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NAGA Goddard Space Flight Center
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written for the Project Explorer Team
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To date the Alabama Space &nd Rocket Center (ASRC) in Kuntsville Yes
sin'ertzken the sponsorship of three Get Away Specials as part of its Project
“upicerer program for promotion of space flight and student participation in
«urTent space activities. The purpose of this paper is to review the history
of Project Explorer, present preliminary experimental results, and describe
future ASRC plans for Shuttle Get Away Special payloads, including GAS-105
and GAS-608. The involvement of youth attending the ASRC's SPACE CAMP is
also briefly described.

1

pRECEDw“;PAﬁﬁ.BLAN“;NQqutﬂEE@%

223

st
A3




GAS-e@7: FIRST STER IN A SERIES OF EXPLORER FAYLOADS

As part of tne NASA Get Away Special program for flying
small, self-containeg paylcoads onboard the Space  Shuttle, the
flabama Space and Rocket Center (ASRE) in Huntsville nas spon—
sored three of these payloads for its Froject Explorer. One of
these is GAS—-@QB7, which was carried oripginally on 8T8 mission 41—
5 in early October 1984. Due to an coperational error it was not
turrned on and was, therefore, subsequently rescheduled and flown
o mission 61-C. This paper will review Explorer’s history,
coutline 1ts experiments, present some preliminary experimental
resuits, arna describe futuwre ASRC plans for Get RAway Speciai
activities, including follow-on Explorers GRAS-185 and GARS-6U8.
Additional details on GBRAS-R2A7 may be found in other papers bdre-—
pared for this symposium by Chris Rupp, Ea Stluka, Arthur
Hendersar, arnd Frank Wessling arnc also in two earlier symposium
oroceedings (3, 4,95,6).

BRACKGROUND

Under the dgirection of Edward O. Buckbee, ASRC, as thne
official sponsor, nas orovioed funds for purchase of the GAS—-VAY7
oaylocada carmister. From the begirnming 1t has cooperated with two
iccal educational institutions, the University of Rlabama in
Huntsville (UAH) and RAlabama A & M University, irn the desigr,
cevelopment, assembly, testing, and flight cperation of the

Ypar. ? The Alabama-Mississippi Section of the American Institute
of  Aerorautics and Astromautics (RIAAR) and the Marshall Amateur
Radio CTilub (MARD) have supplied technical support. The universi-
ties have furrmished laboratory ang researcn facilities. As

Explorer nas progressed, its mariager, Korrad Danneriberang, has
interfaced with NASA's Goddard Space Flight Center at major
oroject milestones. Al Orilliion has served as liaison to and
From AIAA. In addition to these persormel, & number of special-—
ist cornsultants have orovided volunteer—expertise in  various
subgject areas ta support the orojgject from its ineceptiorn  throuon
completion of the flight.

As with oatner Get Away Specials, the Rroject Explorer
payloaag was covceived and developed around a desire for simplici-
ty arnd stardardizatior. The contaivner in whicn it is housead
reoresents the 3argest of three choices of volume-weight carnmis-—
ters. "nysically it is a cylinder 28.23 inches high arna 13.75
irnches in diameter which containg & working volume of five cubic
feet. GAS-227 met the NASA overall weight reguirement for this
size can, peing under ZOQ pournds, including experiments and
nocunting pieces, at the time of shipment.

Explorer carried fouwr experiments in its carmister which
were originaltly formulated- by dits principal investigators as high
school studerts. Experiment #1 i1is an investigation in
microgravity of saolidification of samples of two different al-
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loys. Experiment #2 is a study of the germination and orowtn of
radish seeds iwn the reduced-graviity envirorment. The thard
experimnent is an arrarngement for electrocnemical growtn of a
complex inorganiic crystal. The fourth part of the paylcad is
cesignated MARCE, as it was prepared by the Marshall Amateur
Racio Club (MARC). it reoresents the first-ever transmissicon of
signals from tne Shuttle for reception reai-time by amateur radio
coerators worldwide. Some detailis of thnese experiments and their
results from 578 6€61-C are piven pelcow.

FROJECT HISTORY

Cornceived in 1978, GAS-8Q@7 navipated a iong road of techri-
cal preparation and revision whicn inciuded a number of changes
in its flight schedule. It was subjected to and successfully
completed 1ts functioral testivrg phase i1rn thne pericd marenh 3-i6,
1984, In this operation all activities were performed in a
saboratory exactly as plammed to cocur in the actual missior. A
SFAR (Space Processing Apolications Racket) battery was utilizeda.
A second major miliestore, the system thermal test. was conducted
April 7-13, 1984, to simulate the thermal envirornment expecteod
and to determine any adverse effects on tne cesign configuration.
For this test a laboratory power supply was used. The chief
result was tne discovery that a rutrient pump in the radisn
growth experiment would freeze at —-15 acegrees C, arid adjustments
were coconsequenti made to the heater power ocutputs for this
experiment arnc for the crystal prowth experiment.

