGHT 

Figure  11 .  Charge and c u r r e n t  probe measurements of  d i e l e c t r i c  charging and 
r e t u r n  c u r r e n t s  during a series of  e l e c t r o n  gun pu l ses  emit ted 
dur ing  t h e  Charge Current  (CC) sequence. CCPl (Charge 1 and 
Current  1 )  d a t a  were measured ad jacen t  t o  t h e  FPEG and CCP2 
(Charge 2 and Current 2) d a t a  were taken on t h e  far corner  
o f  t h e  p a l l e t .  
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Vehicle Charging And Potential 
VCAP su/usu 

OSS-1 STS-3 Launch March 22,1982 

30 

0 
VOLTS 30 

CHARGE 1 
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0 :  
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Figure 12. High time r e so lu t ion  f o r  one minute o f  da ta  shown i n  Fig. 1 1 .  
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1.0 INTRODUCTION 

This 90-day summary sc ience  r epor t  f o r  t h e  STS-3/0SS-1 PDP is 
submitted as required by the  "OSS-l/Plasna Diagnostics Package Data 
Management Plan" da ted  January 1982 (Report OSS-l/PDP 82-01, Universi ty  
of Iowa) i n  accordance with the  let ter from A. Martin Eiband, dated 22 
December 1982, Code 420, GSFC F i l e  03496 "OSS-1, Phase 111, Data 

a lys i s . "  Mission opera t ions  and d a t a  a n a l y s i s  is supported through 
r s h a l l  Space F l i g h t  Center Contract  NAS8-32807 f o r  t he  OSS-1 and 
celab-2 PDP e f f o r t .  

Data u t i l i z e d  f o r  t h i s  r e p o r t  has included hard copy data from t h e  
POCC, PDP d a t a  received d i r e c t l y  a t  t h e  North Liber ty  (Iowa) Radio 
Observatory,  processed f l i g h t  d a t a  tapes  (57 hours) ,  and PDP d a t a  from 
the OSS-l/IUE d a t a  tapes  (116 hours).  In  add i t ion ,  a n c i l l a r y  d a t a  on 
t h e  W S  coordinates  i n  hard copy form has been u t i l i z e d .  Anci l la ry  d a t a  
no t  y e t  a v a i l a b l e  inc lude  t h e  best-est imate- t ra jectory and a t t i t u d e ,  t h e  

r a t i o n s  s t a t u s  of key o r b i t e r  subsystems such as t h r u s t e r s  and f l a s h  
evapora tors ,  and t h e  c a t a l o g  of VCAP/FPEG operat ions.  O f  t h e  PDP f l i g h t  
d a t a ,  28 hours have been d isp layed  i n  t e n  minute summary p l o t  format on 

been p l o t t e d  a g a i n s t  time a t  30 minutes p e r  plot. 
color s l i d e s ,  All of t h e  IUE d a t a  (16 s e l e c t a b l e  parameters) h a s  

For t h e  STS-3/0SS-l mission, t he  PDP w a s  t o  ca r ry  out  t h e  following 
cal and s c i e n t i f i c  ob jec t ives :  

1.1 F l i g h t  Tes t  of Systems and Procedures 

F l i g h t  test t h e  systems and procedures and a s soc ia t ed  with t h e  
celab-2 PDP experiment wi th  p a r t i c u l a r  emphasis on the  RMS 

Operations,  on unla tch ing  and r e l a t c h i n g  the  PDP u n i t ,  and on 
eva lua t ing  t h e  RF telemetry l ink .  

1-2 O r b i t e r  EM1 and Plasma Contamination 

easu re  and locate t h e  sources  of f i e l d s ,  
I n t e r f e r e n c e  (EMI) and plasma contamination i n  
O r b i t e r  ou t  t o  15 meters. 

Electromagnetic 
the  environment of t h e  

1,3 O r b i t e r  Wakes and Shocks 

Study t h e  orbi termagnetoplasma i n t e r a c t i o n s  w i t h i n  1 5  meters of  
o r b i t e r  through measurement of electric and magnetic f i e l d s ,  ionized 

particle wakes and generated waves, 

1.4 Electron Gun Beam Diagnostics and P l a s m a  Erfects 

Ascer ta in  t h e  c h a r a c t e r i s t i c s  of t h e  e l e c t r o n  beam emitted from t h e  
o r b i t e r  ou t  t o  a range of 15 meters; measure t h e  r e s u l t s  of beam-plasma 
i n t e r a c t i o n s  i n  terms of f i e l d s ,  waves and p a r t i c l e  d i s t r i b i i t i o i i  
funct ions.  
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The technica l  ob jec t ive  1.1 was discussed i n  the  "STS-3/0SS-l 
Plasma Diagnostics Package (PDP) 30-Day Engineering Report", dated 30 
Apr i l  1982. 
the  PDP and on the  science objec t ives  1.2, 1.3 and 1.4 is presented i n  
t h i s  repor t  in Sections 2.0 through 6.0 and is  summarized i n  
Section 7.0. 
b r i e f l y  described. 

Progress-to-date on the  thermal and pressure environment of 

In Section 8.0, t h e  plan f o r  continued da ta  ana lys i s  is 

2.0 THERMAL AND PRESSURE HISTORY 

With the  a v a i l a b i l i t y  of t he  complete PDP f l i g h t  tape recorded da ta  
and the  OSS-l/IUE PDP d a t a  parameters, it has been possible  t o  e x t r a c t  
t he  PDP thermal and pressure h i s to ry .  

2.1 PDP Thermal Bistory 

The PDP was designed t o  withstand the  thermal extremes of t h e  STS-3 
mission through the  use of hea te rs  and of thermal blankets. The PDP sat 
on t h e  ReleaselEngagement Mechanism (REM) on the  OSS-1 p a l l e t  without a 
co ldp la t e  and was at tached t o  the  RMS f o r  two extended periods, 

Figure 2 , l  g ives  a p lo t  of temperature VS. mission elapsed time MET 
f o r  two temperative sensors. The s o l i d  curve labeled "PDP" is a 
thermistor  i n t e r n a l  t o  the  PDP on the  instrument deck. This point is 
seen t o  reach a minimum of -25°C af ter  the  extensive t a i l - t o  sun cold 
per iod near  MET l/OSOO. At t h i s  po in t ,  the  PDP deck heater w a s  
a c t iva t ed  and holding the  -25OC se tpoin t .  
maximm of 52OC near MET 6/1000 a t  t h e  end of t h e  extensive hot 
top-to-sun period; model ca l cu la t ions  predicted 50°C. Note t h a t  d u r i n g  
t h e  PDP deployment periods e a r l y  on MET Day 3 and Day 4, t h e  PDP warmed 

This same sensor showed a 

up slowly t o  -5OC. 

The dot ted curve i n  Figure 2.1 labeled "ECF" is a thermistor on t h e  
electrical  grapple f i x t u r e  connector which is ex te rna l  t o  t h e  PDP. This 
point  has a very nuch s h o r t e r  thermal time constant. Variations a r e  
more rapid with a minimum of -35°C a t  MET 1/0600 and a maximum of 56°C 
near  NET 6/0400. S t i l l  t h i s  point remains between t h e  hea te r  t r i p  point 
of -32OC and a des i red  upper l i m i t  of 60°C. Consequently, the PDP 
thermal design is considered s u i t a b l e  f o r  Spacelab-2. S i m i l a r  designs 
should work f o r  o the r  spacelab pallet-mounted instruments without 
coldplates .  

2.2 Pressure P r o f i l e  

Pressure i n  the  range of t o  t o r r ,  measured 3 inches from 
t h e  s k i n  of the POP, is p lo t t ed  i n  Figure 2.2 agains t  CMT d u r i n g  t h e  
mission (O/OOOO MET = 81/1600 GMT). J u s t  a f t e r  p a l l e t  ac t iva t ion ,  t h e  
pressure decreased t o  - 10-6 t o r r  and t h e n  slowly decreased over t h e  day 
t o  as low as 10-7 t o r r  which is near ambient l e v e l  f o r  240 km a l t i t u d e .  

The most d i s t i n c t i v e  f ea tu re  of t h e  pressure p r o f i l e  is the 
modulation a t  the  o r b i t  period. 
10'' t o r r  has  a 90 minute o r b i t  period even though the Orbi ter  is 

This va r i a t ion  of between 20'5 t o r r  and  
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r o l l i n g  a t  two-times t h e  o r b i t  r a t e  ( 2  r o l l s / o r b i t ) .  From 
i n t e r p r e t a t i o n  of t he  a t t i t u d e  information, i t  is f o u n d  t h a t  t h e  
p re s su re  peaks when t h e  atmospheric gas is  rammed i n t o  t h e  payload 
bay; the  curve i n  Figure 2.2 can be f i t  w i t h  a log-sine f u n c t i o n .  This 
modulation is  seen also when t h e  PDP is on t h e  RMS d u r i n g  the 
FPEG opera t ions  periods.  
a 6x o r b i t  rate modulation when t h e  Orb i t e r  w a s  r o l l i n g  a t  6x o r b i t  
r a t e  during PTC. 

Note t h a t  on GMT Day 81 near  2200, t h e r e  is 

Ancillary d a t a  g iv ing  t h e  s t a t u s  of O r b i t e r  systems t h a t  might 
a f f e c t  t h e  p re s su re  are no t  completely ava i l ab le .  
primary r h r u s t o r  L2U burn a t  GMT 85/1430, i nc reases  the  pressure t o  
3 x loo4 t o r r .  
t h e  pressure  increased  t o  3 x 10-5 t o r r .  
t h e  top-to-sun a t t i t u d e  but pressure  values as high as 2 x 10-5 were 
recorded--presumably due t o  increased  outgass ing  of t h e  Orb i t e r  bay. 

However, the  

During t h e  t h r e e  minutes of closed payload bay doors,  
Lit t le d a t a  were taken during 

Instruments s e n s i t i v e  t o  p re s su re  v a r i a t i o n s  o r  t o  pressure l e v e l s  
above 
need a pressure  sensor  t o  provide pro tec t ion .  

torr--in t h e  corona region i f  high vol tages  are involved--may 

Figure 2-1 
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3.0 ORBITER RADIATED ELECTROWNETIC FIELDS 

An extensive g e t  of wave f i e l d  receivers  covering the  frequency 
range of 30 Hz t o  800 MBZ and S-Band (2200 MHz) w a s  included on t h e  PDP. 
These receivers  provided a capabi l i ty  t o  character ize  the O r b i t e r ' s  
un i ten t iona l  radiated spectrum and its time v a r i a b i l i t y  and in ten t iona l  
commatnication transmitter's f i e l d  strength. 

3.1 Pallet EMI Levels and T i m  Variations 

One of the  prime PDP measurements w a s  t o  determine t h e  electric and 
magnetic noise spectrum and time v a r i a b i l i t y  due t o  t h e  O r b i t e r  systems. 
It w a s  found that the  magnetic f i e l d  w a s  composed of d i sc re t e  
frequencies and harmonics. 
converters and clocklines. The characteristic amplitude of 
60 dBpT f 20dB did not vary s igni f icant ly  over the mission. 

These emissions are probably due t o  power 

Measurements of the electric f i e l d  emissions showed a broadband 
spectrum which varied by at least 60 dB over time. 
time v a r i a b i l i t y  is shown i n  Figure 3.1 for the  16 VLF channels. Note 
t h a t  changes occur on the  time scale of seconds-probably due t o  
t h r u s t e r  f i r ings .  Also there  is a large var ia t ion on t h e  t i m e  scale of 
tens of minutes which is found t o  be correlated w i t h  t h e  O r b i t e r  orbit 
period. The in t ens i ty  is usually maximum when the O r b i t e r  is in a ram 
attitude-bay i n  t h e  veloci ty  vector direction. This modulation is 
similar t o  t h a t  of the pressure gauge. 

An example of t h e  
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The range of observed electric f i e l d  l eve l s  is p lo t ted  i n  
F igure  3.2, O r b i t e r a s s o c i a t e d  noise  w a s  a s  low as t h e  receiver noise 
l eve l s ,  At frequencies above 300 kUz, t h e  receivers were not s e n s i t i v e  
enough t o  de t ec t  t he  noise  a t  a l l .  
f i e l d s  exceeded t h e  Orb i t e r induced  noise a t  a l l  frequencies. 

When the  FPEG w a s  operated, t h e  

lcn general ,  it is found t h a t  the  Orbi ter  uni tensional  emissions aro, 
a6 t he  spec l e v e l  o r  beldw and t h a t  the  e lectr ic  f i e l d  noise is not due  
t o  Orbi te r  subsystems, but r a the r  t9  the  Orbi te r ' s  i n t e rac t ion  w i t h  t h e  

i n  the  ionosphere, Work.is continuing on t h i s  invest igat ion.  

--- 

'L. IMu ALiGdA++i~;jo€ 

NOISE Tin€ VARiAgiLiTy hli-rki THRUSTERS 
6ur No FPEG 

L Figure 3-1 . 

