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ABSTRACT

The Microgravity Measurement and Analysis Project (MMAP) at the NASA Lewis Research Center
(LeRC) manages the Space Acceleration Measurement System (SAMS) and the Orbital Acceleration
Research Experiment (OARE) instruments to measure the microgravity environment on orbiting space
laboratories. These laboratories include the Spacelab payloads on the shuttle, the SPACEHAB module
on the shuttle, the middeck area of the shuttle, and Russia's Mir space station. Experiments are
performed in these laboratories to investigate scientific principles in the near-absence of gravity.

The microgravity environment desired for most experiments would have zero acceleration across all
frequency bands or a true weightless condition. This is not possible due to the nature of spaceflight
where there are numerous factors which introduce accelerations to the environment.

This handbook presents an overview of the major microgravity environment disturbances of these
laboratories. These disturbances are characterized by their source (where known), their magnitude,
frequency and duration, and their effect on the microgravity environment. Each disturbance is
characterized on a single page for ease in understanding the effect of a particular disturbance. The
handbook also contains a brief description of each laboratory.
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Abbreviations and Acronyms

3DMA Three-dimensional Microgravity Accelerometer

a acceleration magnitude

APU auxiliary power unit

ATCS Active Thermal Control System

BDPU Bubble, Drop and Particle Unit

CG Center of Gravity

DLR German Aerospace Research Establishment (German acronym)
DMT Decreed Moscow Time (ddd/hh:mm:ss)

DSO Detailed Supplementary Objective

DTO Development Test Objective

EEPROM electrically eraseable programmable read only memory
EORF Enhanced Orbiter Refrigerator/Freezer

EVIS Ergometer Vibration Isolation System

FCS Flight Control System

FES Flash Evaporator System

f, Cutoff frequency (Hz)

£y Nyquist frequency (Hz)

f Sampling rate (samples per second)

-5 Earth's gravity acceleration level at sea-level (9.81 m/s?)
GBX glovebox

GMT Greenwich Mean Time (day/hour:minute:second)

Hz Hertz

ILRD interlimb resistance device

IML International Microgravity Laboratory

IVIS Inertial Vibration Isolation System

JSC NASA Johnson Space Center

KSC NASA Kennedy Space Center

LeRC NASA Lewis Research Center

LV/LH Local Vertical / Local Horizontal

LMS Life and Microgravity Spacelab

LSLER/F  Life Sciences Laboratory Equipment Refrigerator/Freezer
MEPHISTO Materials for the Study of Interesting Phenomena of Solidification on Earth and in Orbit

ug microgravity (1/1,000,000 of g )

MET Mission Elapsed Time (day/hour:minute:second)
mg milligravity (1/1000 of g,)

MMA Microgravity Measurement Assembly

MMAP Microgravity Measurement and Analysis Project
MMD Microgravity Measuring Device

MPESS Mission Peculiar Equipment Support Structure
MSAD Microgravity Science and Applications Division

MSD Microgravity Science Division
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NASA
NIZEMI
OARE
OAST
OMS
PAO
PCIS
PIMS
POCC
PRCS
PSD
QSAM
RCS
RMS
Ipm
RSS
SAMS
SIMO Dump
SOR/F
STS
TDRSS
TEMPUS
TSH
TSS

ug
USML
USMP
VRCS
\'AY

Xh,A’Yh,A ’Zh,A
Xh,B’Yh.B’Zh.B
Xh.C’Yh,C’Zh,C
XO’YO’ZO

XY, 72,
XB’YB’ZB
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National Aeronautics and Space Administration
Slow Rotating Centrifuge Microscope (German acronym)
Orbital Acceleration Research Experiment

Office of Aeronautics and Space Technology
Orbital Maneuvering System

Public Affairs Office

Passive Cycle Isolation System

Principal Investigator Microgravity Services
Payload Operations Control Center

primary reaction control system

power spectral density

Quasi-steady Acceleration Measurement experiment
reaction control system

root-mean-square

revolutions per minute

root-sum-of-squares

Space Acceleration Measurement System
simultaneous supply water and waste water dump
Sterling Orbiter Refrigerator/Freezer

Space Transportation System

Tracking and Data Relay Satellite System
electromagnetic containerless proccessing facility (German acronym)
triaxial sensor head

Tethered Satellite System

microgravity (1/1,000,000 of g,)

United States Microgravity Laboratory

United States Microgravity Payload

vernier reaction control system

velocity vector

SAMS TSH A axes

SAMS TSH B axes

SAMS TSH C axes

Orbiter structural coordinate system axes

Orbiter body coordinate system axes

Coordinate notation for the Mir Base Block axes
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1.0 Introduction

Fluid physics, materials science, combustion science, low temperature microgravity physics,
biotechnology and life sciences experiments are conducted on the NASA Space Shuttle Orbiters and on
Russia’s Mir Space Station to take advantage of the reduced gravity environment resulting from the
continuous free fall state of low earth orbit. Accelerometer systems are flown with these experiments to
record the microgravity environment to which the experiments were exposed. This microgravity
environment is a complex combination of accelerations and vibrations generated by orbital mechanics,
vehicle subsystems, flight attitude, vehicle maneuvers, experiment equipment, and the crew.

Two common accelerometer systems flown to support experiments are the Space Acceleration
Measurement System (SAMS) and the Orbital Acceleration Research Experiment (OARE). These
accelerometer systems are managed by the Microgravity Measurements and Analysis Project (MMAP)
within the Microgravity Science Division (MSD) at NASA Lewis Research Center (LeRC). These
accelerometer systems are flown in support of science experiments sponsored by the Microgravity
Science and Applications Division (MSAD) of the NASA Headquarters Office of Life and Microgravity
Science and Applications. Other accelerometer systems are occasionally flown in support of these and
other science experiments.

The Principal Investigator Microgravity Services (PIMS) project in the MMAP supports
principal investigators of microgravity science experiments as they evaluate the effects of varying
acceleration levels on their experiments.

1.1 Purpose

This handbook was prepared by PIMS to facilitate the interpretation of the microgravity
environment of the various vehicles and carrier combinations which are commonly used for micrograv-
ity science experiments. The intended users are principal investigators, mission scientists, mission
managers, project scientists, and the staff associated with the aforementioned personnel.

This handbook contains examples of microgravity environment disturbances which have been
observed from many missions, several vehicles and several experiment carriers. These disturbances are
first categorized by the source of the disturbance. Cross references are included that list the disturbances
by the vehicle, the location of the measurement, and the characteristics of the disturbance.

1.2 Additional Information

There may be times that a user needs information on a particular type of disturbance which has not
been included here. Please send a description of such disturbances to the PIMS project for
consideration. This handbook has been designed to be updated in the future with additional descriptions
as they are developed by PIMS. To obtain a copy or to “register” for updates, please send an appropriate
request to the following address.
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Duc Truong, PIMS Project Manager
Mail Stop 500-216
NASA Lewis Research Center
21000 Brookpark Road
Cleveland OH 44135

Correspondence may also be made by telephone, fax or e-mail.
Office number: 216-433-8394
Fax number: 216-433-8660
e-mail: pims@Ilerc.nasa.gov

Additional information for the missions supported by the SAMS and OARE accelerometers is
available in PIMS mission summary reports published as NASA Technical Memorandum reports. A list
of such reports is included in Appendix B. A copy of such a report may be obtained by contacting the
PIMS Project Manager. A World Wide Web site is also maintained by the PIMS project. Descriptions of
the environment, some mission summary reports, and links to SAMS, OARE & MMAP sites are
included at this URL:

http://www.lerc.nasa.gov/WWW/MMAP/PIMS/

1.3 Access to description sheets

Each disturbance to the microgravity environment has characteristics of magnitude, duration, and
frequency content. These characteristics are affected by the location of the source, the structural
dynamics of the vehicle, and the measurement location.

Since most users limit their quest to their carrier or location, the disturbances contained in this
handbook have been categorized at the first level by the location where the measurement was made.
Cross reference tables are provided which categorize the disturbances by disturbance source, vehicle,
frequency, and magnitude.

The user must be aware that the categories are not mutually exclusive and that they do overlap one
another. A particular disturbance may be found in many cross reference tables and table headings.

1.4 Description of laboratories
Orbiter Middeck

The Orbiter middeck provides crew accommodations and contains three avionics equipment bays.
Modular stowage lockers are used to store the flight crew's personal gear, mission-required equipment,
and experiments. There are 42 identical lockers, which are 11 X 18 X 21 inches. An experiment is
either designed to fit inside a locker or replace one or more lockers. Individual microgravity science
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experiments are flown on a space-available basis in the Orbiter middeck. Few support services are
available and, in general, mission parameters are not established by experiments in the middeck.
Additional information about the Orbiter middeck may be obtained from [1].

Spacelab Module

The Spacelab pressurized module, or laboratory, is a pressurized container connected to the Orbiter
middeck by a tunnel. Inside the module are experiment racks in which most of the experiment hardware
is installed. The mission crew members may operate the experiments in a shirt-sleeve, laboratory
environment. The Spacelab module is used as a primary payload on dedicated microgravity science
missions to operate a multitude of microgravity science experiments. The mission parameters, such as
Orbiter attitude and crew timeline, may be optimized for microgravity science operations.

Additional information about the Spacelab module may be obtained from [2].

Spacelab MPESS

The Spacelab Mission Peculiar Equipment Support Structure (MPESS) is a truss structure with
support subsystems which mounts in the cargo bay of the Orbiter. The support subsystems supply
services, such as electrical power, data communications, and thermal conditioning, to the experiments
mounted on the MPESS. The experiments are operated remotely primarily by commands from a science
operations center or, in some cases, by remote crew interaction. These carriers have typically been used
as partial Orbiter payloads with the mission parameters for microgravity science operations being
established for only part of the mission.

