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alnma 
The first NASA Spacelab Life Sciences mission (SIS-l) 

flew 5 June to 14 June 1991 on the orbiter Columbia (STS-40). 
The purpose of themission was to investigate the human body's 
adaptation to the low gravity conditions of space flight and the 
body's readjustment after the mission to the 1 g environment of 
earth. In addition to the life sciences experiments manifested for 
the Spacelab module, a variety of experiments in other scientific 
disciplines flew in the Spacelab and inGetAway Special (GAS) 
Canisters on the GAS Bridge Assembly. Several principal 
investigators designed and flew specialized aecelerometer sys­
tems to characterize the low gravity environment This was 
doneto betterassesstheresultsof their experiments. This was 
also the Rrst flight of the NASA Microgravity Science and 
Applications Division (MSAD) sponsored Space Acceleration 
Measurement System (SAMS) and the fast flight OftheNASA 
Orbiter Experiments Office (OEX) sponsored Orbital Accel­
eration Research Experiment accelerometer (OARE). We 
present a brief introduction to seven STS.40 aecelerometer 

systems and discuss and compare the resulting data. 

The fwst NASA Spacelab Life Sciences mission (SIS-l) 
flew 5 June to 14 June 1991 on the orbiter Columbia (mission 
STS-40). The purpose of the mission was to investigate the 
human body's adaptationto the low gravity conditions of space 
flight and the body's readjustmentafter the mission to the 1 g 
environment of earth. In addition to the llfe sciences experi­
ments manifested for the Spacelab module, a variety of experi­
menus in other scientific disciplines flew in the Spacelab and in 
Get Away Special (GAS) Canisters on the GAS Bridge Assem­
bly. To better assess the results of the various experiments, 
several principal investigators designed and flew aeceler­
ometer systems. This was also the rwst flight of the MSAD-
sponsored SAMS and the first flight of the OEX-sponsored 
OARE. In the following section, we introduce seven accel­

erometer systems which measured and recorded acceleration 
levels during STS-40 and discuss the resulting data. 

2. Aecelerometer Systems. Data. and l_e.,_Its 

The STS-40 accelerometer systems to be discussed are 
listed in Table I. :_ 

, : ...,= 

Table 1. STS-40 Accelerometer Systems 

Accaeromem" 
System/Exper_eat 

Fluid Bdlavior md 
zeo te 
GrowthExpezime_ 

&allima_ 

Crystal Growth 

Orbiter Stability 
Exp_ 

OARE 

HiRAP 

_ State 
Mk:m-Acceiemme_ 

SAMS 

]hn,est_tor I Oripnizaam/ 
Contact Person Affiliatiou 

Wdliam W. Durgin Wcxeest_ 
r'dyted 
lnslimte 

David K _ Case Weszma 

Reserve Univ. 

Werner Neupert NASA GSFC 
, . 

_ C,.Blmdmnt NASA LaRC 

Rolx_ C. Blmdm-d NASAl.aRC 

PhiI_" Roussd ESA 

Richard Dd.s3mlxud NASA Le.RC 

2.1	 GTE Gallium AJ_enideCrystal Growth Exneriment 

The GTE experiment was designed to study the effect of 
redtr.odgravityonthegrowthofgallium a_enidesemionndmtor 
material. I The experiment was located in GAS CanisterG-052 
and was oriented with the aecelerometer x- and y-axes parallel 
to those of the Orbim- and with the z-axes anti-parallel. A 

SundstrandQA -2000 sensor was aligned with the crystal gsowth 
axis(x-axis)	 wereusedinthey-andz­andQA-1400sensors


directions. The measurement range for the system was lxl0 -5 

All riSbn _d. 



clear to what extent the smooth reversal of attitudeis the result units) were mounted in a three axis array on a one axis vibrating 

of a sequence of thruster firings or reflects a low frequency table designed to provide variable calibration signals during 

response by theOrbiterto a single firing. In any case, no angular flight. Four accelerometers were oriented with their sensitive 

vibration at frequencies above about 1 Hz attributable to a axis parallel to the vibration axis of the table and to the Orbiter 

vernier thruster fu£ng is detectable with the present insu'ument. y-axis, three parallel to the Orbiterx-axis, and three parallel to 
the Orbiter z-axis. Each accelerometer unit included a small 

2.4 ESA Solid State Micro-Accelerometcr proof mass (15 micro-gram) and supporting silicon springs 

The primary objective of the Solid State Micro-Acceler- fabricated from mono-crystalline silicon and combined on a 

ometer experiment (SSMA) was to test a new type of highly hybrid subslrate with analog readout electronics. The micro-

sensitive accelerometex in low-g to characterize the instrument structure and associated micro-electronics were sealed and 

performance. The system was designed to provide an engineer- mounted in a standard, 14 pin dual-in-line electronics package 
ing test demonstration of the sensors to prove suitability for as an integral unit. 
applications on futureflights. The SSMA was located in GAS The SSMA was designed to olin'ate in the range _ milli-g 
Canister G-021. Twelve accelerometers (includingtwo dummy with a sensitivity of 125 volts/g and a frequency range of d.c. to 
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Fig. I.	 Time history (a) and frequency domain representadonCo)of SSMA y-axis data 
during Experiment Sequence 5. Note the 1 Hz/6 lagcalibration signal and structural 
frequency modes of 3.7 and 4.7 Hz. Data were sampled at 16 Ha and a 4 Hz cutoff 

was applied in processing. 
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Fig. 3. Overlay fging andl-second SAMS dam. Solidoffltrusmr occurrences mean circles 

deno_vernierthrusterfwings, denote thrusteropencircles primary firings. 