The EMI (electromapnetic interfererce) checkout, congucted
Jurne 13, 1384, constituted a third significant test. With MmIL-—
STD-462R as the applicable starndard, the assenbly was exposed to
electromagnetic field radiation over a wide rarnge of freguencies.
No problems were fournd. The final major test barrier, & vipra—
tion test, was successfully completed during tne periocd July 16—
26, 1984, In this operation the whole assembly was mournted on a
iarge shake table capable of supplyirng a range of vibration
forces. The entire assembly, with its electric power applied Ffor
rnovmal transmitter operation, was shaker in three cimensions over
a range of acceleration forces. No locse conmections were found
and the results showed that GAS-OZ7 met the required structuradl
safety margins. Techrical data from the vibration and EMI tests
and a related stress aralysis are given in an earliier paper (5).

The Explorer package was shipped to the Kernrnedy Space
Certer in late August 1984, Its checkout and integration  into
the Shuttle orbiter’'s bay followed. GAS—-2B7 was carried on  the
8TS 41-G missicon by Space Shuttle Columbia, with ilaunch on
October © and landing at Edwards Rir Force Base on October 13,
1984, It was determined, however, only late in the missiorn tnat
because of an operatiornal error the assembly was rot activated
as scheoguled. Conseguently no experimental data were acouired.
R careful paostflight arnalysis revealeo rno evidernce of arcmalies
within the carnnister and plans were developed for a reflight on a
subsequernt Snuttle mission.
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O few minor actions were recuired for preparation for a rnew
MmisSsilcv. Chief of these was the rnecessity to veplace the main
battery due to aging. O0f the two SPAR  bpattery spares, one
ceveloped a casirng leak and the second exhibited low voltage in
one cell. Because of the battery difficuities, assigrment To
missiornm S5T8 S1-6 was abandoned and arm SRE (Solid Rocket Booster)
pattery was selected as a replacement. The rnew oower source naa
a capacity of 3@ amp-hours at 28 volits deo at the the time and
therefore provided a greater reserve overall for GAS-Q@7. Fortu—
nately, also, this battery fit into tne existing space occupled
by its ©SBFAR predecessor. Feside the battery replacement, a
charge im the MARCE trarnsmitter was made when approval was
received to upgrade its radic freguency power from 2.3 to S.@
watts. Some  minor modifications in MARCE software were also
made.

0w {ctober 28, 1285, GAS-AZ7 was shipped to the Kermedy
Space Center for its reflight on STS mission 61-C. Following a
pericod of checkout and integration similar to that for the ore-
vious 4i~-C missiorn, the 17@-pound Explorer was launched on

Jarmary i3, 19586. Carrying a crew of seven astronaut-pilots,
paylocad specialists, ana missiorn specialists, the Shuttle
Columbia placed GAS-227 and ten othey carmisters into an oroit

i6@ rnautical miles nhign of Z8.5 ceprees inclination.

GAS—-227 was turved on, as scheauled by the Crew Activity

Rrlan, at 11252 (1.e., eleven hours fifty minutes) nhours after
iiftoff. This action was accaomplished by a crew memper's keying
rumericai codes into the Autornomous Payloag Controller  (ARD)
iviside the orbiter, activating two MARCE relays in guick succes-—
sion and begirming a period of automatic operation. Because

cther papers plarmed for this symposium are cevoted to some  of
the experiments on Explorer, the reader is referred to these for
more cetail.

Experiment #1, involving the sclidification of two allays
in reduced gravity, was prepared by Arthur Hendersor, a former
craduate engivneering student at Clarksorn College of Technolooy
who received am urndergraduate degree at Alabama A & M university
and 1is now a NASA-Marshall employee. In Hernderson's experiment
small samples of lead—antimony (Pb-8b) and aluminum—copper (Ri—
Cu) hypereutectic alloys were neated, in separate furnaces, from
ambiernt temperature to temperatures above the respective eutectic
points, tenperature—controlled briefly, and then allowed to
soliidify. (8} dedicated electrornics package provided the
appropriate timing, data management, and interfaces with MARCE.