3.2 UHF and S-Band Transmitter F ie ld  Strengths 

One f i l t e r  channel of t he  PDP High Frequency Receiver covered t h e  
band of 165-400 MHz which includes the 295 MHz frequency of the  UHF 
voice downlink transmitter. When t h i s  t ransmi t te r  was keyed on and 
connected t o  t h e  upper antenna, a s i g n a l  w a s  detected by t h e  PDP. These 
measured f i e l d  s t rengths  were always below 0.5 V/m w i t h  t h e  PDP on t h e  
RMS and below 0.1 V/m a t  the PDP p a l l e t  location. 
f i e l d  s t r eng ths  are given i n  t h e  following table:  

Average and peak 
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Peak - Location/Field Strengths 2 2dB Ave rape 

PDP on Pallet a t  13 meters from Antenna . 0 5  V/m 0 . f )H  V / m  
PDP on RMS a t  8 meters from Antenna . L 3  44 

These leve ls  a r e  w e l l  below the suggested radiated suscep t ib i l i t y  
f i e l d  strengths. 

At S-Band, the 150 w a t t  da ta  downlink t ransmit ter  (2287.5 MHz) can 
produce f i e l d s  which are modeled t o  be 49.6 V/m/R (meters) i n  the beam 
of the se lec ted  "quad" antenna. 
be a t  damage level f o r  payload instruments o r  f o r  satellites being 
manipulated by the RMS. 
. to  measure the  f i e l d  strengths i n  and around the payload bay. These 
measured levels were about 5 dB f 2 d3 higher than t h e  modeled values 
but comparable t o  a crude theo re t i ca l ly  calculated value as follows: 

Even at  many meters, these f i e l d s  could 

The PDP car r ied  a receiver especial ly  designed 

Field Strength Relation 
( V / m >  

Modeled Q 150 Watts 49.6 / R  (meters) 
Measured w i t h  PDP ( 2  2dB) 90.3 /R (meters) 
Calculated @ 150 Watts 94.9 / R  (meters) 

The calculated value assumes t h a t  all of t h e  power is emitted i n t o  

In the  antenna beam, the f i e l d s  exceed 20 V/m ins ide  of 5 meters. 

a hemisphere with 100% eff ic iency.  

However, with t h e  PDP on the p a l l e t  a t  a range of 13.1kters of f  t h e  edge 
of the  beam, the f i e l d s  were not observed a t  t h e  threshold of 2 V / m  
whereas the in-beam predic t ion  would be 7V/m. Consequently, payload bay 

. instrumentation is  not subjected t o  damage l e v e l s .  

IN 
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OR1 
4.0 ORBXTER ION PLASMA ENVIRONMENT 3 F  

(Henry C. Brinton, Joseph M. Grebowsky, Merritt W. Pharo 111, 
Harry A. Taylor, Jr./GSFC) 

The Bennett R.F Ion Mass Spectrometer on the STS-3/0SS-l Plasma 

ureolents of ion  spec t r a  were obtained both i n  the  cargo bay and 
Diagnostics Package (PDP) performed nominally throughout t h e  mission. 

n t  periods i n  which the PDP w a s  operated on the  extended 
t o r  System (RMS) ann. Real tine da ta  obtained from 

s e v e r a l  o r b i t  passes over t h e  North Liber ty  (Iowa) Radio Observatory 
ground s t a t i o n  and playback da ta  obtained w h i l e  t h e  PDP w a s  operated on 
t h e  extended RMS arm have been examined. Ion cur ren ts  observed covered 
t h e  e n t i r e  dynamic range ( 2  x 105) of the  ion  mass spectrometer sys tem 
demonstrated response t o  t h e  extremes of ambient and perturbed plasma 
conditions.  Data tapes  provided were of s u f f i c i e n t  q u a l i t y  t o  enable 
use  of the  GSFC developed software on the  DEC 11/70 computer f o r  i n i t i a l  
d a t a  reduction a c t i v i t i e s .  

Init ial  da t a  processing w a s  concerned w i t h  pos i t ive ly  ident i fy ing  
t h e  atomic mass numbers of t he  detected ion  species. As a n t i c i p a t e d ,  
t h e  effects of electrical charge buildup and/or the  plasma ram veloc i ty  
a l t e r e d  the  ca l ib ra t ed  d i r e c t  r e l a t ionsh ip  between the atomic mass 
number of an ion and the  appl ied spectrometer voltage required f o r  i t s  
detection. The ne t  of such e f f e c t s  upon &he spectrometer range from 
-3 t o  -8 v o l t s  on t he  various da t a  samples studied. 
e na t ion  of a number of ind iv idua l  mass scans w a s  therefore  
undertaken which considered apparent po ten t i a l  s h i f t s  i n  t h e  fundamental 
cur ren t  peaks due t o  spacecraf t  charging as w e l l  as t h e  s h i f t s  i n  t h e  
l oca t ions  of t h e  harmonic de r iva t ives  of t h e  fundamental peaks. This 
ana lys i s  provided a scheme for i den t i fy ing  t h e  atomic mass number of the 
de tec t ab le  ions. A more complete ana lys i s  w i l l  be made once t h e  
o rb i t - a t t i t ude  da t a  are avai lable .  

A de ta i l ed  

Since de t a i l ed  event t imel ine and aspect information for 
determining the  o r i en ta t ion  of t h e  spectrometer o r i f i c e  w i t h  respect t o  
the plasma flow, are not ye t  ava i lab le ,  i t  w a s  not possible t o  determine 

. t h e  exact magnitude of the  ion  concentrations sampled, nor t o  in t e rp re t  
t h e  source of s t rong  f luc tua t ions ,  However, t h e  co l lec ted  ion cur ren ts  
provide t h e  bas i s  f o r  a rough estimate of t h e  r e l a t i v e  abundance of each 
ions  species ,  and of course, t he  var ia t ions  of t h e  ion c u r r e n t s  w i t h  
time r e f l e c t  s imi l a r  var ia t ions  in the  concentrations. Hence t h e  
preliminary evaluat ion of the da ta  considered the. ion currents  only 
w h i l e  one of t h e  immediate f u t u r e  goals w i l l  be t o  convert t h e s e  
cu r ren t s  t o  concentrations, 

Some examples of the  ion cur ren ts  co l lec ted  during t h e  f l i g h t  of 
STS-3/OSS-l are shown in Figures. Three d i s t i n c t i v e  phases of t h e  POP 
operat ions are depicted. F i g u r e  4.1 corresponds t o  ear ly  measurements 
when the PDP w a s  s t i l l  i n  t h e  s h u t t l e  bay w h i l e  Figures 4.2 and 4.3 show 
measurements made on t h e  extended RMS arm. I n  t h e  e v e n t  shown i n  
Figure 4.3, the  e lec t ron  beam created abrupt disturbance O F  a l l  tht. i o n  
currents.  As these  figures show, t h e  most d o m i n a n t  ion species o b s e r v e d  
correspond t o  atomic mass numbers of 16, 18, 30, and 32. The existence 
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of mass numbers 16, 30 and 32 were expected s ince  the s h u t t l e  is  
opera t ing  a t  F-region a l t i t u d e s  where the re  are s u b s t a n t i a l  ambient 
plasma O+ (16 a m > ,  and NO+ (30 am> and 02+ (32 a m )  plasma dens i t i e s .  
The ex is tence  of mass 18, assumed t o  correspond t o  H20+ ions ,  
demonstrates t h a t  t he  s h u t t l e  not only dynamically per turbs  t h e  ambient 
plasma as it  moves through i t ,  but apparent ly  has i t s  own inherent  
atmosphere environment t o  interact with the  ambient medium. 

Further  ana lys i s  of t h e  ion  spectrometer measurements will proceed, 
given operat ions and aspect  data.  From a merging of the o r b i t  and 
a t t i t u d e  da t a  with the  ion  measurements, i t  i s  expected t h a t  geophysical 
v a r i a t i o n s  i n  the  ion concentrat ions may be separated from s h u t t l e  
induced per turba t ions  - f o r  example - t he  not iceable  decreases i n  
cu r ren t  seen i n  Figures 1 and 2 may be of e i t h e r  source. A f u r t h e r  
study w i l l  be made of the i d e n t i f i c a t i o n  of ambient and contaminant ions 
and of composition changes due t o  e l ec t ron  gun and th rus t e r  f i r i n g s .  
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5.0 ORBITER-INDUCED PLASMA WAKE 
(Nobie H, Stone and David L. Reasoner/MSFC) 

The WA/DIFP ins t rument  i s  des igned  t o  provide  t h e  t o t a l  i o n  
c u r r e n t  d e n s i t y ,  energy and tempera ture  (RPA) and t h e  ion flow d i r e c t i o n  
(even  f o r  m u l t i p l e  s t r eams)  and t h e  a s s o c i a t e d  c u r r e n t  d e n s i t y ,  d r i f t  
energy  and tempera ture  of each  stream (DIFP). 

F i g u r e  5.1 i s  a color su rvey  p l o t  which i n c l u d e s  t h e  RPA/DIFP d a t a  
showing; (1) an a t t i t u d e  change of t h e  PDP wi th  r e s p e c t  t o  t h e  o r b i t a l  
v e l o c i t y  v e c t o r  and ( 2 ) ,  two d i s t i n c t  ion streams; i.e.,  t h e  i n t e n s e  ram 
i o n  stream which f lows p a r a l l e l  t o  t h e  v e l o c i t y  v e c t o r  ( lower c r e s c e n t )  
and a f a i n t e r  stream i n c l i n e d  upward a t  45" -50" above the  o r b i t a l  
v e l o c i t y  v e c t o r  (upper  c r e s c e n t )  in t h e  t i m e  i n t e r v a l  of GMT 
85/ 1648-1652. 
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Figure 5.2 shows, schematically,  the  o r i en ta t ion  of the O r b i t e r  
wi th  respect  t o  the  ve loc i ty  vector ,  Vo, during t h e  period i n  which t h e  
d a t a  were obtained. 
i t s  o r i en ta t ion  changed, as indicated,  at  poin ts  1, 2 and 3. It is  t h e  
change i n  orientation of t h e  PDP along the  p a t h  t ha t  produces t h e  
crescent e f f e c t  i n  the  spectrogram. A t  point I ,  t h e  RPA/DIFP looked 
d i r e c t l y  i n t o  the  ram direct ion.  It became perpendicular t o  t h e  f l o w  a t  
point  2, but looked i n t o  the  ram again a t  point 3. The def lec t ion  
voltage on the  DIFP, which is proport ional  t o  angle of a t t ack ,  follows 
t h i s  maneuver prec ise ly ,  being near zero when the  PDP w a s  a t  points 1 
and 3 and highly negative a t  point  2. 

As the  PDP w a s  moved through t h e  indicated p a t h ,  

I 

I 

i Figure 5-2 
SHUTTLE ORIENTATION & PDP TRACK 

A p l o t  of the  DIFP current  as a funct ion of def lec t ion  voltage 
during one sweep, made a t  t i m e  16:49:01.7, is given i n  Figure 5.3 and 
shows t w o  d i s t inc t -peaks .  These peaks a r r i v e  a t  -16 and +26". We 
assume t h a t  t h e  PDP w a s  inc l ined  upward a t  16" and t h a t  Peak No. 1 
represents  the  ram current.  The second ion stream, therefore ,  a r r ived  
a t  an angle of 42" t o  the ve loc i ty  vector. This stream appears t o  
r e s u l t  from ions t h a t  were acce lera ted  by t h e  i n t e rac t ion  w i t h  t h e  
Orbi te r  and have reached the  RPA/DIFP by t rave l ing  over an a r c  of a 
Larmor radius  as indicated i n  Figure 4.3. 
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The streams w e r e  analyzed by a re ta rd ing  po ten t i a l  and both have an 
energy of - 10 ev. 
c lose ly  aligned with the  ve loc i ty  vector. 
be due t o  the  remaining angle of a t t ack ) .  
5 ev, t he  observed energies  suggest a po ten t i a l  -4 t o  -5  vo l t s  on t h e  
PDP. In f a c t ,  the  average po ten t i a l  of t h e  spheres w i t h  respect t o  t h e  
PDP is given by the  yellow “AV” curve i n  t h e  “DC E-Field” p a n e l  as +h 
v o l t s  during the  ion beam. This value means t h a t  the PDP w a s  -6 vo l t s  
with respect t o  t h e  plasma i n  agreement w i t h  t h e  RPA ana lys i s .  

(The RPA i nd ica t e s  an energy of 9 e v  when most 
The difference i n  energy may 
S ince  t h e  ram ene rm of (>+ is 

tcl 085/16:49:01 

- 15 0 415 

DEFLECTION VOLTAGE (VOLTSl 

Figure 5-3 

6.0 ELECTRON BEAW-P INTERACTIONS 

Work on t h e  FPEG beam and i t s  i n t e r a c t i o n  with the plasma has not 
1y. To e f f e c t i v e l y  car ry  out t h i s  invest igat ion,  

a are required. These required da ta  and the  s t a t u s  

Prodded  by JSC as Printout  
S t a t e  Vectors Available on Paper;  
Awaiting BET Tape 
Requires Orbiter-At t i t u d e  Timeline 
J u s t  Received from Utah S t a t e  

Orbiter-Atti tude Tlnteline 

Orb i t e r  Magnetic Afignments 
FPEG F i r ing  Catalog 
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Consequent ly ,  t h e  major holdup is t h e  O r b i t e r - a t t i t u d e  da t a .  Once 
t h i s  in format ion  is  rece ived  and i n t e r p r e t e d ,  t h e  s e p a r a t e  d a t a  sets can 
be  c o l l a t e d  i n t o  a cornmon t i m e l i n e ,  

Addi t ion  VCAP/PDP J o i n t  Beam Search  d a t a  have processed i n t o  survey 
p l o t s .  An example is  g iven  i n  F igu re  6.1 f o r  1982 Day 85 a t  1750 GMT, 
During t h i s  pe r iod ,  t h e  PDP on t h e  RMS being maneuvered t o  s e a r c h  f o r  
t h e  FPEG beam. E l e c t r o n s  are observed up t o  1 keV i n  energy;  low f l u x e s  
o f  ions are observed up t o  250 eV. VLF emiss ions  peak i n  t h e  n.5 -2 kHz 
range. Emission i n  t h e  s e v e r a l  MHz range a r e  probably a s s o c i a t e d  w i t h  
t h e  gyrofrequency (- MHz) and t h e  p l a s m a  frequency (- 10 MHz). E e c t r i c  
f i e l d s  i n  excess of 10V/m and t h e  PDP p o t e n t i a l  of g r e a t e r  than + 12V 
w i t h  r e s p e c t  t o  t h e  p lasma are a l s o  encountered.  