SPACEHAB Module

The SPACEHAB, Inc. developed the SPACEHAB module to function as a shirt-sleeve environment
laboratory similar to the Spacelab module and the Orbiter middeck and flight decks. The SPACEHAB
Double Module is one of a fleet of modules the company owns and operates. The modules fit into the
payload bay of Space Shuttles, providing laboratory and logistics resupply services to NASA, other
international space agencies, industry, and academia on a lease basis. SPACEHAB is the first company
to commercially develop, own and operate habitable modules that provide laboratory research facilities
and logistics resupply services aboard the U.S. Space Shuttle system, supporting people living and
working in space. [3]

Additional information about the SPACEHAB module may be obtained from [4].

Mir Space Station

Russia's Mir space station is a set of six interconnected modules forming an operational space station
that can be permanently staffed by two or three crew members. The crew work in a shirt-sleeve
environment operating experiments and performing housekeeping tasks. This complex is particularly
appropriate for long duration experiments or for multiple operations of the same experiment.

Additional information about the Mir space station may be obtained from [5,6].
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L5 Orbiter coordinate system

The Orbiters have two basic orthogonal coordinate systems which are used to specify locations,
positions and orientations within the orbiter: the body coordinate system, and the structural coordinate
system. These are shown in Figures 1 and 2, respectively.

The body coordinate system (Figure 1) has an origin at the orbiter’s center of gravity (CG). Itis
oriented such that the direction from tail to nose is +X,,, the direction from port to starboard is +Y,, and
the direction extending from the payload bay to the Orbiter belly is +Z,. Typically, this is the system
used to specify navigational directions and orientations such as for Local Vertical/Local Horizontal
(LVLH) attitudes.

The structural coordinate system (Figure 2) has an origin at the tip of the external tank. It is oriented
such that the direction from nose to tail is +X,, the direction from port to starboard is +Y, and the
direction upward out of the payload bay is +Z. Typically, this is the system used to specify the locations
of equipment within the orbiter.

1.6 Spectral Analysis: Cutoff versus Nyquist Frequency

All data acquired by SAMS has been processed using a lowpass filter prior to digitization. This is an
anti-aliasing filter with a roll-off of -140 dB per decade. Typically, the data sampling rate is 5 times the
filter cutoff frequency. This results in oversampling, so that frequency information above the filter cutoff
can be examined. However, the magnitudes of higher frequency disturbances (i.e. above the filter cutoff)
have been attenuated.

The highest valid frequency present in the digitized data is called the Nyquist frequency, and is
denoted f;,. Mathematically, this frequency is equal to one half of the sampling rate (f). The filter cutoff
frequency is specified alongside the sensor head letter, such as “TSH C, 25 Hz” in the data plots of this
handbook. In this example, sensor head C utilized a 25 Hz cutoff frequency. In order to obtain the
Nyquist frequency for the head, the sampling rate (f,) must be divided by two. For example, a sampling
rate of 125 samples per second results in f =62.5 Hz.

Spectrograms and PSDs are often shown containing information to the Nyquist frequency. The user
is cautioned that the magnitude of data above the filter cutoff frequency has been attenuated.

Even when imaged to the cutoff frequency, spectrogram plots are only a qualitative tool. Accurate.
determination of g, . levels can only be made by an integration of a PSD, and cannot be performed
using the PSD magnitudes (colors) shown on a spectrogram plot.

1.7 Signal Aliasing

Signal aliasing is a phenomena caused during the analog-to-digital signal conversion process and
occurs when there are signals present above the Nyquist frequency (denoted f ). The Nyquist frequency

S—
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is equal to one half of the sampling rate of the analog-to-digital converter. For example, for data
sampled at 125 samples per second, the Nyquist frequency is 62.5 Hz. Although the SAMS unit utilizes
a -140 dB per decade lowpass cutoff filter, signals which are high magnitude (or particularly close to the
sensor head) may not be fully attenuated above the Nyquist frequency. When this occurs, these higher
frequency signals appear to “fold-over” the Nyquist frequency, and appear as lower frequency signals in
the data, that is, they are aliased. However, these lower-frequency signals do not really exist, and have
no effect on experiments which may be sensitive to frequencies in these lower regions.

1.8 Accelerometer Polarity

The sign convention used for OARE is such that a forward thrust of the Orbiter is recorded as a
negative X, acceleration. This is consistent with a frame of reference fixed to the Orbiter.

The sign convention used for SAMS is such that a forward thrust of the Orbiter is recorded as a
negative X acceleration. This is consistent with a frame of reference fixed to a fixed inertial point in
space.

For a detailed discussion of these two reference frames, including their origins, see [7].
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-Zy, -Xp
+Yb A
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-Yy, (port)
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Figure 1. Orbiter body coordinate system

Figure 2. Orbiter structural coordinate system
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Figure 3. Typical Spacelab Rack Layout




Microgravity Environment Description Handbook

Cargo bay

Spacelab or SPACEHAB module
Flight Deck

Middeck

Figure 4. Microgravity Experiment Locations on the Orbiter

Figure 5. Typical Spacelab MPESS with experiments
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1) U.S. Space Shuttle
2) Orbital Docking System
3) Kiristall module: materials processing
4) Kvant II module: scientific
5) Soyuz transport vehicle
6) Spektr module: geophysical sciences
7) Priroda module: Earth remote sensing
8) Core module: habitation, power. life support
9) Kvant module: astrophysics

10) Progress vehicle

Figure 9. Typical Mir configuration with docked Orbiter
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2.0 MEASUREMENT LOCATION INDEX

This index is based on where the measurements were made. The page numbers below are given by
the handbook section number and the page number within that section.
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Radiator DEPIOY .....c.oovouiiiiiiiiiiiiii ettt e et b ettt s ne st e e L 15
II. Cargo Bay / Spacelab MPESS

Radiator DEPIOY .....covieumiuiiieiicct ettt e e bbbt sttt st ee e II. 1
KU-DaNd ANENNA ..ottt ettt st et res st serae e s s et n s sa et e e eneseseenesenasanene I 2
MEPHISTO EXPEIIMENL .....c.ccviiiiiitiiinieneerintecteeeteeseaesaesseessessesasresessessssssssnssnseseeseossesessessssessssnes o 3
Orbital Maneuvering SYSIEIM ...........cciiiiiiicetritetnieeete et enssns s e ss s st sesesesssessssessnssssesssssonan II. 4
Primary Reaction Control SYSEIM .......c.cc.cieuiieiirinirinieininiinineeteee ettt esenessssesssaessaneesnanes o 5
Vernier Reaction Control SYSIEIM .......couceirieirirriienenietee ettt ceeee et aesse st et e e e e eseeeen O 6
CIEW SIEEP ...ttt sttt r st a e et b e e ae e et asee s e sse s emeesemssneneesenseneseentennee o 7
Flight CONtrol SYSLEIM....c.ccuiiuiiiiiiceniircieieiinteerte e e et e st es s b e ses et seseseesaesantesonesessesneneennans II. 8
Tether Satellite DEPIOY .......ccccvieiiiiiiiriiiiiteerectrteete e ste et et s s er e es e b este s se st e e sseesesaen . 9
ErZOMELET (CTEW EXEICISE) ...uvevirviriiutiereirceetriensentetnsestasiasennenessesessesssressssessessessessonsensoneeseneeseessaneesesnes IL. 10
ITII. SPACEHAB Module

CONUIFUGE ...ttt ettt st st as s ettt s et n e e s e s II. 1
Stirling Orbiter Refrigerator/FICEZET ..........cuovveiiririeiririrrirrre et rese sttt e aene . 2
KU-band ANENNA .......oiiiiiiiiiiitcttet ettt st s s see s aess s e e b e oo s et enesaeesnaes . 3
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IV. Middeck

CIEW SIEED ...eiutiriiiiiireceeeer ettt testes e sts st tesee b e st s s e ba b e s s b e aa s e sbeesbersasanasansesssansssnsesrnsnsensasasasseres IV. 1
ErZOMELEr (CTEW EXEICISE) ...cooureueirieirriierieiienieareeseesunrserssessesssasssesssssseessasssesnsersssessesassessesensessessssessnne IV. 2
Interlimb Resistance DEVICE (CTEW EXEICISE) .....ccvueerureirrieireriosirieiiinsreiessessessseessesessnsesssmessssessnssossenes IV. 3
PAO EVENL ...ttt ettt et e es e s et se s et e st e e s b se e s s e st e setenenssanaan IV. 4
Treadmill (CTEW EXEICISE) ...eevuirrierierieieiiniesieeiteecterreeseeestecrreeseesseesseessesssestasssessseensensssessssssasssnessesesens IV. §
KU-baNd ADLEINNA ...ttt rese e saeseese s e e te e s e ae st e saesse st s et esaessaestassessantassesnsenssnness IV. 6
V. Keel Bridge (low frequency measurements)