Herdersor’s geveral objective was primarily to determine
what differerces ivm alloy structure and properties are produced
with cooling under microgravity as compared with the Eartn-based
covditiar. He alsc sought to find out (1)whether any nitrides
might bpe formed by leakage of gas into the samples and (&) the
special surface effects applicable during solidification. Frelim-
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inary results indicate that the experimertal design worked quite
well, with both samples beirig heated as plarned. The samples
ccoled, from the end of the temperature-regulation period to the
phase—transition point (solid-liquid equilibrium line), at a rate
of approximately 11-12 degrees C per minute. Analysis of the data
was still underway at the time this paper was being prepared.

Experiment #2 was prepared urder the direction of Guy
Smith, who took his urdergraduate degree at UAH and is currently
Research Asscciate with the Johnsor Research Center at the
Uniiversity. His experiment socught to irivestigate the germination

supplying a rnutrient solution to the growth chamber. The chamber
was equipped with a heater intended to sustain 20 degrees C. The
plant rooting process was initiated and continued for some 79

hours instead of the anticipated 12@ hours. The reduction in
growth time was caused by a change in mission planning whereby an
earlier—than-normal reentry was elected. When the decision to

attempt the early landing had been made, a relay command from the
APC signaled a second small pump to discharge a buffered formal-
dehyde solution into the chamber. This action termirnated plant
growth and preserved the products for aralysis on the grourd.

The major purpose of this experiment was to evaluate
differences in tissue orientation arnd orpganization as they occcur
under microgravity cornditions. After the mission had ernded anc
the cannister opened for inspection, it was learned that the
seeds had grown normally, producing plants with an cutward
appearance that resembles those growrn on earth. The rocots pro-
duced average one centimeter in lergth. Although the chamber was
determined to have been significantly cooler than anticipated,
this amount of growth is about as would have beeri expected for

that range of temperatures under earth-based conditions. The
plants have been sent to a professional laboratory for full
analysis, including "embedding” and "sectioning," but data from

those examinations have rnot yet beern returned.

Jonathan Lee, an engineer at the BDM Corporaticn who re-—
ceived undergraduate and graduate engireering degrees from URH,
has been responsible for Experiment #3. His investigation was
concerned with the electrochemical growth of single crystals of
potassium tetracyanoplatinate hydrate (KCN) in an aquecus solu-

tion urnder the action of a small (1.3-volt dc) potential. Flash
photographs were takern as plammed every 4@ minutes to document
the growth process. Lee's chamber was also equipped with an

electric-resistarce heater, with its control point intended to be
1¢ degrees C.

The objectives of Experimerit #3 were to produce single
crystals of KCN; to investigate the governing reaction mechanism,
which had is thought to be one involving electron transfer; and
hopefully to evaluate the electrical properties of the product as
a "linear chain conductor." A postflight inspection revealed
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+nat indeed the process performed guite successfully: four fine
crystals, averaging about & millimeters in lenpth, were formec as

a result of the electrochemical action. Tnese products actually
represent two pericds of growtn, the first corrvesponding to the
olarmed pericd of &4 hours, and a second, Ypovius” pericd of 1@

Rours which arose after the first attempt at landing was waved
wfFF, Flthnouch the crystals are very much smaller tharn wnat would
be expected for eartn-like cornditions, the growtn process was
cemonstrated. This position is conmfirmed witn the hign cuality
ohotographs  takern during the mission. The orpbital environment
was distimectly colder thanm that anticipated in aovance, and tnhnis
Ffactor  is most likely the major cause of the smallier size of the
oroduct. The cn—off thermal cycling may alsa have influernced the
results. Analysis of the experimental operatien 1is rot yet
complete nut tne corystals seem to be too small to permit cetailed
examirnaticr.

The fourtnh experiment ancard GAS-@R7 is MARCE, prepared for
the Mrogect Explover by Ed Stluwka, an erncineer employed witn
Teledyrne Brown Engineering. As briefly mentioned apove, MARCE is
the first Get Away Special activity to conduct tranmsmission of
sigrnals on an anatew radic freoguerncy for recestion arcund the
worlao. Sirnce details about MARCE were scheduled to be bpresented
at this symposium Dy its principal investigator, anly a summary
will be piven here.