Many of t h e  beam-plasma c h a r a c t e r i s t i c s  observed on-orbi t  were a l s o  
observed  in t h e  JSC P l a s m a  Chamber Tests of March 1981. In  pa ra l l e l ,  
t h e  Chamber T e s t  d a t a  are be ing  processed  through t h e  same a n a l y s i s  and 
d i s p l a y  programs so t h a t  d e t a i l e d  comparisons can be made. 

Figure 6-1 
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7.0 SUMMARY OF PDP 

An overa l l  summary of the environmental and science r e s u l t s  t o  da t e  
is as follows: 

e Orbiter  re la ted  EMI l e v e l s  are s ign f i can t ly  l o w  so that na tura l  noise 
phenomena, F'PEG stimulated waves and Orbi te r induced  wake noise are 
de tec tab le  

- With the bay doors closed, the PDP-detected noise l eve l s  dropped 
t o  the  receiver threshold values f o r  frequencies from 30 Hz t o  
800 MHZ except f o r  magnetic f i e l d  d i s c r e t e  l i n e  emissions a t  
25 Hz, 1 Uz, 25 U z  and harmonics 

- Field s t rength  OLeasurements of the  S-Band communication system are 
approximately a f a c t o r  of two higher than t h e  modeled va lues  

- Stiwllated FPEG waves i n  t h e  Hz t o  MHz ranges were c l ea r ly  
de tec tab le  

- Natural noise  emissions including spherics ,  w h i s t l e r s ,  chorus and 
h i s s  were detected above t h e  background noise leve ls  

- Based on the  observed decrease of EM1 noise leve ls  w i t h  t h e  bay 
doors closed and on the amplitude var ia t ion  of t h e  noise depending 
on O r b i t e r  attitude, i t  is hypothesized t h a t  a broad spectrum of 
e l e c t r o s t a t i c  noise  is being generated by t h e  Orbi ter ' s  motion in 

- t h e  plasma-probably i n  t h e  wake, 
t h e  bay i n  the ram d i rec t ion  

h e  t o  na tu ra l  charging e f f e c t s ,  t h e  O r b i t e r  can reach a few vo l t s  
p o t e n t i a l  with respect  t o  t he  plasma 

'Chis noise is .a maximum w i t h  

- 
- Orbi te rcaused  magnetic f i e l d  per turbat ions are typica l ly  less 

than .OS gauss 

a The presence of t he  Orbi te r  and t h e  Orbi ter  gaseous environment 
produces a plasma environment i n  and near the plasma bay which is 
s i g n i f i c a n t l y  d i f f e r e n t  than the ambient ionospheric plasma 

- Plasma densi ty  and temperature a t  t h e  PDP p a l l e t  Location can vary  
by a t  least 3 orders  of magnitude i n  t h e  time sca le  of m i n u t e s  and 
by a l a r g e r  f a c t o r  depending on the  O r b i t e r  a t t i t u d e  

- Time var ia t ions  i n  pressure of about two orders of magnitude a re  
observed with some corre la t ion  t o  O r b i t e r  RAM/wake a t t i t u d e  and 
t h r u s t e r  operations;  on t h e  scale of minutes, the pressure r e x h e s  
10'5 t o r r  w i t h  t h e  bay i n  t h e  ram di rec t ion  whereas the pressure 
exceeded loo4 f o r  a PRCS j e t  operation. 

Dominant ions include O+, N2+ and 02+ from the ambient 
ionosphere - and H20+ from the  Orbi ter  i t s e l f  , 

Measured plasma energy depends on PDP charging which is 
control led by day/night and RAM/wake e f f e c t s  

- 
- 
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, di rec ted  ion  streams are detected which are probably 
due t o  r e f i l l i n g  of the Orbi te r  wake cavity.  Modulation of t h e  
energy is associated with the  charge state of t h e  PDP 

0 The FPEG e lec t ron  beam undergoes a s t rong  in t e rac t ion  w i t h  the 
ambient ionospheric plasma and perhaps with the Orbi ter  gas cloud and 
l o c a l  plasma 

- Electrons and energized ions reach the PDP i n  its p a l l e t  
t i o n  below t he  FPEG - 

- Waves are s t i au la t ed ,  ions energized and e l ec t rons  deenergized 
and sca t t e red  along the  e l ec t ron  beam column 

- Electrons of 1 keV and below are found within a column of 
t e l y  6 meters diameter-the e lec t ron  gyrodiameter-with 
uniform d i s t r i b u t i o n  i n  f lux 

- Ions with energies  up t o  250 e V  are associated w i t h  t h e  
i n t e r a c t  ion. 

- Signi f icant ly  in tense  VLF and LF waves are stimulated by pulsing 
t h e  FPEG beam 

- Potent ia l s  up severa l  10's of vo l t s  and electric f i e l d s  in 
excess of 10V/r are measured during FPEG operations 

8.0 DATA ANALYSIS PLAN 

Within the l imited resources t o  carry out the OSS-l/PDP da ta  
analysis ,  work is progressing t o  prepare reports  and publications on the 
following topics: 

0 

0 

0 

e 

0 

0 

0 

e 

0 

0 

Potent ia ls  and Electric Fields  of the Orbiter 

Nature o f  the Orbiter-Induced Plasma Wakes 

The Orbi ter  Plasma Environment 

Effects of the  Beam-Rlasma Interact ion 

Character is t ics  of the E lec t ros t a t i c  Noise Generated by t h e  
OrbiterPlasma In te rac t ion  

Description of the OSS-l/PDP System 

Orbiter EMI U v e l s  

+Band and UHF Comaunications Radiated Field S t r e n g t h s  

Power Buss and Microprocessor Performance History 

Pressure Measurements by PDP on STS-3 

Thermal History of t h e  PDP on STS-3 
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These repor t s  and papers are t o  be. the  basis for presentations a t  a 
number of meetings i n  t h e  near future:  

0 ,  European Geophysical Society,  Leeds, England 23-27 August 

Activate Experiments Working Group and Spacelab-l IWG, MSFC, 
30-31 August 

e Workshop on Charging of Large Space S t ruc tures  i n  Polar O r b i t ,  
AFGL, 14-15 September 

NASA/Spacelab Workshop on Orbi te r  Environment, Calverton, 
Maryland, 5-7 October 

* F a l l  AGU Meeting, San Francisco, 7-12 December 

* AIAA Meeting, Reno, 10-14 January 

* URSI Meeting, Boulder, 17-21 January 

0 Spring AGU Meeting, Baltimore, 30 May - 3 June 
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PRESENTAT I ON 

TABLE 6 

SWlMAFY OF PDP ORBITER ENVIRONMENT MEASUREMENTS 

ORBITER POTENTIAL 

POTENTIAL WITH RESPECT TO PLASMA VARIED UP TO f 5V WITH PDP ON 
RMS 

POTENTIAL VARIATION CONSISTENT WITH V x B * L - 
WHERE 5 = DISTANCE FROM ENGINES TO-PDP- 

ORBITER ALWAYS DRIVEN POSITIVE DURING FPEG OPERATIONS 

EMC/EM I 

NO MICROPROCESSOR ( 2  UNITS) MALFUNCTIONS [WATCH-DOG TIMER 
UTILIZED] 

28V PDP POWER BUSS RANGE: 27.0-31.0 VOLTS 

28V PDP POWER BUSS STEPS: < 1.OV IN 1.6 SECONDS 
< 1.5V IN 5 MINUTES 

ELECTRIC AND MAGNETIC FIELD RADIATED EMISSIONS WITHIN 
SPECIFICATIONS 

ORBITER-PLAS14A INTERACTION GENERATES ELECTROSTATIC NOISE UP TO - 1 V/M 
UHF TRANSMITTER: < 0.1 V/M IN BAY; < 0 . 5  V/M ON RMS 

S-BAND TRANSMITTER: < 2 V/M IN BAY; < 20 V/M ON W S  > 5 M 
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'I 
TABLE 6 

SUMMARY O F  P D P  O R B I T E R  ENVIRONMENT MEASURPIENTS -- 

THERklAL PfRFORlANCE ---__ - _- 
0 F L I G H T  HARDll'hRE MOUNTED ON COLD PLATE, PALLET AND W S  

0 THERMAL CONTROL BY HEATERS, THERMAL BLANKETS AND RADIATING 
I 

SURFACES 

0 ALL TEMPERATURES STAYED W I T H I N  DESIGN L I M I T S  

I PRESSURE MEA_SURMENTS 

0 APPARENT PRESSURE VARIES 10-7 TO 10-5 TORR AT ORBIT PERIOP 

PRESSURE INCREASED TO 3 x 10-4  TORR DURING L ~ U  BURN 

PRESSURE INCREASED TO 4 x 10-5 TORR PURING PAYLOAD BAY DOOR 

WITH MAXIMA AT ASCENDING NODE (RAM I N  NOSE-TO-SUN A T T I T U D E )  

C L O S I N G  (86/21:101 

0 APPARENT PRESSURE IS MODULATED BY PDP ROTATION 

PLASMA CGEO_S_ITION AN9 ENERGY 

0 VERY S I G N I F I C A N T  DENSITY VARIATION FOR DAY/NIGHT AND RAM/WAKE 

0 

0 DIRECTED ION REWlS OBSERVED I N  WAKE AND WHEN O R B I T E R  IS 

H 2 0 t  ORBITER-PRODUCED ION ALWAYS PRESENT 

NEGATIVELY CHARGED 

0 INSTANCES O F  100 eV  I O N S  ANDx ELECTRONS I N  PAYLOAD BAY 

f 400 IvlHz TELEMETRY ANTENNAS n 

HF 
ANTENNA 

I 

I CANGMUIR PROBE 



STS-3 ORBIT ATTITUDE 
MARCH 24,1982 
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TABLE 14 

SHUTTLE BAY 

CURRENT 

0' (anpsi - * . '  . ... . . . . . - * . * . *  * .' 
I- . .  

* 
CSFC ION SPECTRO~LTER~IOUA-PDP 83184 ORDIT 58 US-4 16(.l 18tXl 1 8 ( + )  

CURRENT 
I M P S )  

I- *. 

TABLE 15 i 
PDP ON RMS--ORBITER 

AT DAY-TO-NIGHT TERMINATOR 

c Txnc MC) 
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TABLE 18 

ORBITER DC POTENTIAL 

DAY 83 IIAD THE PDP MOUNTED TO THE PALLET (AND GROUNDED TO ORBITER) 

A PDP MEASURES THE AVERAGE POTENTIAL OF ITS TWIN CARBON COATED SPHERES WITH RESPECT 

TO THE SPACECRAFT GROUND AND OBTAINS A MAXIMUM POSITIVE POTENTIAL OF 3-4 VOLTS 

(NOT COUNTING ELECTRON GUN EMISSION TIMES) AND A MAXIMUM NEGATIVE POTENTIAL OF 

- 2-3 V 

A PEAK POSITIVE POTENTIALS OCCURRED CLOSE TO SUNSET (DURING PAYLOAD BAY WAKE) 

A THE ELECTRON GUN ALWAYS DROVE THE POTENTIAL OFFSCALE POSITIVE ( >  BV) WITH A 

RECOVERY TIME VARIABLE FROM SECONDS TO MINUTES 

A PEAK NEGATIVE POTENTIALS OCCURRED APPROXIMATELY 1/2 ORBIT LATER AT ASCENDING NODE 

(DURING PAYLOAD BAY RAM) 

0 DAY 84 HAD THE PDP ON THE RMS (STILL GROUNDED TO ORBITER) 

A HOURS 16:30 TO 18:30 HAD THE PDP IN A FIXED POSITION THE PAYLOAD BAY.&ND ARE 

SUITABLE FOR COMPARISON TO PREVIOUS DAYS RESULTS 

A ONE ORRIT PERIODICITY STILL EXISTS WITtl - i5V VARIATION 

S -G62-768 

ASCEN Dl NG NODE 

DAY 83 
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STS-3/0S$-1 PLASMA DIAGNOSTICS PACKAGE (PDP) MEASUREMENTS OF 
ORBTTFIQ TRANSMITTER AND SUBSYSTEM ELECTROMAGNETIC INTERFERENCE 

S,  D, Shawhan and G. Murphy 
University of Iowa 

I Preceding page blank 
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1.0 INTRODUCTION 

This  r epor t  is in tended  t o  p re sen t  a quick-look a n a l y s i s  of t he  Plasma 

Fur the r  i n t e r p r e t a t i o n  of t he  d a t a  i s  
Diagnos t ics  Package (PDP) e lec t romagnet ic  s p e c t r a l  measurements on t h e  
STS-310SS-1 mission from March 1982. 
awa i t ing  a n c i l l a r y  informat ion  on t h e  ope ra t ion  of O r b i t e r  subsystems, such as 
t h r u s t e r s  and on t h e  d e t a i l e d  t r a j e c t o r y  and a t t i t u d e .  