Variation of atmospheric drag among orbitswas on the orderof 
+gx10 "7 g. Some erraticinstrumentbias persists in the x- and 
z-axes.Intheseaxes,theOARE datacanbe madetomatcha 
comprehensive modelby making agnosphcric-aerodyrmmic
arbitrarybiasadjusunents. 

2.6HighResohfionAcceleration
Package
 

TheHighResolution Package(HIRAP)con-
Acceleration


sistsof onhogonal, gas-damped
a setof three pendulous,

accclerometers, aresolution andameasure­eachwith ofIttg


mentrangeof approximately_ ttg. I-TtRAPis designed to 
measure high-altitude aerodynamicacceleration on the Orbiter 
vehiclediningatmosphericre-entry. TheHiRAP is mountedin 
a wing box of the cargo bay, such that theo_ogonal HiRAP 
axesarealigned with theOrbiterbodyaxes.Data arecollected 
at 112 Hz, and two lowlmss f'dtctsat20 Hzand2 Hz areapplied. 
HiRAP absolute overits flights 1983,accuracy twelve since

after caFurafion,inthe 3to7l, 4"13
in-flight is range tg.


DuringR-entry, control usedfor
 aerodynamic surfaces

Orbiter attitude power.Thisand control require hydraulic 
poweris providedbya setofthreeauxiliary power units (APLD. 
Theexhaustgasportsfor turbines located
theselmlscd are o,fl_e
 

topoftheOrbimrjustfront sides vertical
in andtothe ofthe tail.
 

The exhaust jets of gas produce accelerations in the Orbiter 
negative z-direction. These APUaccelerations were measured 
and recorded by HiRAP. 

The APU signals become evident at two times during 
Orbiterdescent:just before the deorbit bum andjust before the 

onset of annospheric drag. The 112 Hz IXaRAPdam wee 
averagedoverone second intervalsmpermit c_ of 
the acceleration changes. A time history of Ibis period showsa 
shiftat the ignitionof the fu-stAPU, a sensor saturation during 
deorbitburn,a s_,ond shiftat the ignition of the second and thixd 
APU, andtheonset ofdominantatmospheric drag. 

Aroundthe fizstAPUwansidon, a measurementofthedam 
shift showsa bias ofabout 15 lag. Datafromthesecondandthint 
APU transifiomshow a shift of about32 lag. It is at the second 
APU wansidon regionthat I-fiRAP isanin-flight calibration


performed. isin_
 This32IJgshift in the calibrafio_ 
aerodynamic The shifts z-axis signalsignal. inthe acceleration


are consistent with the shifts found in prior HiRAP missions. 

2.7Space Acceleration Measurement System 

The Space Acceleration MeastLrement System was devel­
oped tomonitorand measure the low-genvironmentofMSAD­
spon_red scietw.epayloads on theOrbiter. 14,15SAMS consists 
of threeremoteuiaxial sensorheads,connccdngcables,anda 
conu_ollingdam acquisition unit with a digital dam recording 
systemusingop6cal with200megabytestorage
disks capacity 
perside. m thedam storage Wkh crewaccess changethedisks,


capacity iscsscatially unlimited. OnSTS-40, threeuiaxial se_ 
ofSundswandQA-2000sensocs dam at25samples perrecorded

second with a 5 Hz lowpassfdtcr applied (140 dB/dccade 
tailor0. The SAMS electronicscontrol and dam recording
 

package was mounted in the Spacelab in SMIDEX Rack 5; 
SAMS wasmanifested the Solid Combus.to support Sm-face
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SAMS, and SSMA dam. The SAMS and SSMA data show 
typical excitation of Orbiter and Spacelab sm_ctmal modes. 
Themostcommon ofthesemodesintheSTS .40dataarethose
 

at3.5,4.7, 6.2, dataata
5.2, and7Hz. TheSSMA, recording


highersampling thanother onSTS-40,also
 rate instruments

measuredthe17Hz Ku-band dither su'uc­antenna andOrbiter


ruralmode. The factthatthe4.7Hz Spacelabmode was
 

recorded us
bytheSSMA ontheGAS BridgeAssemblyleads

toreevaluate ofhow vibrations
ourunderstanding propagate
 

acrossloosely structures. analysis
cowled Further ofthis
 

phenomenonisrequired.
 
The flight sevenacceleromcter discussed
ofthe systems


heremadeSTS-40thebestinstrumented Orbiter to
Iow-g flight

date. The analysis ourknowledgehasincreased of thetypical 
accelerationenvironmentofamannedOrbiterinlow-Earth 

orbit. work,specifically domainFurther additional frequency
analysis, comparisons of thrusterruing times with accelemm­
eterdata, inthe
 and comparisons ofdatafromaccelemmcters
Spacelab GasBridge willgreatlyenhanceandonthe Assembly,


our understanding of the propagation of accelerations through­
out and ac_rgssstructures of the Spacclab and Orbiter. 
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