Aerodynamic drag - CIFCUIAr OIDIL ......cccceieveriirruieerienienienire e rte et teseeserseesre s nes e s e sneesensenasesseas V. 1
Aerodynamic drag - SOlar INETrtial OIDIL ..........cccceeveerriinrersririeeireerieesrerrreseeseesstrsseseessnsesseesseessnssnsessenes V. 2
Aerodynamic drag - €lliptical OIDIL .........c.cccooieirircriineein ettt ettt er et e sseseasssesneas V.3
Flash EVapOTation SYSIEIM ......coceeccreeriiverriinienieertiieeseeesieessesetsieessesssssessessesssassssssansessesssessassesssersasssansens V. 4
Mission Low-Frequency Environment (IML-2) ........ccocriirieninineniercneniceeeceeesesecsseseeseeseeseesesnenees V. 5a
Mission Low-Frequency Environment (USML-2) ......ccccooieueriertrnuenieenccneeeneeseeseeneesneseemsenssseesssseees V. 5b
Mission Low-Frequency Environment (USMP-2) ........ccooriiimnnnencctenietnceteesiesneeeeseseeseneneas V. 5¢
Mission Low-Frequency Environment (USMP-3) .......cccoiviiirnicinininenncrerene et snessr e ssenes V. 5d
Mission Low-Frequency Environment (LMS) ........ccccoeieriiereeeensieiinsrssscresesssssseseessssssesssssseesssssenes V. 5e
ATLIUAC ..ottt ettt et esaeese st e saesse st e s e et saee s sssasetese s st senssassaeeeneesennseraassasnasasenness V. 6
TRIUSLELS ..eovititiiienieienience ettt ettt e s et eaee st essesae st s e sene st e seseesntssaesesssenessuessnassesnsesnesnesnsssonasans V. 7
Water dump (Supply Water dUIMPS) .....cc.ceecieetrrientrcenintneeiereesseeessessetseeseesseeeseenesneesesaesusessseesssenenne V. 8a
Water dump (Waste Water QUIMPS) ....c..cocvviereriieerieerinrerieesieesseesseessesssssseessesssssnesssssssessssessessssessanssnanns V. 8b
Water dump (SIMO dUINPS) ...coveeriieiiinieteeescecsieeesee st eeereeesstessesaesstene st s ses s ssessnessessnessessnsnesacens V. 8¢
VI. Mir Space Station

BKV-3 DERUIMHAITIET .......cveiererieinieireinieneeriesiintestreestesteseesstessneseetesnssesssessessessseessessesaasssessesessensnns VL 1
GYTOAYNES ...ttt et st e e tr et et s et eae st e et ee st ae et e e s aae st e st e s enaae s st e seeesbessbaesenaneessserasann VL 2
Mir StrUCtUral MOAES .......oviuiiiiiiieeietireenie ettt e s see sttt a e e e sar e s e s et s bt seseaasensaentans VL. 3
Mir-Progress dOCKINE .......ccoiiiiiiiiiiiiiciieenc ettt cseeresteseseste st e sr et aceste s ssecntasssanesasessnsasntoes VI 4
MIr-SOYUZ AOCKING .....veeuiiiiiiciiiiecneeere et ettt erte e st et e sresec et s ssesseesnensseaesneseranensens VL5
MIr-STS dOCKING ...vvieeieieeee et srtesr e st e se st et e sreese e e st eeaesanesaa s b et e saeesn e mneneen VL. 6
MIr-STS UNAOCKING .....eoviiiiieiincrireteeere ettt tree et s es et e s ne st e e e ae st e s satss s st emaesse s e e smeenes VL. 7
VII. Other Locations

DIC-0 ettt et s st bt e e st et et e e s e u et e ne e e aesaeeesesteetens VII 1
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3.0 CROSS REFERENCE LISTS
3.1 DISTURBANCE SOURCE CROSS REFERENCE

Disturbances are caused by various classes of equipment and actions. The page numbers below are
given by the handbook section number and the page number within that section.

1. Vehicle Subsystem Disturbances

RaAdI@tOr DEPIOY ..ottt ettt st st eae st st sbe s a e s e bebe s aan e eneneneas o1
HYAFAULICS .....oviniiiiicctc ettt e ae s e es e eve st e ae s b sne s s s e sm e sesbesbonessseneetens I.2
KU-DANA ADIENNA ......eveeeieeiireeeeecceieeecceiereeceesseec et s eeeetee e eeeeaneaeeeeesmeeessssssaseesssnsnnees L510.2,1I3,IV.6
Life Sciences Laboratory Equipment Refrigerator/FIEezer ... .......coverevmreeeerereeienierenenee e siseesessesenennes L3
Stirling Orbiter RefTigerator/FIEEZET ...........coviemriivrrientiieteeeeere ettt sree s aee L. 2
Payload Bay DOOIS OPENINE .......cccoevermieieriicrinieiticeeneecteseestetenneereseesressessessesssossessessesssssnesseneessuensesnes IL12
Payload Bay DoOrs CIOSING .......c.cocevueriiuirtinienieeneiienintereeestissieeestestesessessessesessessosesssessssessessssssssosnene I.13

II. Vehicle Attitude and Maneuver Disturbances

ABEUAC ..ottt et ae st s e s s et saeas e st s easebe s e ben s e s esaeresnaneseensens V.6
Orbital Maneuvering SYSIEIM ........ccouiviiirieteeteirierertrctreserseessesessrasssntesssaesessesssseseesessesessessssessnssssnsensns II. 4
Primary Reaction COntrol SYSIEM ........c.oiiiiiiiiiiiiiiciicteinenientestrr e serre e er e s eeeseeseeresseneasessasesrens II. 5
Vernier Reaction Control SYSIEM .....co.civirieieirieirieierteertecterre st sinrr e s sae et e st ssse s sse s csnesss II.6

II1. Experiment Disturbances

GIOVEDOX ....couiiiiiiiiiiictcntetcstc ettt ettt e st eae s et e e st ess et ess et et enssseesssasosesnesseabentsassnsentssessnnes L1
MEPHISTO EXPEIIIMNIENT .....cvviuiiiieiinieireneiiecentenesreestssesnssesssssessesessensrsensosnesssseessssessessensensenessessessensosens I3
TEMPUS EXPETINIENL ......ooviiiiiiiiitiicictiniecte et estestseesasaasssssessesass s e se st essensessessssesessensensensanssssnssons 14

IV. Crew Induced Activities

Centrifuge (CTEW IMEIMDET) .......ccueieirrereieeeeseee e eseeere e etesees st ssessasstasseeesneessneseaseeesaneesssessesanssasessnesns 1.6
CIEW SIEEP ....ciutieniiieiiicitiiteettecstestteetesreseeseesaerasessressnessesseenee s ssasesbesssentessessssensesnsesnsons 1.7,II.8,IV. 1
ErgOmeter (CTEW EXEICTISE) .....ucvvuivieriiriiririeieeereenseniesiteerssessessasseessessessesessrsseeseesseesssasesseesssnsessenses I.§IV.2
Interlimb Resistance DeviCe (CIEW EXEICISE) ......uccruerrrererrieerrrieireiiiesiseisseesseeeosssessseessseeossesosseessseessssses IV.3
PAO EVEDL ...ttt sttt s e e e s e et a e e e s e s se s ae st e s se s nessnaesaeesatesatenseneenenes .9, IV.4
ROWET (CTEW EXEICISE) .eeovvirueerrrererieiieiieriieeiitisieeeseesseeeesseessaessessestesstsssecorseeeseeesaneessesesssasssssensassnsssnens 111
Treadmill (CTEW EXEITISE) ....cveveuiieciiriiiieiiieierr et e sersesseesar e e ate e st sestessbsessesenasasenseseseanassesssesennsessaeen IV.5

16

~—



Microgravity Environment Description Handbook J

3.2 VEHICLE CROSS REFERENCE

Disturbances peculiar to a vehicle are referenced here. The page numbers below are given by the
handbook section number and the page number within that section.

Orbiter

I. Subsystem

21 1 00) T o) (o) O OO OO II. 1
HYAEAULICS ....oeeeeeiitteectereerer e e st e e e et e s ses et e st e s e e s e e s ae s sae s s b e as bt e bbb bbb a b s s aab e bbb s natsaatessses I.2
KU-Dand ANEENNE ........uueverereririeeeiiienreerteenrereesrersessasnsnsessssossrssessassssssersessssssssassnssavaee I.SII.2, 00 3,IV. 6
Life Sciences Laboratory Equipment Refrigerator/Freezer ..ot L3
Stirling Orbiter Refrigerator/FIEEZET ........ccovivriiviiniiiiiiiiii ittt eaneens Im. 2
Payload Bay DoOTrs OPening .......c.ccceeviiiniiininiiiiiiinntiiiiincinieesiessneeicssssesssessnsessssessasessneessnsesasesns I.12
Payload Bay Doors Closing........ et nreet it ee et e a et e Rt et s e e s Rt eSeea s s e R e b e bR SRS e R s E e s s e b e sa e s R e e e R e e s I.13

II. Attitudes and Maneuvers

ATGEUGE .v.vvvvrveereesseseesessesessssssessssssssesess 2288885585880 V.6
Orbital ManeUVETINg SYSIEIM ......ccooiiiuiriiereeeieieieeetesrereseesteeesestestesteessssessssesssssssssbsssssassssssssssssrnsesas IL. 4
Primary Reaction Control SYSIEIM ......c.cccooeiiiiicniniinniincnniniiiniiccii st e s sae e s II. 5
Vernier Reaction Control SYSLEM .......cvverieeirriereririecricstiseesteesreetsrc st sncsseese s st sn s assssessesaseen II. 6
III. Structural Natural Frequencies ................cocoviiiiniiinienorienteneceneceeeesree e se st sseesseessnnane L. 10
Mir

I. Subsystems

BKV-3 DEhUMIAIIET .......ccceenieeuieeriirireeteceenteeteeetescesreseesees e nesess s e sssenessaonsessnssssns e anansessesssesssssssnnes VI 1
GYTOAYNES ...coueerieeieiriisiritiniceanees et e e st ests e sres st ssae e bts st esas s b e s b e s b e s n e bn s b b e b s s s e e as e bsaebaessnassnanassnnns VL2

II. Attitudes and Maneuvers

II1. Docking

Mir-Progress dOCKINE ......cocceevviiimiceiitiniiiieiiicencsinsssesesrteessssssesase s saesssssasessesasesassssasssnsesnessssans VI. 4
MIr-SOYUZ AOCKING ....eveiiieiiiierieceeneeeeertree et sneseeseere st s s s b e b et saas s as s n s s e b ses s e s s s s s s sasesnas VLS
MIF-STS dOCKINE ....eeeoiiiiiiiiiiienttntnectt ettt catssaecsss e s sbs s s e e s e b e e ae st s sanssssesbe s VI. 6
MIr-STS UNAOCKINE .....eoroiiiiieriiiirctecitntre ettt reesbesatesab st s s st s b b s ae s sness e nas s et s e sae s VI. 7
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3.3 PRIMARY FREQUENCY CROSS REFERENCE

The primary frequency of a disturbance is used to classify disturbances in this table. The user must
be aware, however, that many disturbances do not produce an effect entirely at a single frequency. There
are often harmonics of the primary frequency, secondary frequency effects and broad spectrum effects
from disturbances.