The PDP r e c e i v e r  system is descr ibed  t o  i d e n t i f y  t h e  var ious  antennas and 
t o  c h a r a c t e r i z e  t h e  complement of r e c e i v e r s  which cover t h e  frequency range of 
30 Hz t o  800 MHz and S-Band a t  2200 5 300 MHz. Sample r e s u l t s  are presented  
t o  show t h e  v a r i e t y  of e lec t romagnet ic  e f f e c t s  a s soc ia t ed  wi th  the  O r b i t e r  and 
t h e  t i m e  v a r i a b i l i t y  of t h e s e  e f f e c t s .  The e lec t r ic  f i e l d  and magnetic f i e l d  
maximum and minimum f i e l d  s t r e n g t h  s p e c t r a  observed dur ing  the  mission a t  t h e  
p a l l e t  l o c a t i o n  are p lo t t ed .  Values are a l s o  der ived  f o r  t he  maximum UHF 
t r a n s m i t t e r  and S-band t r a n s m i t t e r  f i e l d  s t r eng ths .  F i n a l l y ,  c a l i b r a t i o n  d a t a  
t o  convert  from t h e  survey p l o t s  t o  a c t u a l  narrowband and broadband f i e l d  
s t r e n g t h s  are l i s t e d .  

Support f o r  t h e  PDP on t h e  STS-310SS-1 Mission w a s  provided through 
OSS-1 Mission management w a s  provided by NASAIMSFC Contract  NAS8-32807. 

NASAIGSFC. 

2.0 DESCRIPTION OF RECEIVER SYSTEM 

Sensors f o r  t h e  d e t e c t i o n  of magnetic and electric wave f i e l d s  are 
i d e n t i f i e d  i n  F igure  1. Two spheres  of 8 inch  d iameter ,  separa ted  by 1.2 
meters make up t h e  electric d i p o l e  antenna which i s  u t i l i z e d  from DC t o  20 MHz 
i n  frequency. C a l i b r a t i o n  measurements a t  NASAIGSFC before f l i g h t  i nd ica t ed  
t h a t  t h e  e f f e c t i v e  electrical l eng th  of t h i s  d i p o l e  was only 0.22 meters 
because of t h e  proximity t o  t h e  PDP. For h igher  frequency e lec t r ic  f i e l d s ,  a 
broadband s i n g l e  p o l a r i z a t i o n  horn antenna i s  u t i l i z e d .  It covers  t h e  range 
of 20 MHz through S-band a t  2200 MHz. In  a d d i t i o n ,  t he  s e a r c h c o i l  sensor  i s  
used t o  d e t e c t  t h e  magnetic f i e l d  component of e lec t romagnet ic  waves from 
30 Hz t o  178 kHz. 
waves over  t h e  same VLF range of 30 Hz t o  178 lcHz. 

The Langmuir Probe i s  s e n s i t i v e  t o  e l e c t r o s t a t i c  p l a s m a  

A block diagram of t h e  PDP senso r s  and a s soc ia t ed  r ece ive r s  is  shown i n  
F igure  2. One VLF range r e c e i v e r  from t h e  IMP program VLFR-IMP is  switched 
between t h e  electric d ipo le ,  t h e  s e a r c h c o i l  and t h e  Lagnmuir Probe senso r s  
every 51.2 seconds t o  provide 16 channels of VLF spectra--30 Hz t o  178 kHz. 
I n  add i t ion ,  t h e  waveform is  preserved i n  t h e  Wideband Receiver (WBR) and t h i s  
ana log  d a t a  is included i n  t h e  PDP d a t a  stream. Every 12.8 seconds the  WBR 
swi tches  10 kHz bands s e q u e n t i a l l y  covering 0-10 kHz, 20-10 kHz and 20-30 kHz 
f o r  each sensor .  
antenna t o  g ive  a peak and average spectrum every 1.6 seconds. 

The VLFR-HELIOS always is connected t o  the  electric d i p o l e  

The electric d i p o l e  also d r i v e s  t h e  Medium Frequency Receiver (MFR) which 
covers  316 kHz eo 17.8 MHz i n  8 channels.  This MFR sha res  a logar i thmic  
d e t e c t o r  w i th  t h e  High Frequency Receiver (HFR) which has fou r  broadband 
channels  spanning t h e  range of 20 MHz t o  800 MHz. Bandwidths f o r  t h e  VLFR and 
MFR are narrower a t +  15% and k 30%, r e spec t ive ly .  By mixing t h e  S-band 
s i g n a l  down t o  t h e  HFR frequency range, t h e  same l o g  d e t e c t o r  is used f o r  t h e  
SBR by t i m e  mult iplexing.  
1.6 seconds. 

Both peak and average s p e c t r a  are obta in ined  each 
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A summary of the receiver characteristics is given in Table 1. Detailed 
performance specifications for the receivers and the other PDP instrumynt are 
given in Table 2. Note that the stated field strength ranges are only 
approximate. 

PDP on Pallet: Antennas Identified 

Figure 1 
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Table 2 

PDP SCIENTIFIC INSTRUMENTS P E R P O P ~ C E  SPECIFICATIONS 

Fre&nci Ruolution 
litude Resolution 

crop ResoXution 

ux: Electrons 

Amhicmf Prcssure IIonization Cauce ressure Range 
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VALUE/BANCE 
t 12 d l l i lpusc  LO 2 1.5 gauss 

each r x i c  

diff +rmtkI 
20 uapfftsfsacond 
Sk-lkiiz & 0.65.10. 10-20. I 

.I& resolution; 

ond u c b  channel 
12.8 seconds out of 51.2 sec. 1 -1kiiz. 0.65.1Okiiz. 10-2OkHz 

' &2+301;8r 
~lOOdb @ O.4db rrrrohtian; 
~ - U)O mvfm 
!.%.I seconds out of 51.2 WE. 

i lS2 baduidtb 
l a b  @ 0 . L a  resolution; 

16 cb.anal~-31.2& to 178- 

3x10-8 - 3xlQ3Vm-hI~"~ 12 
(peak and awuge) 

0.6 sample/secwui u e h  channel 
100% 
8 chnarh31.Mir to 17.8 Mlir 

can; 51.2 see/ 

1 second sweep every  12.8 sec. 
10 mettrs t o  100 km 
80db @ 5db resolution; 10' - 

I08 em-3 

20-2x108 ions ea-3 
1-64 AMI @ < 1% o v e r l a p  
1.6 seconds for mass sc;m 

10-7 t o  10-3 torr 



3.0 OVERVIEW OF ORBITER AC ELECTRIC FIELD ENVIRONMENT 

I n  Figure 3 i s  presented a 30 minute summary p l o t  of the  PDP measured 
electric f i e l d s  from 30 Hz t o  S-band f o r  GMT DAY 85 20:30 t o  21:OO. 
t h e  f i g u r e  are the  v a r i e t y  of phenomena which have been detected during the  
mission. Note t h a t  f o r  each frequency, t h e  v e r t i c a l  scale represents  
approximately 100 dB of dynamic range. 

Noted i n  

Very s h o r t  bu r s t s  i n  t h e  VLF range near 20:37 and 20:39 are assumed t o  be 
due t o  t h r u s t e r  f i r i n g s .  
has been i d e n t i f i e d  as a broadband e l e c t r o s t a t i c  noise which is  Orbiter- 
a t t i t u d e  dependent--it peaks when t h e  plasma is  rammed i n t o  the  payload bay 
(-Z axis parallel t o  ve loc i ty  vec tor ) .  
t h e  increased i n t e n s i t y  as the  F a s t  Pulse Electron Generator (FPEG) emi t t s  a 
50 m a  beam of 1 keV e lec t rons .  As t h e  PDP is  moved i n  and near the  beam by 
t h e  RMS (Remote Manipulator System), t he  noise  i s  seen i n  the  channels of the 
MFR. Probably these  emissions occur near t he  e l e c t r o n  gyrofrequency (- 1 MHz) 
and the  plasma frequency (3-10 MHz). 

The changing VLF f i e l d  s t r eng th  from 20:30 t o  20:37 

Also very obvious i n  the  VLF range is  

These FPEG generated plasma waves do not extend up i n t o  the  HFR range, 
t yp ica l ly .  A t  271 MHz (165-400 MHz channel of t he  HFR) i s  seen the  UHF 
downlink t ransmi t te r .  Since t h e  PDP is being ro ta ted  and positioned a t  
various poin ts  j u s t  above the  payload bay, i t  sees d i f f e r e n t  S-band f i e l d  
s t r e n g t h  l e v e l s  a s  indicated. 

Some of these  e f f e c t s  are depicted i n  more d e t a i l  i n  t h e  next section. 
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4.0 TIME VARIABILITY OF OBSERVED NOISE 

The fol lowing series of f i g u r e s  i l l u s t r a t e  t he  time v a r i a b i l i t y  of t he  
VLF e lectr ic  f i e l d  no i se  from t i m e  scales of seconds t o  tens  of minutes. 
Typica l ly  only t h e  UHF and S-band t r ansmi t t e r s  are observed above 178 kHz 
because t h e  r ece ive r s  are less s e n s i t i v e  and plasma-related waves do noe 
extend t o  frequency above 10 M H z .  
k i l o h e r t z  t o  20 MHz are not  seen unless  t h e  FPEG i s  operat ing.  

Thus waves a t  f requencies  of a few hundred 

I n  Figure 4 i s  seen a -  60 dB o v e r a l l  amplitude change i n  the  matter 10 
minutes with s h o r t  b u r s t s  of only seconds i n  durat ion.  The o v e r a l l  t rend  is 
a t t r i b u t e d  t o  t h e  O r b i t e r a t t i t u d e  r e l a t e d  e l e c t r o s t a t i c  noise.  Short  bu r s t s  
are most l i k e l y  th rus t e r s .  
whereas f o r  Figure 5 t h e  PDP is  on the  RMS. The o v e r a l l  l e v e l s  are not much 
d i f f e r e n t  but t h e  l e v e l s  do change with PDP ro t a t ion .  This change i n d i c a t e s  
t h a t  t h e  noise  sources  are e i t h e r  s t rong ly  polar ized  o r  what i s  more l i k e l y ,  
l o c a l i z e d  on t h e  Orbi ter .  
f i e l d  which i n d i c a t e s  t h e  PDP ro ta t ion .  

For Figure 4 ,  t h e  PDP is stowed on t h e  p a l l e t  

Note t h a t  BX i s  a component of t he  e a r t h ' s  magnetic 

Experiment and O r b i t e r  systems can d e f i n i t e l y  a f f e c t  the s i g n a l  
s t r eng ths .  When t h e  FPEG opera tes ,  l e v e l s  increase  by - 20 dB. In the  one 
case of a Primary Reaction Control  System (PRCS) j e t  f i r i n g  a t  GMT DAY 85 
14:36, t he  no i se  a c t u a l l y  decreases  a t  t h e  higher  f requencies .  
gas  output may moderate t h e  Orb i t e r  i n t e r a c t i o n  wi th  the  plasma which produces 
t h e  broadband e l e c t r o s t a t i c  noise.  

The momentary 

Evidence t h a t  t h e  broadband e l e c t r o s t a t i c  no ise  i s  not due t o  an Orb i t e r  
subsystem o r  instrument i s  presented i n  Figure 7 a t  the  t i m e  of a payload bay 
door closing. During t h i s  t h ree  minute i n t e r v a l ,  t he  noise  dropped below t h e  
r e c e i v e r  no ise  l e v e l s  at a l l  f requencies .  
o r i g i n a t e  i n s i d e  t h e  bay; i t  is  sh ie lded  by the  doors. 
opened, t h e  no i se  re turns .  I f  t h i s  no i se  is a s i g n i f i c a n t  problem t o  payload 
instrumentat ion,  it can be minimzed by d i r e c t i n g  t h e  bay away from the  
v e l o c i t y  vector.  

Consequently, the  noise  does not  
When t h e  doors are 
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5.0 SPECTRUM OF ELECTROMAGNETIC NOISE 

Use has been made of t h e  Wideband Analop Receiver (WBR) t o  determine t h e  
s p e c t r a l  na ture  of t h e  electric f i e l d  and magnetic f i e l d  noise.  
covering 0 t o  30 lcHz f o r  s e v e r a l  minutes of t i m e  are shown i n  Figure 8. The 
magnetic f i e l d  noise  shows i n t e n s e  l i n e s  wi th  spacings of Hz, Wfz, 10's Wfz, 
and harmonics. Fur ther  work is i n  progress  t o  i d e n t i f y  t h e  exact frequencies  
and t h e i r  change w i t h  t i m e .  It is  surmized t h a t  these  lines are assoc ia ted  
w i t h  d a t a  c locks and power converters .  

Spectra 

On t h e  o t h e r  hand, t h e  electric f i e l d  s p e c t r a  show a "white noise"  
c h a r a c t e r i s t i c  which does not  change much w i t h  t i m e .  
door c los ing ,  weak s p e c t r a l  l i n e s  were evident  s i n c e  t h e  e x t e r n a l  broadband 
n o i s e  w a s  screened out.  Note t h a t  t h e  WBR has an automatic  g a i n  c o n t r o l  so 
t h a t  t h e  amplitude v a r i a t i o n s  of F igure  4 ,  f o r  example, are not  evident.  

During t h e  payload bay 

By s e a r c h i n g  o v e r  extended per iods  while  t h e  PDP w a s  stowed on the  
F a l l e t ,  values  f o r  t h e  minimum and t h e  maximum noise  l e v e l s  have been obtained 
and displayed i n  F igure  9. These va lues  are c a l i b r a t e d  i n  v o l t s  per  meter and 
normalized t o  a 1 MHz bandwidth- The electric scales as 20 log ( e l e c t r i c  
f i e l d ) ,  whereas, t h e  bandwidth scales as 10 l o g  (bandwidth) as t h e  d a t a  are 
presented. Also p l o t t e d  f o r  comparison are t h e  broadband electric f i e l d  
l i m i t s  f o r  t h e  S h u t t l e  itself and f o r  a payload. When t h e  FPEG is not 
opera t ing ,  above t h e  14 kHz c u t o f f ,  t h e  maximum l e v e l  (open c i r c l e s )  does not  
exceed t h e  payload l i m i t .  
t h e  l e v e l s  are increased  by - 20 dB i n  t h e  VLF range. 

When t h e  FPEG o p e r a t e s  with t h e  PDP i n  t h e  beam, 

Narrowband magnetic f i e l d  s t r e n g t h s  are much less v a r i a b l e  (< 2 10 dB) 
from t h e  minimum t o  maximum observed l e v e l s .  These l e v e l s  are not 
O r b i t e r - a t t i t u d e  dependent and i n  f a c t ,  t h e  l e v e l s  were above t h e  maximum 
door-opened l e v e l s  w i t h  t h e  payload bay doors closed. It is  surmized t h a t  
t h e s e  l e v e l s  are due t o  O r b i t e r  subsystems which should be s l i g h t l y  time 
dependent as systems t u r n  ONIOFF. During FPEG opera t ions ,  l e v e l s  i n  the  
1-100 W z  range are increased. 
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6.0 UHF AND S-BAND TRANSMITTER FIELD STRENGTHS 

One f i l t e r  channel  of t h e  PDP HFR covered t h e  band of 165-400 MHz which 
inc ludes  t h e  295 KHz frequency of the  UHF voice downlink t r ansmi t t e r .  When 
t h i s  t r a n s m i t t e r  w a s  keyed ON and connected t o  t h e  upper antenna, a s i g n a l  w a s  
de t ec t ed  by t h e  PDP as shown i n  Figure 3. These measured f i e l d  s t r e n g t h s  were 
always below 0.5 V/m w i t h  t h e  PDP on t h e  RMS and below 0.1 V/m a t  t h e  PDP 
p a l l e t  loca t ion .  Average and peak f i e l d  s t r e n g t h s  are given i n  t h e  fo l lowing  
t a b l e :  

Locat ion/Field S t r eng ths  2 2dB Peak - Average 

PDP on Pallet  a t  13 meters from Antenna 

These l e v e l s  t e d  s u s c e p t i b i l i t y  
f i e l d  s t r e n g t h s .  

287.5 MHz) can 

could be a t  damage 
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F i e l d  S t r eng ths  Relations 
(v/m) 

P red ic t ed  F i e l d  S t rengths  49.6 /R (meters)  
Measured wi th  PDP (+ 2 dB) 90.3 /R (meters)  
Ca lcu la t ed  @ (150 Watts) 94.9 /R (meters)  

The c a l c u l a t e d  va lue  assumes t h a t  a l l  of t h e  power is  emi t ted  i n t o  a 
hemisphere (2 TI s t e r a d i a n s )  w i th  100% e f f i c i e n c y .  

I n  t h e  an tenna  beam, t h e  f i e l d s  exceed 20 V/m i n s i d e  of 5 meters. 
However, wi th  t h e  PDP on t h e  p a l l e t  a t  a range of 13 meters o f f  t he  edge of 
t h e  beam, t h e  f i e l d s  were not  observed a t  t h e  threshold  of 2 V/m whereas t h e  
in-beam p r e d i c t i o n  would be 7V/m. Consequently, payload bay ins t rumenta t ion  
i s  not  sub jec t ed  t o  damage levels. 

7.3 HFR - 
Because of t h e  v a r i e t y  of bandwidths, t h e  dynamic range is  l i s t e d  i n  the  

fo l lowing  t a b l e :  

Slope Center Freqency Bandwidth Minimum Maximum 

40 MHz 20 - 65 MHz -40 dBV/m +32 dBV/m 16 dB/V 
100 65 - 165 -40 +32 16 
250 165 - 400 -3 1 +4 1 
6 00 400 - 800 -22 +52 16 

l 6  . 
dBV/m- Maximum dB $. 16 dB V/m * Output Voltage -80 dB 

7.4 SBR - 
Only t h e  l i n e a r  d e t e c t o r  on t h e  S-band system operated.  An RF r e l a y  

f a i l u r e  prevented t h e  S-band s i g n a l  from g e t t i n g  t o  t h e  log-detector.  Using 
c a l i b r a t i o n s  a t  GSFC and Iowa before  f l i g h t  and r e -ca l ib ra t ion  a f t e r  f l i g h t ,  
i t  is  determined t h a t  t h e  linear response is  

V/m = 5.7 * Output Voltage a t  2287.5 MHz Boresight 

g i v i n g  a f i t  t o  t h e  f i e l d  wi th  range of about 

90 V/m 
V / m  = R (meters)  

where R i s  t h e  d i s t a n c e  from t h e  S-band quad antenna 
i n  t h e  nominal beam. 

8.0 COMMENTS 

Comprehensive sets of O r b i t e r  no ise  spectrum measurements have been 
obtained.  It i s  found t h a t  t h e  no i se  l e v e l s  do not  exceed the  worst  case 
p r e d i c t i o n s  f o r  t h e  Orb i t e r .  
more s e n s i t i v e  t o  o b t a i n  t h e  sc i ence  and t h e  EM1 d a t a  on Spacelab-2 e s p e c i a l l y  
s i n c e  t h e  PDP measures t h e  O r b i t e r  a t  100 meters range. It is  hoped t h a t  
t h e s e  improvements i n  s e n s i t i v i t y  can be made f o r  Spacelab-2. 

Consequently, t h e  receivers r e a l l y  need t o  be 
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ADDITIONS TO 
DR. s, WAN 
PEW AT 1 ON 

TABLE 4 

S'J'S- ,/PUP RECEIVER CHARACTERISTICS 

\ 'ERY LON FREQUENCY [ V L F R )  

LiOl1RI.E SPHERE At?'I'EI?NA FOR ELECTRIC F I E L D  
S f F F C l i  COIL ANTEItNA COR FIAGNWIC F I E L D  
1 6  (13hl:NELS ( x 2  SYS'l'f.rlS) 
30 HZ To 178  K H Z  
WII3EBAND RECEIVER 30 HZ TO 30 KHZ 

1.1 t DIUM FREQUENCY RECEIVER (ElFR) 

8 CIIA\IJNELS 
31 1 KHZ TO 1 7 . 8  FlHZ 
6 5  i )R  DYNAMIC RANGE 

HIGH FREQUENCY RECEIVER ( H F R )  

4 ( I l / \ N N E L S  
2 0  I.1112 TO 800 F I H Z  

S - B A N D  RECEIVER ( S B R )  

4 CtiItI?NELS WITH I,OG DETECTOR ( F A I L E D )  
1 CIiAtJNEL WITH LINEAR DETECTOR - 7 2 0 0  MHZ r 300 M H Z  

c 
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TABLE 17 

ORBITER-GENERATED ELECTROSTATIC NOISE 

e OBSERVED CHARACTERISTICS 

A SPECTRAL EXTENT - 30 HZ TO 178 KHZ 

A SPECTRAL PEAK - 0.1 VIM e 0.3 KHZ 

A VARIABILITY - 70 DB OVER ORBIT 

A MAGNETIC COMPONENT - NONE DETECTABLE OVER ORBITER MAGNETIC YIELD EM1 

A LOCATION - COMPLETELY DISAPPEARS WITH PAYLOAD BAY DOOR CLOSED1 

IMPLIES EXTERNAL TO ORBITER 

- NO SIGNIFICANT DIFFERENCE WITH PDF ON R n S t  IMPLIES GENEMTED 

IN LARGE VOLUME 

b TllRUSTER RESPONSE - HIGH FREQUENCIES [ >  10' KHZI ARE ATTENUATED 

DURING FIRINGS 

- LOW FREQUENCIES ENHANCED I F  NOT ALREADY PRESENT 

A ORBITER ATTITWOE - MAWdINTENSITY - RAM 
I 

DEPENDENCE - MIN INTENSITY - WAKE 
- SEE LOW FREQUENCY AT ALL ATTITUDES EXCEPT EXACTLY WAKE 
- SEE HIGH FRtOlJENCY ONLY - RAM 

r 

c 

0 TENTATIVE INTERPRETATION 

A WAVE MODE ION ACOUSTIC 

A PHASE/GROUP VELOCITY v - 2 x x 103 M/SEC 

A MINIMUM WAVCLENGTH A [MINI - 211 [DEBYE) 

A (MIN) - 0.02 METERS 

A MAXIMUM DOPPLER P (MAX) - V/X (FIIN) - 100 KHZ 
SHIFT FREQUENCY 

A MAXIMUM WAVELENGTH i (MAX) - 10 LARMOR RADII 
A MINIMUM FREOUENCY F (MINI - V/A (MAX) - 30 HZ 

e POSSIBLE ORBIT ENERGY DISSIPATION 

A ENERGY DENSITY (STIX) W a 0 0 t o  e E2) [MRSI 

50 kHzI2  1 
W - \-I 0 '2 9 X 0 (0.1 V / M ) 2  

W - 1 x loW9 Joules/m3 

A VOLUME ESTIMATE V -  (10 LARMOR - ( R i ) 3  

v - 2.2 105 m3 

A TOTAL ENERGY/VOLUHE W.V - 3 x IOk4 Joules 

n . v 
PO\.(ER p = T-biii Velocity 
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(SEE 
POP IN WAKE 
LOW FREOUENCIES 1 

POP IN RAM 
(SEE ALL FREOUENCIES 

1 1 1 1 1  

DAY 03 

TABLE 9A 

l lHf/S-BAIJD TFAKSEII'I'TER f l  ELD STRENGTHS 

UHF VOICE LINK ( 1 6 5 - 4 0 0  M H Z )  

* P A L I X T  IDCATION: < 0.1  V/I.lETER 
R?:S SCANS: < 0 . 5  V/ElEI'ER 

S-RAND CONI.IUNlCATIOf~S L!NK ( 2 2 0 0  t 300 H H Z )  

V/M @ 1M 

l.:FASURED WITH PDP ( t  2 DB) 9 0 . 3  
LXPECTED @ 1 5 O W  49.6 
C A I C U L R T E D  1 5 0 W  9 4 . 9  
( I  00% INTO HEMISPHERE) 
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OSS-l/STS-S SHUTTLE INDUCED ATMOSPHERE EXPERTJ!lENT 

J. L. Weinberg, F .  Giovane, D. W. Schuerman*, R. C. Hahn 
University of Florida 
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SHUTTLE ENVIRONMENT WORKSHOP 
OCT 5 - 7, 1982 
CALVERTON , MARYLAND 

F I R S T  RESULTS - 
CHARACTERISTICS OF THE SHUTTLE/SPACELAB LNDUCED ATMOSPHERE ( S I A )  

SPACE ASTRONOMY LABORATORY 
UNIVERSITY OF FLORIDA (EXPERIMENT WAS STARTED AT SUNY ALBANY) 
G A I N E S V I L L E  , FL 

JERRY WEINBERG 

FRANK GIOVANE 

DON SCHUERT4AN t 

D I C K  HAHN 

P R I N C I P A L  INVESTIGATOR 

CO- INVESTIGATOR 

CC-INVESTIGATOR 

PROJECT ENGINEER 

EXPERIMENT O B J E C T I V E S  

- O R B I T E R  ENVIRONMENT DETERMINE THE O P T I C A L  P R O P E R T I E S  OF THE SHUTTLE 
INDUCED ATMOSPHERE [BRIGHTNESS,  COLOR, POLARIZATION, 
ANGULAR DEPENDENCE, TIME VARIATIONS] ,  ITS  EFFECTS ON 
DAYTIME ASTRONOMICAL AND EARTH-VIEWING OBSERVATIONS, 
AND ITS P O S S I B L E  E F F E C T S  ON NIGHTTIME INFRARED 
OBSERVATIONS. 

- ASTRONOMY DETERMINE THE BRIGHTNESS,  COLOR, AND POLARIZATION O F  
THE D I F F U S E  ASTRONOMICAL BACKGROUND, WITH EMPHASIS ON 
THE MILKY WAY AND I N  SKY REGIONS CLOSER THAN 90 DEG 
TO THE SUN. USE THESE DATA TO EXAMINE THE INTEGRATED 

INCLUDING A P O S S I B L E  EVOLUTIONARY SEQUENCE OF INTER- 
STELLAR (MILKY WAY) GRAINS TO COMETS TO INTERPLANETARY 
DUST. 