The page numbers below are given by the handbook section number and the page number within that
section.

I. Quasi-steady (f < 0.01 Hz)

AerodyNamUC AIAF ......cccceviimeiiiiiniiceiiiectieetrst e e st e s e e s stesstesssessessasne s aesaessrsenseesrnanseenees V.1,V2,V.3
Orbital ManeuVering SYSEIM ... ..cc.cceeiererriecircerireentieriereoresssessetessessessssessseseessessasssenssesnessesnssssssesssenes II.4
Flash EvapOration SYSEEIMN .......ccccooiiviiriiiriieniiiiieninntiieeestesseesensreesssessessessesesesssssssessssesssessesssssssasssssssen V.4
Mission Low Frequency Environment...........cccocevveerccimnennneinreeneeneniennenees V. 5a,V.5b,V. 5¢,V.5d, V. 5e
ATLEUAE ...t errtteeerrt e cste e eesrtee s s teeeeaeesesssseessasressssneesensesshsassbneesosbesssannsnessssesssssssesassssssssonses V.6
TTRIUSEETS ...ttt re e e eteeee e ran e e e s e ss e s e s eessrasbeseesassaesssrsseeesassssesesessssnsessssssssnsssssesessnseaens V.7
WALET QUITIPS ....ovievieiiirinieienieesienenc e teee st esateeesssessassstessesasseasnessesssensessassssessassnsersesnsss V.8a, V. 8b,V. 8

II. 0.01<f<S5Hz

CTBW EXEICISE ...ueereeeiereirnrrussiinreciiresssnsssssssesssesesesassesiaseseecesssasnrenssnansesnesesnsesssne L8 L 11,IV.2,IV.3, IV.5
SUCIUTAL INOUES ..ccooieeeveeirreiieernterreercccerirerneerrrteeeesssssssessaresareeretetesssssasteesaneeen s st mesmnemmeeeasseeaaen 1. 10, VL. 3
Centrifuge (CTEW MEIMDET) ....cciiiiiiieirerteeeeniree et ese e s stesstssnsebessesssresesessssesssssesnsessassesssasssasenseennen I.6

IIl. 5<f<10Hz

STUCHUTAL INIOAES ...t re e st er et e e sta e s e e brera s e e s e s s et esesseessasesssaessseesssesssesssrnensnes L 10
IV.10<f<25Hz

Ku-band antenna ...........ceeiveiiciiinniineeeniniieniteniestessresosesnessessaeessessassesssssseessesssassens .5 I1.2,1II.3,IV. 6
Life Sciences Laboratory Equipment Refrigerator/Freezer.........c.covveviveerirceerienernsinieecnseecnreeesnesveennas I3
BKV-3 Dehumidifier 0N MIT ....cc.ooiiiiiiiiiecieccnirctesrestesrecee s e e tesaesseessesaeesssesseessnesesssssssenssnessessnes VI 1
GLOVEDOX ...ttt et rce e sae st e et et s s e e e s ae st e s ae s se s saasbae b e sssasesssessenssenseensnannserssessessrnessnesnnans I.1

V. 25<f<50Hz

CONUTfUZE ..ottt ettt e sttt r e e s st e sts e st e ba s e s ers s s e s eesessesasassseseesonserseessessssnsons o 1
Ku-band Qntenna ......ccccooiiiiiiiiiiiiiiiiiiiieecieeeeeieteereetetetat e snssssesssessossessssassnsnnnsnnnannsnnes 1.5, 0.2, 1. 3, IV. 6
GIOVEDOX ... eeieeeeeeiiriieiieeetieeseseesssattestaeessssssanssmnmeeeeaeessanasasssnssnsessaassessasansaessessesansansssnssnsensssseessesessesssnesnssn I 1
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VI. 50<f <100 Hz

Stirling Orbiter RefTZErator/FIEEZET ......c.ccevururirieireerrrereieaereseseeseseseeseseastesesebse s seeenesesssessssesesasaes Im. 2
TEMPUS EXPEIIMENL ......cccviererreerrreeetrnteeeesesssresseraesssssesesesesssssesssssssesesssseessssnensassssssssssssasesssssssssssssses L4
Ku-band @ntenNa ..........cooueeeeuiiiiiieiiceeie e eeeseeeeeseeeeeessseeseessessesssesssessesssssnsessssssses L510.2,1II.3,IV.6
VIL £>100 Hz

GYrOAYNES ON MIT.....cuiiiiciiriitee ittt ettt st e e e e st teaaeenessseasseeseseseseeens VI.2
VIII. Transient

Orbital ManeuUVETiNg SYSIEIM .......c.coceururirietriniririerntntsteee e esesssae s assesassssesesensseseessestssesesesesessssssssans II. 4
Primary Reaction Control SYSIEIM ...........ccvvuririreveenreuereceeeeeeseeeres et ssessessssssseseseseseseseesnesasessanans II.5
Vernier Reaction COntrol SYSLEM .........cccccoveieierieieieieeererceeeseseeeesesesescaess s sse s eeesesesaesessessssansessaens II.6
MIir-Progress dOCKINE .........c.coveverieeueieerecierriesirnnsssssssssesesesessesesesessesssaessssssssssssssssasscnsesasssssesssesessens VI. 4
MIr-SOYUZ OCKING ...ccvviviiieeriteiciitetnie ettt terese et ve s ses e esesee s st s es s tesstoneasseeseenesseessrsassessens VL 5
MIE-STS QOCKINE ...ttt ss sttt et bae st e be st st en e st e s e se e neenn VI 6
MIir-STS UNAOCKINE .....eveiuiiieinireinintnirineeie s ete e essesseseesse s e s sses st eestessasaeseneseeeseesesenssnnessssesesas VL. 7
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3.4 ACCELERATION MAGNITUDE CROSS REFERENCE

The acceleration magnitude of a disturbance has been used to classify these disturbances in this
table. The user must be aware, though that many disturbances do not produce an effect entirely at a
single magnitude at every occurrence. The purpose here is to categorize the disturbances according to
their rough order of magnitude. The page numbers below are given by the handbook section number
and the page number within that section.

I. a<10pg

Flash Evaporation SYStEm ...........couivviiiiiiiiniiiicrirtcicnnetnesesss et ses et se st se st e e sansssassns V.4
WaALET QUITIPS ....oviinriiniiiiiiiiiieie et eetsee e st este et e s e sse st s e s sresa e st et assaereensassassessaan V.8,V.8b,V. 8
II. a<100 pg

Payload bay dOOIS OPEININE ......ccceeeieiiirrierrecninrerieeertesteereeesaesersesesersesassssseessesssessasesseesseesnassasssessses I.12
Payload bay dOOIS CIOSINE ......ccoerviiriieniiiieeriiiniietirtecreesreesressseessesssesstssstessasssssssesnseresessasssasesseessesssenses I.13
KU-DANA ADEEINA .....cvvieieiiieiiicecieeeicenie e et ctreesesssssreesessssssssessessnssesssnsssesesssssssseesns I.5,11.2,1I. 3,IV.6
II1. a < 500 ug

Radiator DEPIOY ....c.ceiiiiiiiiiiiictiti ettt ae e e st e s s e st e et a e e e s n e e st e e st e e s e e e st e e e e e aeanas II. 1
Vernier Reaction Control SYSIEIM .......ccceiviiirieriirieeeeeiteenreeseneesessseestessesssnsssessssssssssssesssassssessssessssensees II.6
CTEW EXEICISE ..oeevnnneeeeeecceineeccctee e cceeree s e eessbeeessssssateeesesssnsesssessasnessonasesesees 1.8, 11.10,IV.2,IV.3,IV. 5
IV. a <1000 png

Radiator DEPIOY ......cviiimiiiiiiiiiiiiiiittste i st et re e stesse e e st e s sans s b e e ennestnrasreesanaans II. 1
HYAFAULICS «..eertitt et ettt et e et et se s s ssa st e besae e saa e e aenrennereane L2
MEPHISTO EXPEIIMENL ......ccceiiiieiieirrtiieeistestesitessiesierseseeesessseessassssisssssesssessesssssssassssensessessssessaesesenass II. 3
Vernier Reaction CONrol SYSIEIM .......cccuicuieiiiiereriieeiierenniienieneenteseeeerrieneressresnssseesanesasseessssnesssssenssesseses .6
Crew EXEICISE ....coeecieeecieieceeeeeceree st eeere e esar e eesateesessrsesssarasesnsesesssnessssesesanes 1.8, II.10,IV.2,IV.3,IV.5
V. a> 1000 ug

Primary Reaction Control SYStEIM .......cceveeuierienieiieniiiesiinesenetestestessesestesesstesasesaessesseesesnsssssssesssessenses 0. 5
Orbital ManeuVering SYSIEIM ........cceuiiviruierireientrierereneesseesesieesessesseserstessrsasstessssassessssssssesesssssessessessens 4
CTEW EXCICISE ....uevvenrieeiiriieieeeiiceeinreneteseesssesessassstasmeesssnasensesasasensanmaeeeeeeesssnas .8, II.10,IV.2,IV.3,IV.5
TEMPUS ..ot bbb s s bbbt 1.4
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3.5 NO DISCERNIBLE EFFECTS

Some activities and actions on a vehicle are not sufficient to cause a noticeable perturbation to the
microgravity environment. These are included in this handbook to show that there should not be much
concern for the effects these actions have on the microgravity environment

Events analyzed and shown to not have discernible effects are cargo bay camera motion and cargo
bay door closing motions.
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I.1

GLOVEBOX

MISSION
STS-73, October 1995, USML-2

SOURCE OR ACTIVITY

The giovebox was flown in Rack 12 of the
Spacelab module during the USML-2 mission. The
glovebox allowed crew members to handle, transfer,
and manipulate experiment hardware in ways that
are not possible in the open Spacelab environment.