PROPERTIES OF DUST I N  THE SOLAR SYSTEM AND MILKY WAY, 

DR. DONALD W. SCI!ZEI?*!AN PLGS K I L L E D  I N  AN AUTOMOBILE ACCIDENT ON MAY 19, 1982. t 

I Preceding page blank 
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STS-3 O P T I C A L  ENVIRONMENT 

RELATIVE* 
BRIGHTNESS - SOURCE 

2 - SUN 

4 l o9  - F U L L  MOON 

VARIED - PLANETS 

- ASTRONOMICAL BACKGROUND RADIATION 

50i - 22OOii 

30 - 1000 - BACKGROUND STARLIGHT 

INTERPLANETARY (ZODIACAL LIGHT) 
VARIED MILKY WAY - DISCRETE STARS 

1 EXTRAGALACTIC SOURCES 

- TERRESTRIAL 

S U N L I T  EARTH (DAY) 
TWILIGHT 
ATMOSPHERIC E M I S S I O N S  (AIRGLOW, AURORA) 
'I DARK" EARTH 

BAY L I G H T S  
CABIN LIGHTING 
F P E G  FILAMENT 
F P E G  E m C T R O N  BEAM 
SUNLIGHT THROUGH CABIN BAY WINDOWS WHEN I N  NOSE-SUN ATTITUDE (?) 
THRUSTER F I R I N G S  AND ASSOCIATED PHOTOCHEMICAL REACTIONS 
PHOTOCHEMICAL REACTIONS ON O R B I T E R  SURFACES 
ORBITER/PAYLOAD-INDUCED GASEOUS MATERIAL 
ORBITER/PAYMAD-INDUCED PARTICULATE MATERIAL 
DIREZTLY- AND INDIRECTLY-ILLUMINATED O R B I T E R / P A Y L O m  

SURFACES FROM ALL OF THE ABOVE 

* 
THESE ARE ALSO ABSOLUTE VALUES, I N  U N I T S  OFTEN USED I N  LOW L I G H T  LEVEL S T U D I E S :  

EQUIVALENT NUMBER OF 10th MAGNITUDE STARS O F  SOLAR TYPE PER SQUARE DEG [ S l o ( V )  U N I T S ]  
 NEAR THE ECLIPTIC POLES 

i i ~ ~  30 DEG FROM THE SUN IN THE ECLIPTIC 
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/ 

FILTER CENTRAL 
POSITIGH WAVELENGTH 
Al b o l d  

E1 6091 
E2 6291 
83 6447 
e4 1120 

22.10 t o  1200 85 8229 

c 
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8EC 

CLOSE S m  
C W G E  FILTER 
o m  s m  
COrnIlllfe 
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filter wheel B 

. 
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SIA OPERATIONS, OSS-l/STS-3 

ORBIT OF NOMINAL 
RUN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

22a 

23 

24 

25 

26 

27 

28 

29 

30 

31 

START 

4 

5 

6 

7 

8 
- 

10 

1 2  

1 3  

14 
- 

19 

20 

24 

25 

26 

28 

31 

32 

44 

66 

7 1  

72 

75 

104 

105 

106 

107 

108 

109 

110 

111 

ATTITUDE GMT START 

---I d h m s  
PTC 81 21 04 34 

VARIOUS 81 22  41  15 

VARIOUS 82 00 25 00 
(DRIFT, IH) 
VARIOUS 1H;TS 82 02 00 00 

TAIL-SUN 

TAIL-SUN 

TAIL-SUN 

TAIL-SUN 

TAIL -SUN 

TAIL-SUN 

TAIL-SUN 

PTC 

PTC 

PTC 

PTC 

PTC/NOSE-SUN 

NOSE-SUN 

NOSE-SUN 

NOSE-SUN 

BUW-ATT 
NOSE-SUN/RCS 

I’~~/NOSE-SUN 

NOSE-SUN 

PTC 
PTC 

PTC 
PTC 
PTC 
PTC/IMU IH 
IMU IH/PTC 
PTGITAIL-SUN 

82 03 42 00 

MOT RUN 

82 06 43 00 

82 08 51 00 

82 10 30 01 

82 12 10 2 1  

NOT RUN 
82 19 00 00 

82 20 36 02 

83 03 00 00 

83 04 38 14 

83 06 23 00 

83 07 59 58 

83 12 36 45 

83 14 14 04 

84 07 46 59 

85 17 40 01 

85 23 45 00 

86 01  56 46 

86 05 46 10 

88 01 32 01 

88 03 10 00 

88 04 45 00 

88 06 20 01 

88 07 55 00 

88 09 30 01 

88 11 05 00 

88 12 40 01  

GMT END 

- _ - -  d h m s  
81 22 38 34 

82 00 15 15 

82 01 59 00 

82 03 34 00 

82 05 15 00 

82 08 17  00 

82 10 25 00 

82 12 03 56 

82 1 3  44 21 

82 

82 

83 

83 

83 

83 

83 

83 

84 

85 

86 

86 

86 

88 

88 

88 

88 

88 

88 

88 

88 

20 34 

22 10 

04 34 

06 12  

07 57 

09 33 

14 10 

15 48 

09 20 

19 14 

01 19 

03 30 

07 20 

03 10 

04 44 

06 19 

07 54 

09 29 

11 04 

12 39 

14 00 

00 

02 

00 

14 

00 

58 

45 

04 

59 

01 

00 

38 

02 

00 

19 

20 

21 

20 

20 

20 

54 (this run  was 
s h u t  down early) 
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2 

3 

Representakve frames, SIA/STS-3, 16 mm Maurer camera 
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REPRESENTATIVE CAMERA FRAMES 

THE I~MM CAMERA FRAMES ARE REPRESENTATIVE OF THE LIGHTING CONDITIONS/SOURCES 
THAT WERE ENCOUNTERED DURING STS-3. EACH O F  THE FIVE SETS CONTAINS SEVERAL 
FRAMES. SETS 1 AND 2 ARE P R I N T E D  I N  REVERSE, BUT T H I S  DOES NOT AFFECT THE 
RESULTS. THE V E R T I C A L  L I N E S  ON SETS 1 THROUGH 4 ARE DUE TO FIIM CRACKS. THE 
D I F F U S E  GLOWS I N  2 AND 4 A R I S E  FROM ELECTROSTATIC FOGGING. 

SUMMARY: 

1 & 2 .  

3 .  

4. 

5. 

THE FRAMES NEAR CENTER SHOW PART OF THE ILLUMINATED T A I L  ASSEMBLY 
AND E N G I N E  POD. THESE FRAMES CORRESPOND TO EXPOSURES STARTED AT 
ELEVATION 45 DEG A S  THE INSTRUMENT SCANNED TOWARD THE T A I L ;  I . E . ,  
THE SHUTTER WAS STILL OPEN WHEN THE ORBITER ENTERED THE F I E L D  OF 
VIEW OF THE CAMERA/SUNSHIELD. 

THE FRAME NEAR CENTER SHOWS THE EARTH'S LIMB BEHIND AND T O  E I T H E R  
S I D E  O F  THE DARK ENGINE POD. 

THE TWO RIGHT-MOST FRAMES SHOW DARK SKY WITH THE CAMERA SUNSHIELD 
BAFFLES BEING ILLUMINATED BY AN OFF-AXIS SOURCE O F  LIGHT.  

FRAMES 1 AND 4 ARE COMPLETELY OVEREXPOSED. THE SUNSHIELD I N  FRAME 3 
IS  DARK, THEREBY RULING OUT OFF-AXIS STRAYLIGHT. THE BRIGHT CENTRAL 
REGION CORRESPONDS T O  THE SKY I T S E L F  BEING BRIGHT. 

PHOTOGRAPHS SUCH AS THESE ARE AN IMPORTANT DIAGNOSTIC TOOL I N  EVALUATING 
LIGHTING CONDITIONS A S  S E E N  FROM THE S I A ' S  PALLET-MOUNTED P O S I T I O N  AND I N  
EVALUATING MEASUREMENTS WITH THE BORESIGHTED PHOTOPOLARIMETER. 
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R PROTECTIVE SHUTTER OPEN/ClOSE (a) HISTORY * 

5 + 
'4 10 20 30 40 50 80 70 80 90 100 110 120 130 WO 150 

SCAN NUMBER 

t 
1 

t t  
8 2  

t t  
4 s  

t 
3 

t t  
N O ? E ~ : ~  6 

1 RUN 4 
2 RUN 5 
3 RUM 10 
4 RUN 10 
5 RUN 10 
6 RUN 13 
7 RLW 31 
8 RUN 31 
9 RUN 31 

TAItSUN ATTITUDE FUOM SCAN 87 TO SCAN 103 
SWITCH TRACKS ON FLIGHT RECORDER 
ILn Loss 
ILn LOSS. TRACK SWITCH 
m Loss 
FLIGHT RECORDER TRACK SWITCH 
START OF TAIL-SUN All'ITUDE 
TAPE DROPOUT, NOT RECOVERABLE 
END OF RUM 

1 
8 
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TELESCOPE ELEVATION IDEG.) 
114 W.0 #I.* UU 

* r  ' 
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SUMMARY OF FIRST RESULTS 
SHUTTLE INDUCED ATMOSPHERE EXPERIMENT 

OPTICAL ENVIROKMENT 

TWO MAJOR SOURCES OF LIGHT WERE SEEN I N  THE BAY DURING SPACECRAFT DAY: 

2.  INDIRECT LIGHT FROM THESE SAME SOURCES (REFLECTED OFF P A R T ( S )  O F  

TENTATIVE IDENTIFICATION HAS ALSO BEEN MADE OF BRIGHTNESS ARISING 
FROM SUNLIGHT REFLECTED OPF PARTICULATES ORIGINATING FROM THE ORBITER 
AND ITS PAYLOAD: I . E . ,  SPACECRAFT CORONA OR INDUCED ATMOSPHERE. 
SEVERAL SOURCES OF LIGHT WERE ALSO OBSERVED DURING SPACECRAFT NIGHT: 

2.  SURFACE GLOWS ON THE ORBITER I N  THE DIRECTION O F  ITS ORBITAL MOTION, 
3. P E R I O D I C  SKY BRIGHTNESS "STRUCTURES" -OBSERVED PRIMARILY AT 4200A 

- 
1- DIRECT LIGHT FROM THE SUN AND FROM THE S U N L I T  EARTH, 

THE ORBITER AND ITS PAYLOAD). 

1. LARGE SCALE DIFFUSE GLOWS ASSOCIATED WITH VERNIER THRUSTER F I R I N G S ,  

AND 6300fi - WHICH ARE NOT YET POSITIVELY I D E N T I F I E D .  

PARTICULATE ENVIRONMENT 

ON-BOARD TELEVISION I N  A SPLIT-SCREEN "STEREOSCOPIC'! FORMAT WAS USED I N  
AN ATTEMPT TO PROVIDE INFORMATION ON S I Z E S  AND TRPJE'CTORIES OF INDIVIDUAL?. 
CONTAMINANT PARTICULATES. DUE TO POOR STATION CONTACT/TERMINATOR TIMING 
AND LACK OF C M W  INVOLVEMENT, THE SELF-CONTROLLED TV MONITORS WERE OVER- 
POWERGD BY LIGHT I N  THE BAY AND ONLY A FEW PARTICLES COULD BE SEEN. SOME 
IWFORMATION IS  AVAILABLE ON THESE PARTICULATES FROM THE "STANDARD", SINGLE- 
FRAME TV FORMAT DATA; I.E., THE LARGE NUMBERS OF PARTICULATES SEEN DURING 
TAIL- SUN. 

ASTRONOMICAL BACKGROUND 

ASTRONOMICAL DATA WERE OBTAINED FROM MEASUREMENTS OVER LARGE REGIONS OF THE 
MILKY WAY AND ZODIACAL~LIGMT, INCLUDING REGIONS TO WITHIN 35 DEG OF THE 
SUN AND POSSIBLY CLOSER. 

OTHER 

COORDINATED AND SOMETIMES SIMULTANEOUS OBSERVATIONS WERE SUCCESSFULLY 
MADE FROM MT. HALE!AI(ALA , HAWAII AND FROM STS-3 TO PROVIDE UNIQUE 
INFORMATION ON ATMOSPHERIC SOURCES AND S I N K S  OF RADIATION. 

A-266 



SOLAR ULTRAVTOLET SPECTRAL IaRADIAWCE MONPTOR 
EXPERIMENT ON OSS-1 

M. E. Vanflossier 
Naval Research Laboratory 
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SOLAR ULTRAVIOLET SPECTUL TRRADZANCE 
MONITOR EXPERIMENT ON OSS-1 

Michael E. VanHoosier 
E. 0. Hulburt Center f o r  Space Research 

Naval Research Laboratory 
Washington, D.C. 20375 

The need t o  improve t h e  accuracy of measurement. of t h e  abso lu te  solar 

f l u x  wi th in  t h e  wavelength range 120-400 nm requ i r e s  an  ex tens ive  e f f o r t  

i n  contamination c o n t r o l  and i n  t r ack ing  t h e  instruments s t a b i l i t y .  The 

techniques used i n  the  So la r  U l t r a v i o l e t  S p e c t r a l  I r r ad iance  Monitor (SUSIM) 

flown by t h e  Naval Research Laboratory on OSS-1 w i l l  be described. 

methods have r e s u l t e d  i n  very h igh  c a l i b r a t i o n  s t a b i l i t y  as proven by pre- 

f l i g h t  and p o s t - f l i g h t  c a l i b r a t i o n .  

accuracy provided by the  S h u t t l e  a t t i t u d e  c o n t r o l  system w i l l .  a l s o  be 

These 

In - f l i gh t  c a l i b r a t i o n  and t h e  poin t ing  

d iscussed .  

SOLAR U L T R A V I O L E T  S P E C T R A L  I W R A D I A N C E  M O N I T O R  
( S U S I M )  

P .  I * : G . E .  BRUECKNEW 
P R O J E C T  S C I E N T I S T :  M * E I  VANHOOSIER 

CO-I: D * K *  P R l N Z  
CO-I: J . - D . F .  BARTOE 

' PROJECT MANAGER: R * J *  SCHUMACHER 

E .  0.  HULBUR 

NAVAL 

CENTER FOR SPACE RESEARCH 

RESEARCH LABORATORY 

WASHINbTON,  D - C -  20375 

c 
I 
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S C l t N l  I F l C  O R J € C f I V E  

H I G H  I ’HECISION SOLAR UI I R A V I O L E T  IRRADIANCE MEASUREMENTS 

I O  D E l E K M l N E  ABSOLUTE I L U X  I N  THE 120-400 NM REGION AND 

I T S  V A H l A l l O N  OVER AN 11-YEAR SOLAR CYCLE. 

F l R S r  F L I G I I T  OF A NEW HI611 P R E C I S I O N  PIIOTOMETEH 

IMPROVEMENTS OVEH P H E V I U U S  INSTRUMENTS: 

1 .  I N - F L  I tiHT TRACK I NG SOURCE 

2.  TWIN SPECTROMETERS 

3.  

4. MULT I-DETECTOR APPROACH 

DOUBLE D I SPERS I ON ARRANGEMtNT 

5 .  USE OF J I I G l l  S T A B I L I T Y  DIODES 
6. I N - F L I G H T  E L E C T R I C A L  C A L I B R A T I O N  

7.  COMPUTER-CONTROLLED OBSERVING SEQUENCES 
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SUSIM 
INSTRUMENT 

120-400 nm 
f 6-9% 

~ 
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WAVELENGTH (rim) 

PREFLIGHT/POSTFLIGHT SENSITIVITY RATIO 

45 

40 

35 

30 

I r.5 V PCA-TD- PCAIC 
56Q - 7 0 0  HI% 25 

20 

15 

10 

5 

TIM (SECONDS) 

FIgure 7.2.2-1 ,Transient Voltage Llrltr o f  A f t  M: Buses fl and C 



-0.3 I, 

SUSIM-TO-ORB1 TER 
ALIGNMENT 

A - PRE-LAUNCH ALIGNMENT 
B AFTER TOP-TO-SUN MANEUVER 
C - AFTER NULLINGS 
0 .. AFTER 11 HOUR DRIFT 
E - AFTER IMU REALIGNMENT 

SUSIM-TO-ORBITER ALIGNMENT 

YA9 
.2 ' 

0 .  

-.2 ' 

I 
I (DEG) I 

I - I * -  
: I  -. -c - - - - - -  ; -- -- 

I 
I 
I - I  

I 

1 l e  

I I I I I I I 1  I 1 1 . 1  I I 1  L 
e 10 12 14 16 18 20 22 0 2 
DAY 5 DAY 6 

MISSION ELAPSED TIME (HRS) 



4 I I '  I t I I I I 

SUSIH POINTING ERROR 

I NULL 

SUNRISE SUNSET 

. I I 

5 10 15 20 25 30 35 bo 45 
TIHE (minutes) 
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RESULTS OF THERMAL ENVIRONMENT MEASUREMENTS 

GET AWAY SPECIAL ENCLOSURE 
ON THE THERMAL CANNISTER EXPERIMENT AND 

S. Ollenqorf and D. Butler 
Goddard Space Flight Center 
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INSTRUMENTATION 

OFLUX SENSORS 

0 CUPS CONTAINING THERMALLY ISOLATED SURFACES 

0 PRT SENSORS WHICH EASURED TEMPERATURE 

0 SILVER TEFLON COATED (SAME AS CANISTER RADIATORS) 

0 SIGNAL CONDITIONED THROUGH CANISTER ELECTRONICS 

0 PREVIOUSLY FLOWN ON oso, IMP AS COATING 
EXPERlMEhlT , 

SENSOR CUP DESIGN 

THERMISTOR NETWORK SECURED SAMPLE 
WITH CONDUCTIVE EPOXY RESIN . DISK INNER CUP 

SECURED WITH ClBA EPOXY RESIN 

SCALE{ I SELECTRO FEEDTHROUGH 
0.25 IN. 

1 Preceding page blank 
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FLUX SENSOR LOCATIONS 

THERMAL CANISTER 
EXPERIMENT (TCE) 

FLUX SENSOR TEMPERATURE HISTORY 
(-Xsl MODE) 



FLUX SENSOR TEMPERATURE HISTORY 
1 + ZSJ MODE) HOT ORBIT 

- 40 

-80 

-80 

0 5 0 w 1 9 0  
TIME IN ORBIT WINS1 

*PREDICT$ ARE BASED ON ZERO MASS NODES 

FLUX SENSOR HISTORY (-2~" MODE) 
COLD ORBIT 

Y 
aw $ -160 

8 0  30 60 90 
t.,,,,,,,, 

PREDICTS* -120 

-160 

L d 4 - L - d  
0 30 60 90 

-nab PREDICTS. 

u- 
0 30 60 90 

PREDICTS. :::p 
0 30 60 90 

TIME IN ORBIT (MINSI 

*PREDICTS ARE BASED ON ZERO MASS NODES 
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FLUX SENSOR TEMPERATURE HISTORY (PTC 

u -8O0 30 60 90 

MODE) 

, 
TIME IN ORBIT IMINSI 

0 30 60 90 

O r  

-60 t u -8O0 30 60 90 

0 r STBD 

0 30 60 90 

c # 

- 
-2 

MEASURED 

WlftZ 

WDL 5.8 

W D U  4.6 

PORTL 5.4 

PORTU 4.7 

A n ;  4.8 

A n ;  4.9 

STBDL 6.1 

STBDu 6.2 

ORBITAL AVERAGE FLUXES 

- 
PREDICT 

wmz 

1.9 

1.9 

1.7 

2 8  

PTC 
JlEASURED 

Wlft2 

16.8 

11.7 

17.3 

12.5 

13.4 

12.5 

15.7 

12.5 

a 
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APPROXIMATE MLI TEMPERATURES FOR 
THE FOLLOWING ORBITAL CASES: 

ORBITER ATTITUDE FLIGHT DATA PREDICTIONS 

*TAIL TO SUN 
PALLET -80'6 (MINIMUM) -1  12 
UPPER PLATFORM -6OOC (MINIMUM) -118 
LOWER PLATFORM -48OC (MINIMUM) -112 

eNOSE TO SUN 
PALLET -151-48OC (MAXIMIN) - 531 - 86 
UPPER PLATFORM -5OI-6O0C (MAXIMIN) -571-91 
LOWER -48OC (MINIMUM) -851-56 

@BAY TO SUN 
PALLET 1 OO'CI- 1 O°C (MAXIMIN) 107I65 
UPPER PLATFORM +75I + 1 O°C (MAXIMIN) 103163 
LOWER PLATFORM +80I +3Q°C (MAXIMIN) 117m 

f T 

THERMAL ENVIRONMENT QSS-1 
THERMAL CANISTER EXPERIMENT RESULTS 

OBJECTIVE: 

RATIONALE: 

METHOD: 

TO MEASURE TOTAL ABSORBED FLUX ON 
THERMAL CANISTER RADIATORS IN ORDER TO 
DETERMINE HEAT REJECTION CAPABILITY 

OSS-1 PALLET CONTAINED A VARIETY OF 
INSTRUMENTS WITH IRREGULAR SURFACE 
GEOMETRY AND PROPERTIES WHICH LIMITED 
PREDICTABILITY 

MEASURE TEMPERATURE (T ) OF ISOLATED 
SURFACES AND CALCULAT~FLUX: 

Q -= E oTs4 A 
WHERE: 

QIA = ABSORBED FLUX (WIFT2) 
E == EMMITTANCE 
CJ 5 STEPHEN-BOLTZMANN CONSTANT 
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KAPTON EROSION 

0 KAPTON ON EXTERNAL SURFACES SUFFERED CONSIDERABLE 
EROSION DURING FLIGHT IN RAM DIRECTION 

@SAMPLES REMOVED FROM THE TCE WERE MEASURED FOR 
WEIGHT LOSS, SOLAR ABSORBTANCE, IR EMITTANCE, 
TENSILE STRENGTH AND PERCENT ELONGATION 

@ SURFACE TEMPERATURE WAS APPROXIMATELY 

@RESULTS SHOWED BETWEEN 16-35% WEIGHT LOSS, A 
CHANGE IN ff / €  FROM .62 TO .83, A CHANGE IN TENSILE 
STRENGTH FROM 22 TO 18K PSI AND PERCENT ELONGATION 
FROM 38 TO 10% 

0 CAUSE THOUGHT TO BE FROM INTERACTION OF ATOMIC 
OXYGENlUV AND TEMPERATURE 

0 COVERING WITH BETA CLOTH OR COATINGS WILL 
PROBABLY OFFER ENOUGH PROTECTION FOR FUTURE 
APPLICATIONS 



GSFC GAS CANS & ADAPTER BEAM 
EXTERNAL NODAL BREAKDOWS STS-3 
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GAS THER AL RESULTS 

ADAPTER BEAM (HOT-BAY TO SUN) 

ADAPTER BEAM (COLD-NOSE TO SUN) 

BOTTOM COVER (HOT-BAY TO SUN) 

BOTTOM COVER (COLD-NOSE TO SUN) 

TOP COVER (HOT-BAY TO SUN1 
(BRACKET) 

TOP COVER (COLD-NOSE TO SUN) 
(BRACKET) 

PREDICTIONS PLIGHT 

+ 37OC +_46OC (a= .32) ( a =  .36) 
+ 45 TO + 5OoC 

-78'6 -40OC 

+ 63OC +60TO +65OC 
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O S - 1  THERM ISTOR TEMPERATURES 
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SUMMARY 

@FLUX LEVELS MEASURED IN ALL STS ATTITUDES ARE 
HIGHER THAN PREDICTIONS 

@IN COLD (-ZLV) AND MODERATE (TXSl) ATTITUDES FLIGHT 
RESULTS ARE A FACTOR OF 2 TO 3 HIGHER THAN PREDICTS 

0 IN HOT AlTlTUDE MUCH BETTER AGREEMENT OCCURRED 

CONCLUSIONS 

e IN COLD OR MODERATE ATTITUDES OTHER SOURCES MAY 
BE CONTRIBUTING TO ADDED INPUTS LE. ALBEDO, EARTH 
SHINE, SHUTTLE BACKGROUND, ETC. 

0 IN HOT ATTITUDE SMALLER DIFFERENCES COULD BE 
ATTRIBUTED TO COATINGS ASSUMPTIONS OR CALCULATION 
UNCERTAINTY 

THERMAL CANISTER EXPERIMENT (TCE) 
RE-ENTRY DATA 

-Til - 
START 400,000 BAY !WHEELS AIR PURGE FREON 

RE-ENTRY FEET VENTING DOWN HOOKUP PURGE 
- 
-20,. 1 1 ,  A+-!- I L+L I + I +  _ _  _ _  

15:OO 1510 1520 1530 1540 15:50 1600 1610 1620 1650 

TIME (GMT) 
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STS-3 "SNOWFLAKE" STUDY 

J. Barengoltz, C. Maag, F. Kuykendall 
Jet Propulsion Laboratory 

' Preceding page blank 
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STS-3 “SNOW FLAKE” STUDY 

Carl Maag 
Jack Barengoltr 

Frank Kuykendall 

6 October 1982 

SHUTftE ENVlRONMENf WORKSHOP 

JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

BACKGROUND 

0 DURING STS-3 M I S S I O N  A SIGNIFICANT NUMBER OF PARTICES WERE 
OBSERVED BEING REEASED FROM THE ORBITER 

0 VIDEOTAPE RECORDINGS WERE MADE ON DAYS (MET) 3 AND 7 

0 USAFlSD (YOOR) FUNDED REDUCTION OF T H I S  OATA TO OBTAIN 
SOURCES AND SIZES 

9 JPL IMAGE PROCESSING LAB REDUCED VIDEOTAPES 



APPROACH 

BASIC DATA - VIDEOTAPE FORWARD BAY TV CAMERAS 

* ORIENTATION 

CAMERA VIEW AFT 

ORBITER TAIL TO SUN (1. PLANE OF PHOTOS) 

ORBITER VELOCJTY + Y  (EFTWARD IN PHOTOS) 

0 APPARENT PARTICLE SIZE, IN-PLANE VELOCITY 
BY IMAGE PROCESSING TECHNIQUES 

WORST CASE SCALING 
BY OBJECTS OF KNOWN DIMENSION IN PHOTO AND ASSUMPTION 
X-LOCATION AT ORBITER TAIL  

DETERMINISTIC PARTICE SIZE AND X-LOCATION 
BY ANALYSIS OF APPARENT Y-ACCELERATION ON THE BASIS OF DRAG 

0 DETERMINISTIC PARTICLE X-VELOCITY 
BY ANALYSIS OF APPARENT Z-ACCELERATION ON THE BASIS OF CONSTANT 
X-VELOCITY (ALSO USED TO CORRECT Y-ACCELERATION) 

‘4 

CATALOGUED PARTICLE SUMMARY 

* DETERMINANT PARTICLES 

SIZE RANGE: 