MET Sun « 001/22:24:59.995, Haaning ox 146
-~ MEDS: USML-2 Glovebox

Proguency (B3)

ACCELEROMETER

IZ[SAMS [ ]oARE

TSHC, 25 Hz
fs = 125 samples per second

[ ] SPACEHAB Modul
[[] Middeck
I:l Keel Bridge

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT

The glovebox fans contribute to the microgravity environment, as seen in the first portion of the above
plot. As the fans were switched-off, the signals at approximately 13, 20, 39, 48, 51, 53, 58, and 61 Hz are

seen to cease.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660
URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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HYDRAULIC SYSTEM ACCELEROMETER
|ZT SAMS [ _]OARE
MISSION
STS-65, July 1994, IML-2 Head A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY

There are three independent hydraulic systems
that are used for operation of actuators to control
aero surfaces, main engine gimbals and valves,
landing gear, and nose gear steering. On orbit, the
hydraulic system's fluids are circulated periodically
by electric motor-driven circulation pumps in order
to absorb heat from a heat exchanger and distribute
it to all areas of the system.

MET Star at 001/07:34:51.909 -
[uoNn— MEDS: Bydrsalic Sysem e Ot
.

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT

When these pumps are activated, a transient acceleration on the order of 1 mg can be produced. These
pumps operate at 10,000 rpm (166.7 Hz) and normally run for several minutes at distinct times throughout a
mission. The only noticeable impact, however, has been the transient at turn on.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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| Microgravity Environment Description Handbook I

I.3

REFRIGERATOR / FREEZER (LSLE)

MISSION
STS-65, July 1994, IML-2

SOURCE OR ACTIVITY

The Life Science Laboratory Equipment
refrigerator/freezer was used during IML-2 to
preserve perishable samples for postflight analysis.
This refrigerator/freezer has a motor driven
compressor which cycles on and off to maintain the
temperature.

Larger plot on reverse

i ence Ledoratory Bauipment

001/08:00
Mission Blspesd Tirne (Duy/Bour-Misuie)

ACCELEROMETER
sAMS [ ] OARE

Head C, 100 Hz
fs = 500 samples per second

MEASUREMENT LOCATION
Module

I:I Cargo ba

[] SPACEHAB module
[] Middeck
[] Keel Bridge

EFFECT ON MICROGRAVITY ENVIRONMENT
Cycling of its compressor produced an intermittent oscillatory disturbance with a fundamental frequency
around 22 Hz and with second, third, and fourth harmonics visible below the filter cutoff frequency. The
LSLE operated for the duration of the mission with a duty cycle ranging from 9 to 13 minutes on and 16 to
25 minutes off. Root-mean-square acceleration levels resulting from this 22 Hz component are typically
about 400 pg,s. This refrigerator/freezer was also operated on STS-42, STS-47, and STS-78.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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lr Microgravity Environment Description Handbook ] I- 4

TEMPUS ACCELEROMETER
MSAMS [ ]OARE
MISSION
STS-65, July 1994, IML-2 Head C, 100 Hz

fs = 500 samples per second

SOURCE OR ACTIVITY

Durning IML-2, TEMPUS enabled investigators
to study various thermodynamic and kinetic
properties of different samples without
contamination from container walls. For each run, a D SPACEHAB Module
spherical sample is levitated by an electromagnetic D Middeck
coil, melted, and then cooled. The TEMPUS
facility utilized a water pump with a nominal D Keel Bridge
rotational rate of 4800 rpm (80 Hz).

Larger plots on reverse

-, . s —t . MBT Start at 001/03:00:00.897, Henniag k=it -
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EFFECT ON MICROGRAVITY ENVIRONMENT

When this pump was operating (duration times ranging from 10 minutes to over 7 hours), it caused a
substantial disturbance around 80 Hz with a magnitude of 4 to 5 mggs.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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Ku-BAND ANTENNA ACCELEROMETER
[fsams  []oare
MISSION
STS-65, July 1994, IML-2 Head C, 100 Hz

fs = 500 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION
The Ku-band antenna is located in the forward A

portion of the payload bay on the starboard side of ' Ptnesse

the vehicle. On orbit, this antenna is deployed for Spacelab

communications between the orbiter and the D SPACEHAB Modul

Tracking Data Relay Satellite System (TDRSS). It .
Middeck

is dithered at 17 Hz to prevent stiction of the gimbal D ec‘

mechanism to which it is mounted. D Keel Bridge

Larger plots on reverse

W <, et MBT Sart st 005/03:30:00.875, Henning 36 ol :‘-“‘__‘; MET Stax a 005/05:30:00.873, Haming b= 73
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s @
Frequency (B2} .
[

EFFECT ON MICROGRAVITY ENVIRONMENT
Reaction torque forces at the base of the gimbal produce a distinct 17 Hz oscillatory disturbance which

acts as a beacon signal within orbiter acceleration data owing to its intensity and nearly continuous
operation. The intensity of this disturbance is variable, but root-mean-square acceleration levels resulting
from this 17 Hz component are typically about 100 pgyys. Its second and third harmonics at 34 and 51 Hz
are often quite prominent and the 85 Hz harmonic has also been seen.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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CENTRIFUGE (crew member)

MISSION
STS-65, July 1994, IML-2

SOURCE OR ACTIVITY

Experiment operations required a crew member
to mix liquid experiment components. In live video
downlink of this activity, the crew member was
observed to be swinging the sample bag around,
making full circles with his arm.
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|7 Microgravity Environment Description Handbook I

ACCELEROMETER

I.6

MSAMS [ ]oARE

Head B, 5 Hz
fs = 25 samples per second

[ ] SPACEHAB Modul
[[] Middeck

|:| Keel Bridge

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT

The swinging frequency of the crew member's arm (about 8 cycles in 10 seconds) and his alignment
imparted a 0.8 Hz disturbance mainly on the X, and Z, axes where peak-to-peak acceleration levels reached

approximately 100 pug.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660
URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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CREW SLEEP

MISSION
STS-78, June 1996, LMS

SOURCE OR ACTIVITY

On single shift missions, the microgravity
environment becomes quiet during crew sleep.
During these periods, crew induced disturbances, as
well as disturbances from equipment requiring crew
interaction are minimized. The lower activity level
also leads to a diminished excitement of the vehicle
structural modes.

Notice the characteristic transition to sleep
shown in this spectrogram. Around MET
001/11:20, there is a diminished activity level
(notice the quieting of the microgravity
environment under 10 Hz, particularly at the
structural resonance frequencies). Then at MET
001/13:20, there is a further quieting of the
environment, lasting until MET 001/17:20, with a
subsequent increase again at MET 001/19:00. This
2-step quieting is characteristic of sleep periods,
apparently showing a gradual change in activity
duning pre-sleep and post-sleep periods.

Larger plot on reverse

L Microgravity Environment Description Handbook I

I.7

ACCELEROMETER

[[sams  [Joare

Head C, 25 Hz
fs = 125 samples per second

MEASUREMENT LOCATION

" Module ":
(] Cargo bay  Spietat
[ ] SPACEHAB Module
[ ] Middeck

D Keel Bridge

MEDS: Crew Siacp (Spacolsb Moduls Messiramant)

Rrequeacy (8x)

001/10:00 001/12:00 D01/18:00

001/14-00 on1i6.00
Misson Blapsed Time (Duy/Hour Misstc)

EFFECT ON MICROGRAVITY ENVIRONMENT

Sleep during a single shift mission such as LMS results in acceleration levels in the 1 to 4 Hz range
below about 3 iggs. Vehicle structural modes, the Ku-band antenna, and refrigerator/freezer are the
primary disturbance sources during crew sleep. Due to signal aliasing, this plot shows apparent frequencies
in the 2-4 Hz region, aligned with the LSLE R/F operations. These aliases are a data artifact, and not
indicative of the true microgravity environment. See Section 1 for more information on signal aliasing.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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ERGOMETER (crew exercise)

MISSION
STS-65, July 1994, IML-2

SOURCE OR ACTIVITY

The ergometer is a bicycle-type of exercise equipment

in that pedaling is the primary means of getting exercise.

This equipment has been configured with various forms
of isolation systems on different shuttle missions.

(1) Hard-mounted - No isolation is employed, it is
bolted directly to the middeck or flight deck.

(2) Inertial Vibration Isolation System (IVIS) - This
isolation system is primarily aimed at combatting the
side-to-side motion of the person who is exercising.
Counter-weights are driven by the pedal shaft to be 180°
out of phase with the side-to-side motion.

(3) Passive Cycle Isolation System (PCIS) - This
system attempts to "free-float" the exercise equipment
via four braided cable, wire-rope isolators.

(4) Ergometer Vibration Isolation System (EVIS) -
This is a three-axis vibration isolation system. The
ergometer Z-axis isolation is an active system of
counterweights which react to the motion of the crew
member. The ergometer X- and Y-axis isolation is
accomplished by a two-axis slide on the floor of the
mounting assembly.

(5) Bungee isolation- In this configuration, a
recumbent bicycle is suspended by a system of elastic
bungee cords. These cords are secured to various points
on the surrounding shuttle structure. The suspension
support is primarily in the XY plane of the ergometer.

Larger plot on reverse

|' Microgravity Environment Description Handbook

I.8

ACCELEROMETER

[V]sams [ ]OARE

Head A, 10 Hz
fs = 50 samples per second

[] SPACEHAB Module
[[] Middeck

D Keel Bridge

- MEDS: Ergormster Bxercio

Tweos (mis)

EFFECT ON MICROGRAVITY ENVIRONMENT

The effects of exercising on the microgravity environment are seen mainly in the frequency range from
about 1 Hz to 4 Hz and last for the duration of the exercise. Depending on the particular crew member and
the vibration isolation used, typical acceleration levels in this frequency range can vary between 50 gy, tO

about 1 mggys.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@]lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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I Microgravity Environment Description Handbook I I- 9

PAO EVENT ACCELEROMETER
[[sams [ Joare
MISSION
STS-65, July 1994, IML-2 Head A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION

Scheduled demonstration or question and
answer events with some or all of the crew
gathered in a single area.

[[] SPACEHAB Modul
[ ] Middeck

Larger plots on reverse D Keel Bridge

MET Start at 009/04:33:59.996 - el MET Stast o 00N04:19:59.996, Hanamg koxlé

s oo
[ — PAO Bvamt earrand vt I 8 e pr vt MEDS: PAO Bvext
~osunim i
L

4
2 10 ) A n 2 " I 2 n . o° N N N o

X-Axas BSO Valie (gHn
5 5
= (3

E
&

"

EFFECT ON MICROGRAVITY ENVIRONMENT

It is common that when PAO events take place, the microgravity environment becomes quieter. The
crew is typically not moving about or impacting the spacecraft structure, they are usually free-floating in
front of a camera. Also, experiment operations involving crew interaction are not being conducted for the
duration of the PAO event. This tends to reduce the overall acceleration background level below 10 Hz to
less than 50 pg,,s. Vehicle structural modes and the Ku-band antenna are the primary disturbance sources

~ during PAO events.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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STRUCTURAL MODES ACCELEROMETER
Vfsams  [Joare
MISSION
STS-65, July 1994, IML-2 Head A. 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY

Any structure, including the Orbiter, has natural
frequencies characteristic of its underlying
construction. These depend on many factors such
as mass distribution, materials used in its D SPACEHAB Modul
fabrication, construction method, and so on. D Middeck

Foud A, 10
80, ot Sevaturd Mnbes D2
f - ol Heamag Wiadesr (it 160} Sewtes Cordimsne

[ ] Keel Bridge

Larger plots on reverse
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EFFECT ON MICROGRAVITY ENVIRONMENT

Nominally, the spectrum below about 10 Hz is dominated by the structural modes of the Orbiter. As
shown in the single axis plot, the shuttle has significant structural modes at about 3.6, 4.7, 5.2, 6.2, 7.4, and
8.5 Hz for the Spacelab module mounted in the cargo bay. Transient and oscillatory disturbances will excite
these modes. Most notable is the response to thruster firings and crew exercise. As seen in the 3-axis plot,
the structural modes at 3.6 and 5.2 Hz are aligned primarily with the Orbiter structural Y,-axis, while the 4.7
Hz mode is felt strongest on the Orbiter structural Z,-axis. The modes at 6.2 and 7.4 Hz have components
in the Orbiter structural XZ-plane, while the 8.5 Hz mode is most pronounced on the X,-Axis. Some of the
Orbiter natural frequencies have been identified. For example, the 3.6 Hz mode corresponds to fuselage
torsion wing and fin bending. The 5.2 Hz mode corresponds to fuselage first normal bending and the 7.4 Hz
mode corresponds to fuselage first lateral bending. Structural modes associated with the payload bay doors
and radiators are discussed on separate pages of this handbook.ceA

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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ROWER (crew exercise)

MISSION
STS-42, January 1992, IML-1

SOURCE OR ACTIVITY

The rower is hard-mounted to the Orbiter
middeck. There is an interface frame which allows
the rower to be installed in place of any seat. Crews
have also performed some resistive type exercises
(bicep curls, squats, etc.) which they have adapted
to meet the machine's operating characteristics.

Larger plots on reverse

MET Rart at (05/00: 16:00.000, Hunning los20

[STIRPY
e ————
~mmn

10‘

| Microgravity Environment Description Handbook I

I.11

ACCELEROMETER

[Vfsams [Joare

Head C, 100 Hz
fs = 500 samples per second

D Cargo bay 7'Spacelab
[] SPACEHAB Module
[] Middeck

I:l Keel Bridge

EFFECT ON MICROGRAVITY ENVIRONMENT

The rower exercise causes both fundamental and harmonic disturbances to the microgravity
environment. In this spectrogram, the exercise begins at approximately MET 005/00:18, and ends at
approximately MET 005/00:30. Variations in frequency with respect to time are characteristics of exercise
in which the astronaut can change the pace of the exercise as they are working.

The table on the reverse side gives a select summary of the g, levels associated with rower exercise.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@]lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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PAYLOAD BAY
DOORS OPENING MOTION

MISSION
STS-73, October 1995, USML-2

SOURCE OR ACTIVITY

The payload bay doors consist of left- and right-
hand doors hinged at each side of the mid fuselage
and latched mechanically at the forward and aft
fuselage and at the split top centerline. Each door
actuation system provides the mechanism to drive
its door to open, intermediate, or closed positions.
Each mechanism consists of an electromechanical
power drive unit and 6 rotary gear actuators.

Larger plots on reverse
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ACCELEROMETER

[Vfsams  [Joare

Head C, 25 Hz
fs = 125 samples per second

[] SPACEHAB module |
[[] Middeck
D Keel Bridge
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EFFECT ON MICROGRAVITY ENVIRONMENT

The impact of moving the payload bay doors to a more open position is seen most clearly on the Y, and
Z, axes. The peak acceleration vector magnitude during door motion can approach 1 mg and this motion
has been seen to excite the 0.4 Hz payload bay door structural mode.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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PAYLOAD BAY
DOORS CLOSING MOTION

MISSION
STS-73, October 1995, USML-2

SOURCE OR ACTIVITY

The payload bay doors consist of left- and right-
hand doors hinged at each side of the mid fuselage
and latched mechanically at the forward and aft
fuselage and at the split top centerline. Each door
actuation system provides the mechanism to drive
its door to open, intermediate, or closed positions.
Each mechanism consists of an electromechanical
power drive unit and 6 rotary gear actuators.

e e MBT Rart at 005/00:25: 53,998 unas
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ACCELEROMETER

[ZfSAMS [Joare

Head C, 25 Hz
fs = 125 samples per second

[ ] spACEHAB Modul;e
[] Middeck
I:I Keel Bridge

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT
No obvious impact for the partial closing of the payload bay doors has been identified in the SAMS

data.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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VERNIER REACTION CONTROL ACCELEROMETER
SYSTEM (Reboost Maneuver) MS AMS D OARE
MISSION |
STS-78, June 1996, LMS Head A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION
During LMS, a detailed test objective called the g
Vernier Reaction Control System Reboost
Demonstration was performed to demonstrate
reboost capability for the Hubble Space Telescope

[ ] SPACEHAB Module
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EFFECT ON MICROGRAVITY ENVIRONMENT

During this test, the Orbiter was in a -XLV/-ZV'V attitude while two pairs of VRCS jets (F5L/F5R and L5D/R5D)
were alternately fired in a precise pattern to slightly raise the Orbiter's altitude. This pattern can be seen in the figure
on the right where the forward (FWD) and AFT vemier jet firings are indicated by the top and bottom rows of "+"
markers, respectively. As a result, the Orbiter was boosted to a higher aititude as is suggested by the pitch angle data
plotted at the top of the figure on the right. The acceleration vector magnitude during this test did not exceed 2.5 mg,
and was nominally below about 1 mg, not much above the background acceleration environment. The power spectral
density plots of the figure on the left show the acceleration spectra below 0.2 Hz from three different ime frames for
all three Orbiter structural axes, X,, Yo, and Z,, from top to bottom. The left-most column of plots corresponds to a
ttme frame just before the VRCS reboost. Plots in the center column were computed from accelerations measured
during the test and the right-most column of plots corresponds to a time frame which occurred not long after
completion of the test. Comparison of the “during” spectrum to both the “before” and “after” spectra reveals that the
VRCS reboost excited the low frequency acceleration environment (below about 0.1 - 0.2 Hz) primanly on the X, and
Z, axes. Most notably, the excitation produced an increased magnitude around 0.04 Hz.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/



MET Start at 015/19:21:59.983
VRCS Reboost Demonstration

Head A, 100 He
Iom 500 sempius pur sosand

85

FWDH+ + + + + + + + + 0+

itude (mg)

Vector M:

3 of ]
? %W j
ﬂ -1
&

+ + HHEE o+

4+

5
Time (min)

SAMS Data for VRCS Reboost Demonstration

R S i

“ BEFORE
10
1o
a8
n‘ 10
310‘
)
s v
10”
0 0.1
107 107 —— 10°
%10‘ 10" 10t
2
ilo"”
1
>
S
0 0.1 0.1 02
0™ 107 — 10
Q10 10
2
310'“’ m‘w
|
N
10" 102 107
0 0.1 02 0 004 Ol 02 o 01 0.2

Prequency (Hz)



L Microgravity Environment Description Handbook I I- 15

RADIATOR DEPLOY ACCELEROMETER
[V[sams  [Joare
MISSION
STS-78, June 1996, LMS TSH A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY

Radiator panels attached to the forward payload
doors are part of the Active Thermal Control
System which provides orbiter heat rejection during
a mission. Depending on particular mission

[ ] SPACEHAB Module

requirements, these radiator panels may be D Middeck
deployed at different angles and may be reoriented '
during the mission. In order to deploy each D Keel Bridge

radiator, six motor driven latches must first be
unlocked, and then the radiators are moved by a
motor with a torque-tube-lever arrangement.