SPEED IN Y-Z PLANE: 

VELOCITY X-COMWNENT: 

SENSE OF VELOCITY: Vz > 0, Vy 0 (USUALLY 1 

0.11 cm TO 0.72 cm 

0.5 cmls  TO 4 c m l s  

2 cmls TO 98 cmls 

Vx > 0, (WITH ONE EXCEPTION) 

X-COORDINATE RANGE 

FROM CAMERA AND AFT: 

IN STS COORDINATES: 

350 cm TO 1100 cm 

714 TO looP (in. 1 
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r 
CATALOGUED PARTICLE SUMMARY (contd) 

INDETERMINANT PARTICLES (WORST CASE* I 

SIZE RANGE: 0.85 cm TO 2.6 cm 

SPEED IN Y-Z PLANE: 6 cmls TO 21 cmls 

VELOCITY X-COMPONENT: 175 cmls TO 980 cmls 

SENSE OF VELOCITY: Vz  > 0, Vy 0 (USUALtY 1 

Vx > 0 (WITH TWO EXCEPTlONS 1 

*X-COORDINATE (ASSUMED MAX) 

FROM CAMERA AND AFT: 

IN STS COORDINATES: 
2670 cm 
1627 (in. 1 

CATALOGUED PARTICLES 

5 g- 1.0 

ic, 
0 

0.1 
100 10, ooo 
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TYPICAL PARTICLE SIZE DISTRIBUTION 
UNCATALOGUED PARTICLES 
WORST CASE SIZE SCALING 

APPROX FOV* MIN PARTICLE MAX PARTICLE 
(deqrees 1 (cm) (crn 

3 0.5 2.6 

SIZE GROUP NUMBER OF* 
(crn 1 PARTICLES 

0.5-1.1 21 

1.1-1.6 la 

1.6-1.9 16 

1.9-2.2 7 

B2.2 3 -- 
65 TOTAL 

*FIELD OF VIEW EXAMINED. NOT FOV OF CAMERA. NUMBER UNDERESTIMATED. 
SMALLER (DIMMER) PARTICLES ARE ESPECtALLY UNDER-REPRESENTED 

CONCLUSIONS 

* SIGNIFICANT NUMBER OF I rnm TO 1 cm OtAMETER PARTICLES 
IN VICINITY OF STS-3 OBSERVED 

* ORIGIN MAY BE M A R  AFT END OF ORBITER BUT FOR 
EXAMINED TRAJECTORIES (33) OVER HALF 119) WERE DEFINITELY 
FORWARD OF THE AFT END OF THE BAY 

TMRE BE URGER PARTICLES NEAR AFT END OF ORBITER 

MOST PARTlCtES MOVING GENERALLY REARWARD WITH RESPECT 
TO ORBITER (+X DIRECTION) 
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SPACE SHUTTLE: A VIEW OF WHAT WE HAVE DON$ SO FAR 

T W il ke rs on 
University of Maryland 
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SPACE SHUTTLE: A VIEW OF WHAT WE HAVE DOETE SO FAR 

(T. Wilkerson) 

I want t o  summarize t h i s  p a r t  of the  meeting i n  two ways. F i r s t ,  I'll f i n i s h  the  
l o g i s t i c a l  p a r t .  
today. 

Second, I have something more unusual t o  discuss  before w e  f i n i s h  

(1) Diagram1 reminds us of t h e  meeting design we had a t  t h e  outse t .  We've come 
t o  t h e  end of t h e  presentfations,the responsive questions,  and t h e  answers following 
those. Now comes t h e  time when our Panels w i l l  address the  questions t h a t  have been sub- 
mitted,  and provide some of t h e i r  own input  on these and o ther  top ics ,  and repor t  back 
t o  us tomorrow with t h e i r  recommendations. Speaking personally f o r  a moment, I want t o  
say t h a t  I a m  profoundly impressed with the  completeness of the  presentat ions and dis- 
cussions here.  

The Panel meeting rooms have been assigned. These sessions w i l l  run from 7:OO t o  
9:00 tonight ,  and w i l l  reconvene tomorrow morning a t  8:30.  W e  urge everyone who is 
i n t e r e s t e d  i n  t h e  Panel top ics  t o  a t tend  these  sessions and contr ibute  whatever comments 
and o ther  input t h a t  w i l l  support t h e  Panels '  work. 

(2 )  Theres t  of my comments are r e a l l y  i n  a d i f f e r e n t  vein than most of t h e  f a c t u a l  
and d e t a i l e d  things t h a t  have been s a i d  so f a r .  
I used t o  be q u i t e  involved with space f l i g h t  and s c i e n t i f i c  satellites i n  t h e  nineteen 
s i x t i e s .  
i n  possible  l i d a r  ( i .e . ,  laser radar)  missions f o r  the Space Shut t le .  So, not  having 
been closely i n  touch with space f l i g h t  f o r  perhaps ten  years ,  I am amazed t o  see how 
f a r  things have come i n  t h i s  work. 

To set the  s tage,  I'll t e l l  you t h a t  

I ' v e  only re-entered the  f i e l d  again i n  t h e  l a te  seventies, through my i n t e r e s t  

We have seen a number of i n t e r e s t i n g  p i c t u r e s  of t h e  Space S h u t t l e  i n  t h i s  meeting, 
including Ed Miller's p i c t u r e  of the  Shut t le  i n  assembly, looking l i k e  a boat being 
b u i l t  i n  a shipyard, and another s t r i k i n g  view i n  o r b i t  with t h e  l a r g e  box, the  IECM, 
j u t t i n g  way out from the  Shut t le  on the  movable arm with the  cloud-covered Earth below. 
The p i c t u r e  t h a t  r e a l l y  h i t s  home with m e  (Figure 2 )  shows the  STS-3 payload bay i n  
daylight--a place where there  is experimental work going on, a place where you can imag- 
i n e  people working i n  f u t u r e  missions. 

It is  t h i s  image t h a t  conveys t o  me ,  and I want t o  convey t o  you, t h a t  what we 
The context i n  which I hold t h e  Shut t le ,  and i t s  various have here  is a spaceship. 

propert ies  and a l l  t h a t  can be done with i t ,  i s  t h a t  t h i s  vehicle  is t r u l y  a spaceship. 
This is a vehicle  t h a t  goes way out  i n t o  space and manipulates th.ings. It can carry 
la rge  q u a n t i t i e s  of material, move things around, and can be used t o  construct  other  
things.  
have talked about for  a long t i m e .  W e  can now consider t h a t  the spaceship is  r e a l l y  
here;  t h i s  statement is a context i n  which t o  hold a l l  the  things t h a t  w e  can say 
about the S h u t t l e ' s  p roper t ies  and a l l  t h e  things w e  bel ieve i t  can do. 
word contexct a s  i n  t h e  context,  "We w i l l  go t o  the moon i n  ten years"; t h a t  statement 
w a s  a contoxt f o r  a whole program, a series of accomplishments t h a t  w e  had not been 
capable of before t h a t  t i m e .  

The spaceship is  no longer a concept o r  some not ion about the  f u t u r e  t h a t  w e  

I am using the 

We hear the  term context bandied about q u i t e  a b i t . . .  w e  should hold things i n  t h i s  
context o r  t h a t ,  where generally we mean a framework o r  a big idea. 
is an idea tha t  is big enough t o  include even ideas t h a t  might be seen t o  oppose i t .  

Actually a context 

I 1 Preceding page blank 
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For example you might s a y  t h a t ,  against  the  i d e a  I 've  put f o r t h  t h a t  the Shut t le  is  a 
spaceship, you could s a y ,  "Well, i t ' s  not r e a l l y  t h a t  g r e a t ;  i t ' s  a crude device t h a t  
people could tear t h e i r  space s u i t s  on i f  they walked around on it;  r e a l l y  sophis t ica-  
ted vehicles  w i l l  be coming along l a t e r ;  sure  it  can do a l o t  of things,  but  t h i s  e r a  
wont' last--  budgets w i l l  be cu t ,  w e ' l l  never be ab le  t o  r e a l i z e  the promise of the 
current  era;  e t c .  , e t c .  , e tc ."  

Now, you can choose whether you want t o  d a i l y  e n t e r t a i n  such i ssues  and arguments 
over and over, o r  instead what I propose as the way i n  which w e  r e a l l y  work creacively: 
Hold a l l  o f  these seemingly opposing ideas within a contezt  t h a t  t h i s  i s  the era of the 
aczompZished spaceship vhose r e a l i t y  has been demonstrated over and over again i n  t h i s  
meeting. 

Most of u s  work within severa l  contexts a t  any given t i r , ? .  One t h a t  is  v i r t u a l l y  
universal  f o r  people i n  science and technology is, "It w i l l  B x k ,  and i t ' s  worthwhile." 
That is, w e  a r e  i n  t h e  business of f iguring out how t o  do things t h a t  a r e  mechanical, 
electrical and chemical i n  nature--making material things work, i n  shor t .  Our assump- 
t ions  a re ,  p r a c t i c a l l y  always, t h a t  w e  can f ind  a way t o  get the  job done and i t  w i l l  
prove t o  be worthwhile. 
view would have a very hard t i m e  of i t .  
"It w i l l  work, and i t ' s  worthwhile." 

Clearly,  people working on technology without t h a t  point of 
So w e  cont inual ly  work i n  a context ca l led ,  

I i n v i t e  each and every one of you t o  look over a l l  the  contexts f o r  your work i n  
t h i s  f i e l d ,  to  i d e n t i f y  what i t  is  (or they a r e ) ,  and t o  create new ones i f  necessary i n  
support of your work. And another thing: context i s  always created,  i t  doesn ' t  j u s t  
happen. 
r e s u l t s  of your work. Thought is creative; l e t  m e  i l l u s t r a t e :  i f  you look around t h i s  
room, a l l  t h e  things you see--the l i g h t s ,  t h e  f l o o r  covering, the  p a i n t ,  our clothing-- 
everything you see i n  here began with a thought. 
begin in  somebody's thought. Ultimately, what else can convert what is not t o  what i s?  

The context you crea te  f o r  your work w i l l  have a l o t  of influence on t h e  

There i s  nothing i n  here  t h a t  d idn ' t  

So one way t o  put i t ,  when you look around a t  our environment, is t h a t  we made i t  
We maUe up t h i s  whole world i n  which w e  a r e  living--the good s t u f f ,  the  bad s t u f f ,  up. 

the  whole thing. Likewise w e  made up t h i s  spaceship; w e  created it. 

There is no way t h a t  "we created it", moreover, without "you created it"--and you, 
and you, every one of you. It would be r idiculous t o  think otherwise, because i f  you 
look back t o  the  t i m e  when t h i s  spaceship did not e x i s t ,  and now i t  does e x i s t ,  then 
somebody had t o  do i t .  It would be t y p i c a l  of us,  as a n a l y t i c a l  c rea tures ,  t o  then ge t  
together and say, "Well, ne i ther  ~ one of us did  the  whole thing,  so w e  need t o  go f ind  
the person who did." 
l o t  of the  work, but r e a l l y  thousands of people worked on i t ,  etc., etc." 
out of everyone's considerations t h a t  r e a l l y  they didn ' t  do i t ,  we would have to confront 
the evidence of the  c rea t ion  of t h i s  spaceship with t h e  r id icu lous  s ta tementthat  no one 
did it. 

So we'd f ind  such a person, and he o r  she would say, "I d id  a 
And ul t imately,  

So you created t h i s  spaceship. Whatever q u a l i f i c a t i o n s  occur t o  you, you did it. 

So much f o r  what happened, looking backward i n t o  t h e  recent  pas t .  Now take these 
ideas and turn  around with them, and point  them i n t o  the  fu ture .  
spaceships of t h e  fu ture .  
in.  
t o  no t ice  the  context o r  contexts i n  which you hold your work. One of mine is t h a t  
your wsrk is an extremely valuable contr ibut ion t o  mankind; so, i n  support of i t ,  I 
i n v i t e  you t o  create new contexts,  new s e t t i n g s  t h a t  f u r t h e r  your work, so as t o  mani- 
fest- more and more those q u a l i t i e s  of dr ive,  zes t ,  and imagination t h a t  w i l l  te l l  you 
when you are on t h e  r i g h t  track. 

You w i l l  create the  
That is what you do. Unquestionably t h a t  is the  game you're 

So s ince  t h a t  is what you"re up to--you might say I caught you a t  it--1 ask you 
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I w i l l  c l o s e  with a quote from Shakespeare 's  JuZius Caesar t h a t  i s  appropr i a t e  here .  
It can be  s i g n i f i c a n t  o r  l i g h t ,  however you want t o  t ake  it. 
you w i l l ,  t o  see where they might po in t  f o r  you: 

Look beyond the words, i f  

"There i s  a t i d e  i n  the a f fa i r s  of men 
Which, taken a t  the flood, leads on t o  fortune; 
Omitted, aZZ the voyage of their l i f e  
Is  bound i n  shallows. .. 
O n  such a fuZZ sea are we now af loat ,  
And we m u s t  take the w e n t  uhen it serves 
Or lose our ventures." 

Las t ly  I want t o  acknowledge t h e  work you d id  and w i l l  do, and express  my g r e a t  appre- 
c i a t i o n  f o r  t h e  chance t o  p a r t i c i p a t e  i n  t h i s  meeting w i t h  you. Thank you. 
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Figure  2 - The Shuttle Payload Bay 
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