Port Radistor Deploy on LMS, SAMS TSH-A

s
1’ T T T T T T T T

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT

When these doors are moved, transient disturbances are imparted on the orbiter structure by means of
six motor-driven latches. These transients can reach magnitudes of 0.3 mg.

The above figure shows 3 overlapping PSDs, plotted for 25 second periods before deploy, during
deploy, and after deploy of the port radiator. The during deploy period shows the presence of 6.30 Hz and
9.47 Hz peaks. After the deploy is completed, there is a 3.37 Hz peak present in the data.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: ptms@lerc.nasa.gov. URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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II. 1

RADIATOR DEPLOY

MISSION
STS-62, March 1994, USMP-2

SOURCE OR ACTIVITY

Radiator panels attached to the forward payload
doors are part of the Active Thermal Control System
which provides orbiter heat rejection during a
mission. Depending on particular mission
requirements, these radiator panels may be deployed
at different angles and may be reoriented during the
mission.

MET Sart & 0000059999 um——
Radiaver Pt Oupiay

Acoriessin Vextor Magamude (5)
3

ACCELEROMETER

[[sams  [Joare

UnitF, TSH A, 10 Hz
fs = 50 samples per second

MEASUREMENT LOCATION
Spacelab Module Y

[ ] SPACEHAB Module
[ ] Middeck

D Keel Bridge

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT
When these doors are moved, transient disturbances are imparted on the orbiter structure by means of
six motor-driven latches. These transients can reach magnitudes of 0.3 mg.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa. gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL.: http://www lerc.nasa. gov/ WWW/MMAP/PIMS/
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Ku-BAND ANTENNA

MISSION
STS-62, March 1994, USMP-2

SOURCE OR ACTIVITY

The Ku-band antenna is located in the forward
portion of the payload bay on the starboard side of
the vehicle. On orbit, this antenna is deployed for
communications between the orbiter and the
Tracking Data Relay Satellite System (TDRSS). It
is dithered at 17 Hz to prevent stiction of the gimbal
mechanism to which it is mounted.

Larger plots on reverse

MET Start at 011/21:00:00,321, Hanniag be109 ot
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II. 2

ACCELEROMETER

[sams [Joare

Unit F, Head B, 25 Hz
fs = 125 samples per second

[ ] SPACEHAB Module
[ ] Middeck

D Keel Bridge

e gyinded MET Stan ot 011/21:00:00.321, Hanalag &= 119 F g
MBDS$: Xu-Baad Asienan Dithor (MPHSE Mesmarernani)

EFFECT ON MICROGRAVITY ENVIRONMENT

Reaction torque forces at the base of the gimbal produce a distinct 17 Hz oscillatory disturbance which
acts as a beacon signal within orbiter acceleration data owing to its intensity and nearly continuous operation.
The intensity of this disturbance is variable, but root-mean-square acceleration levels resulting from this 17
Hz component are typically about 100 pg,s. Its second and third harmonics at 34 and 51 Hz are often quite
prominent and 85 Hz has been seen on the other carriers, using higher frequency sensor heads.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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MEPHISTO

MISSION
STS-62, March 1994, USMP-2

SOURCE OR ACTIVITY

A valve was closed on the Materials for the
Study of Interesting Phenomena of Solidification on
Earth and in Orbit (MEPHISTO) furnace
experiment. This valve was latched during
experiment operation to observe the effect of the
vibration on the furnace sample.

Larger plots on reverse
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ACCELEROMETER

[fsams

Unit F, Head A, 10 Hz
fs = 50 samples per second
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Spacelab Module

|

Y MEDS: MEPHISTO Latch Cloeing
10 1 A 1 i L A

0.75+ r -1

v

e
&
1

Accelermion Vector Magautode (g)

[T

-
&

-

EFFECT ON MICROGRAVITY ENVIRONMENT

I1. 3

Closure of a valve used in the experimental apparatus was noticeable in the acceleration data. The effect
was a transient disturbance reaching about 1 mg, which excited a resonant damped ringing at 4.8 Hz evident

primarily in the Z,-axis.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660
URL: http://www.lerc.nasa.gov/WWW/MMAP/PIMS/
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ORBITAL MANEUVERING SYSTEM

MISSION
STS-62, March 1994, USMP-2

SOURCE OR ACTIVITY
The OMS is used to place the vehicle in orbit, for
major velocity changes and to slow the Orbiter for

reentry.

Larger plots on reverse
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ACCELEROMETER

Unit F, Head B, 25 Hz
fs = 125 samples per second

MEASUREMENT LOCATION
Spacelab Module

D Middeck
D Keel Bridge
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EFFECT ON MICROGRAVITY ENVIRONMENT

When the OMS engines are fired, initial transients in excess of 50 mg have been observed and net
accelerations on the order of 20 mg lasting for as long as 40 seconds occur primarily in the -X,, direction.
Due to the alignment of the engines, the accelerations occur primarily in the X, axis.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@]lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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PRIMARY REACTION
CONTROL SYSTEM

MISSION
STS-62, March 1994, USMP-2

SOURCE OR ACTIVITY

There are 38 Primary Reaction Control System
(PRCS) thrusters located on the Orbiter. These are
used on orbit to provide attitude pitch, yaw and roll
maneuvers as well as translational maneuvers.

Larger plots on reverse
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ACCELEROMETER

[V[sams []JoARE

Unit F, Head B, 25 Hz
fs = 125 samples per second

[[] SPACEHAB Module
I:l Middeck

[[] Keel Bridge
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EFFECT ON MICROGRAVITY ENVIRONMENT

The impulsive nature of PRCS thruster firings produce relatively high acceleration levels ranging from 6
mg to about 55 mg for typical durations between tens of milliseconds and seconds. These impulsive events
also typically excite orbiter structural modes at 3.5, 4.7, and 5.1 Hz. These structural excitations lead to the

"ringing" behavior after the event as seen from 15 - 25 seconds in the plot on the right.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@]lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660
URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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VERNIER REACTION ACCELEROMETER
CONTROL SYSTEM [[sams  [Joare
MISSION
STS-75, February 1996, USMP-3 Unit F, Head B, 25 Hz

fs = 125 samples per second

SOURCE OR ACTIVITY

There are six Vernier Reaction Control System
(VRCS) thrusters used for fine adjustment of
vehicle attitude. Two VRCS thrusters (FSR, F5L) .
are located in the nose of the orbiter, while four D SPACEHAB Module
other VRCS thrusters (RSR, R5D, L5L, L5D) are I:I Middeck

located in the tail.
L—_l Keel Bridge
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EFFECT ON MICROGRAVITY ENVIRONMENT

The effects of VRCS thruster firings are not as noticeable as PRCS firings. Typical peak acceleration
levels range from 0.3 mg to 0.7 mg. In the above figure, individual firings of the F5R and FSL jets are
indicated by "o" symbols, while combined (simultaneous) firings are denoted by a "+". Notice the tendency
for increased acceleration impulses in the Z,-axis during these simultaneous firings.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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CREW SLEEP ACCELEROMETER
[sams [Joare
MISSION
STS-62, March 1994, USMP-2 Unit F, Head B, 25 Hz

fs = 125 samples per second

SOURCE OR ACTIVITY
On single shift missions, the microgravity
environment becomes quiet during crew sleep.

[] SPACEHAB Mo
[[] Middeck

Larger plots on reverse l:l Keel Bridge
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MEDS: Crew Sleep (M PBSS Meoamu rament)

EFFECT ON MICROGRAVITY ENVIRONMENT

Crew sleep times during a single shift mission such as USMP-2 result in acceleration levels in the 1 to 4
Hz range below about 10 pug,,s. Vehicle structural modes and the Ku-band antenna are the primary
disturbance sources during crew sleep. VRCS firings continue to affect the environment, as evident by the
broad-band (vertical yellow-green) disturbances in the color spectrogram plot.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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II. 8

FLIGHT CONTROL SYSTEM

MISSION
STS-75, February 1996, USMP-3

SOURCE OR ACTIVITY

Approximately one day before scheduled re-
entry, a two-part checkout procedure is performed
to verify operations of the Orbiter Flight Control
System (FCS). The first part of this checkout uses
one of the three auxiliary power units (APUs) to
circulate hydraulic fluid in order to move the
rudder, elevons, and ailerons of the Orbiter. As an
APU is activated, exhaust gas is vented in the +Z,
direction. The result of this venting is similar in
nature to a VRCS jet firing, ranging from nearly 0
to 30 pounds of force. The exhaust does not vent as
a steady stream, but cycles at approximately 1to 1.5
Hz.

Larger plot on reverse

l Microgravity Environment Description Handbook I

ACCELEROMETER

[sams  [Joare

Unit G, Head A, 5 Hz
fs = 50 samples per second

MEASUREMENT LOCATION
D Spacelab Module

[ ] SPACEHAB Module
D Middeck
D Keel Bridge

o e MET Stust s 013/1%0C: 00,277, Renning o= 87
Pight Costrol Systern (FCS) Checkont

EFFECT ON MICROGRAVITY ENVIRONMENT

The figure above shows a SAMS Unit G TSH A spectrogram showing the extent of the first part of the
FCS checkout. The activation of APU1 is identified at about 3 minutes into the plot by a sudden change in
acceleration characteristics. Of particular note is the appearance of a 1.3 Hz signal and several upper
harmonics. These signals remain in the data throughout the checkout period, with slight shifts in the
frequencies about 13 and 18 minutes into the plot. Broadband excitation of the microgravity environment
about four minutes into the plot appear to be correlated with changes in APU1 turbine activity, as are the

shorter excitations between 20 and 27 minutes into the plot.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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TETHER SATELLITE ACCELEROMETER
SYSTEM DEPLOY [[sams  [JoAre
MISSION
STS-75, February 1996, USMP-3 Unit F, Head A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY

The deploy operation of the Tether Satellite
System (TSS) deployed the experiment
approximately 12.8 miles (20.7 km) overhead of the
orbiter Columbia.

Larger plots on reverse
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EFFECT ON MICROGRAVITY ENVIRONMENT

The deploy of the satellite and tether caused two primary effects in the microgravity environment. The
first effect is illustrated by the variable frequency disturbances in the spectrogram between 5 and 20 Hz.
These disturbances were caused by the various pulleys used in the cable deployment mechanism.

The other effect is the gradually increasing quasi-steady levels primarily seen in the Z,-axis. These
changing levels are due to the gradual motion of the vehicle (Orbiter and TSS) center of mass location from
within the Orbiter cargo bay to a position between the Orbiter and TSS. Gravity gradient and centripetal
accelerations were then introduced into the SAMS measurements. At a separation distance of 20 km, the
quasi-steady acceleration level was increased by about 50 mg.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www.lerc.nasa.gov/WWW/MMAP/PIMS/
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ERGOMETER (crew exercise) ACCELEROMETER
[fsams [Joare
MISSION
STS-75, February 1996, USMP-3 Unit F, Head B, 25 Hz

fs = 125 samples per second

SOURCE OR ACTIVITY

The ergometer is a bicycle-type of exercise
equipment in that pedaling is the primary means of
getting exercise. This equipment has been configured
with various forms of isolation systems on different
shuttle missions.

(1) Hard-mounted - No isolation is employed, it is .
bolted directly to the middeck or flight deck. [] Middeck

(2) Inertial Vibration Isolation System (IVIS) - This I:I Keel Bridge
1solation system is primarily aimed at combatting the
side-to-side motion of the person who is exercising.

Counter-weights are driven by the pedal shaft to be 180° Larger plot on reverse
out of phase with the side-to-side motion.

(3) Passive Cycle Isolation System (PCIS) - This —— T S OLY2130:0000 g e 215 -
system attempts to "free-float” the exercise equipment amms MEDS B Pam i -

via four braided cable, wire-rope isolators.

(4) Ergometer Vibration Isolation System (EVIS) -
This is a three-axis vibration isolation system. The
ergometer Z-axis isolation is an active system of
counterweights which react to the motion of the crew
member. The ergometer X- and Y-axis isolation is
accomplished by a two-axis slide on the floor the
mounting assembly.

(5) Bungee isolation - In this configuration, a
recumbent bicycle is suspended by a system of elastic
bungee cords. These cords are secured to various points
on the surrounding shuttle structure. The suspension
support is primarily in the XY plane of the ergometer.

EFFECT ON MICROGRAVITY ENVIRONMENT

The effects of exercising on the microgravity environment are seen mainly in the frequency range from
about 1 to 4 Hz and last for the duration of the exercise. Depending on the particular crew member and the
vibration isolation used, typical acceleration levels in this frequency range can vary between 50 fgg,s t0
about 1 mggs.

The exercise period may be seen in this plot beginning shortly after minute 10, and ending around
minute 40. This plot not only shows the primary exercise frequency (~2.5 Hz, related to the pedaling), but
also shows the sub-frequency (~1.25 Hz, related to shoulder rocking). This exercise was conducted with an
ergometer in the crew cabin, while the SAMS unit was located on the MPESS carrier.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL: http://www lerc.nasa.gov/'WWW/MMAP/PIMS/
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CENTRIFUGE ACCELEROMETER
[sams  [JoARE
MISSION
STS-60, February 1994, SPACEHAB-2 TSH B, 50 Hz

fs = 250 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION

A centrifuge was used in a Detailed D Spacelab Module
Supplementary Objective (DSO-202) conducted
during SPACEHAB-2. This was a joint
U.S./Russian metabolic investigation into the effects
of microgravity on body fluids.

D‘f;/[iddeck
D Keel Bridge

Larger plots on reverse
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EFFECT ON MICROGRAVITY ENVIRONMENT
During centrifuge operation, a strong, tightly controlled, 16.5 Hz disturbance with acceleration levels

around 14 pg..s was evident in all three structural axes.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc nasa.gov. URL: http:.//www lerc.nasa.gov/WWW/MMAP/PIMS/
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REFRIGERATOR/FREEZER (SOR/F)

MISSION
STS-60, February 1994, SPACEHAB-2

SOURCE OR ACTIVITY

The Stirling Orbiter Refrigerator/Freezer
(SOR/F) was used on SPACEHAB-2. The
refrigerator has a compressor which contains a
piston driven by a linear motor.

Larger plots on reverse
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ACCELEROMETER

MSAMS [ JoARE

Head B, 50 Hz
fs = 250 samples per second

MEASUREMENT LOCATION
D Spacelab Module
Cargo bay /S

D Middeck
I:I Keel Bridge

e ed MBT Start & 002/13:00:00.747, Haaviag b= 109
aun Stirling Orbitar Ratrgarsioe/Procser

EFFECT ON MICROGRAVITY ENVIRONMENT

The dominant source of vibrations in this cryocooler is its compressor which contains a piston driven by
a linear motor. Operation of the compressor during SPACEHAB-2 produced an intense oscillatory
disturbance around 60 Hz and its second harmonic (120 Hz). This pump was the dominant oscillatory
disturbance during its operation. It has been seen to produce accelerations in the 59.9 - 60.3 Hz region in

excess of 2000 pggs.

%

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio.
e-mail: pims@lerc.nasa.gov.

Telephone: 216-433-8394. Facsimile: 216-433-8660

URL: http://www lerc.nasa.gov/WWW/MMAP/PIMS/
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Ku-BAND ANTENNA ACCELEROMETER
[[sams  [Joare
MISSION
STS-60, February 1994, SPACEHAB-2 Head B, 50 Hz

fs = 250 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION

The Ku-band antenna is located in the forward D Spacelab Module
portion of the payload bay on the starboard side of
the vehicle. On orbit, this antenna is deployed for D Cargo bay / Spacelab_
communications between the orbiter and the TAB"
Tracking Data Relay Satellite System (TDRSS). It .
is dithered at 17 Hz to prevent stiction of the gimbal D Middeck
mechanism to which it is mounted. D Keel Bridge

Larger plots on reverse
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EFFECT ON MICROGRAVITY ENVIRONMENT

Reaction torque forces at the base of the gimbal produce a distinct 17 Hz oscillatory disturbance which
acts as a beacon signal within orbiter acceleration data owing to its intensity and nearly continuous
operation. The intensity of this disturbance is variable, but root-mean-square acceleration levels resulting
from this 17 Hz component are typically about 100 pigg,. Its second and third harmonics at 34 and 51 Hz
are often quite prominent and 85 Hz has been seen.
——%——
For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@lerc.nasa.gov. URL.: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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CREW SLEEP ACCELEROMETER
[sams [Joare
MISSION

fs =250 samples per second

SOURCE OR ACTIVITY
On single shift missions, the microgravity
environment becomes quiet during crew sleep.

Larger plots on reverse
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EFFECT ON MICROGRAVITY ENVIRONMENT
Sleep during a single shift mission such as STS-43 results in acceleration levels in the 1 to 4 Hz range
below about 20 ug,,s. Vehicle structural modes and the Ku-band antenna are the primary disturbance

sources during crew sleep.

For further information, contact Duc Truong
NASA Lewis Research Center, Cleveland, Ohio. Telephone: 216-433-8394. Facsimile: 216-433-8660
e-mail: pims@]lerc.nasa.gov. URL: http://www lerc.nasa. gov/WWW/MMAP/PIMS/
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ERGOMETER (crew exercise) ACCELEROMETER
]sams [ ]JoAre
MISSION
STS-66, November 1994, ATLAS-3 Head A, 10 Hz

fs = 50 samples per second

SOURCE OR ACTIVITY MEASUREMENT LOCATION

The ergometer is a bicycle-type of exercise equipment
n that pedaling is the primary means of getting exercise. I:I Spacelab Module
This equipment has been configured with various forms D Cargo bay / Spacelab
of 1solation systems on different shuttle missions. _

(1) Hard-mounted - No isolation is emploved, it is
bolted directly to the vehicle.

(2) Inertial Vibration Isolation System (IVIS) - This
1solation system is primarily aimed at combatting the
side-to-side motion of the person who is exercising.
Counter-weights are driven by the pedal shaft to be 180°
out of phase with the side-to-side motion.

(3) Passive Cycle Isolation System (PCIS) - This
system attempts to "free-float" the exercise equipment
via four braided-cable wire-rope isolators.

(4) Ergometer Vibration Isolation System (EVIS) - . MET S 001050000 724, Gommmg 175
This is a three-axis vibration isolation system. The = DS, B B Ot Moot

ergometer Z-axis isolation is an active system of
counterweights which react to the motion of the crew
member. The ergometer X- and Y-axis isolation is
accomplished by a two-axis slide on the floor of the
mounting assembly.

(5) Bungee isolation - In this configuration, a
recumbent bicycle is suspended by a system of elastic
bungee cords. These cords are secured to various points
on the surrounding shuttle structure. The suspension
support is primarily in the XY plane of the ergometer.

Fraquency (Hs)

Larger plot on reverse

EFFECT ON MICROGRAVITY ENVIRONMENT

The effects of exercising on the microgravity environment are seen mainly in the frequency range from
about 1 to 4 Hz and last for the duration of the exercise. Depending on the particular crew member and the
vibration isolation used, typical acceleration levels in this frequency range can vary between 50 g, t