N the electronic hubp and lifeblood of tne erntire payloaao,
mARCE consisted of four major components: an NST 8@
microprocessor, with its central processing unit and associated
memory; a transmitter, with its accompanying dipcocle anterma: an
arnalop-to—dipgital converter for voice synthesis; and the GSREB
battery, which served as the centralized payload energy source.
Working i1y conjunction  with the other componernts of GAS-0@7,
MARCE (1) furrnished electrical bpower, () providec timiwvig ana se-
guencing contral, (Z)acoguired senscor data (carmmilister temperature
ard pressure) ard experimerntal measurements for sgtorage  1in
memory, arnd (4)downlinked, i.e., transmitted, its data To eartn-—
pased ‘Yham' radio operators.

The obiectives of MARCE were essentially two—folo: T
ensure, as best possibie, the successful operatiorn of the otner
three experiments arnd also to transmit the status of eacnh to
eartn—-bhased receivers in a real-time fashion. Operating at a
freguency of 438,833 Mz, MARCE trarsmittead directly to Earth as
plarmec with an effective radiated power of aboroximateiy 3.3
watts duwring three downlink cycles. In the Tirst downliinx the
trarsmitter came on once every minute for a duration of 32 sec—
ondsy in the second armd third downlinks, once every minute for 45
seccnds. Irn some instarnces it was also possiblie to tranmsmit the
sigrnals initially to the UOscar 10 sateilite, which then relayed
tnem to Earth at 143,372 FHz.

All the objiectives of mMARCE were achieved with great
suCcCess. As Stiuka reports at this symposium, “A total of 1,440
transmissions  were orogrammed... 485 messapes have beer  recelved
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to date...” ﬁltoﬁgfﬁer gata for some 112 hours of payioad
operation were acguired arnd stored into the MARCE memory.
Compared to the goal of a minimum of 120 hours, this total
reoresents a 9i% success.

when a decision had beern made to attempt an eariy ianging,
GAS—-E7 was turned off by an APC relay commarnac. Because of
agverse weather at the landing site, the attemnt was waved off.
MARC thern requested a secona power—up of GAS-2A7, which was
appraved but which, it was later learned, did rot lead to an
adeitional (Fourtn) 8-hour MARCE downlink cycle of data. Whers a
second attempt at landing was made, bad weather again forcea a
wave-off. As before, another (fifth) 8-nocur downlink was
reguested and pranteaq, leacging to actual transmitter operaticn.
A third landing attempt was likewise aborteaq, put rna aaditioral

Explorer operation followed. Mission &1-C finally erded witn
reentry and landing at Edwards Rir Force Base on  January 18,
1986, after a bit over 6 cdays 2 hours of flignt. After a snhort

celay, the paylocad was picked up at the Kernrnedy Space Center anc
brought back to Huntsvilie for postflight analiyses.

1l experiments on BRAS-AR7 worked as desigrned. Only be-
cause of an orbiter envirorment which was substantially colder
tharn plarmed were tne resuits not more satisfactory inm the cases
of Experiments #2 anc #3. It is rot possible to be exactly
certain as to how much better growth woulo have beerr achievea,
but the experimenters for these investipatins stronply believe

that petter aquality products would have bpeen obtained  1f
additiomal chamber insulation, more powerful heaters, ana/or
different Eartn—-ocrbiter orierntations had been availabnie. It is

recommended that this experience be irncorporated into future
experimnenter mission thermal requirements, 1.8., plarming for an
enviraonment of, SAY, 19-30 degrees C instead of @-2@0 degrees C.
Cocliirg provisions to controal temperature excursions above 3@
gegrees C are felt to be urrmecessary.

For several years ASRC has beer aoperatirg tne very success—
ful SPACE CAMP program, which updates high scnool students on
space activities, especially Space Shuttie coerations, and +na
purpose of space missions. The Explorer orogram is interncecs to
provide continued involvemernt in space activities for interssted
campers who have praduated from S5RPRCE CAMP ard ave wow Dac<  :n
school. It was decided that creatinzg arn cpoortunity for ctuderts
to propose, and eventually fly, their own exoeriment ideas 1+
space would be tne best way to accomplish this goal.

It is of creat serefit that ASBRC has nhad & Llovrg-time
working relatiomshio with UAH relativg to Get Away Snecial
missions and their preparatior. The Urniversity has provideo
invaluable assistance in the design, cormstruction, arnd testing o
the successful GAS-2Q7.
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GAS-1e%
UAH was recently awarcec a “"Conscortiam for MPaterials
Development in Space” arcreemewnt from NOGO, Bince rno stusewnt

croaposals by SPACE CAMP attendees were reacy For cowstruction anc
rwstaliatiorn at that time, ASEC offered UAH fthe rext carrister,
G5AS—-1@3, ivi returrn for previouws cooperation on GRE-2E7. It waz
noped  that early flight cpportunities for GRE-IZ2Y would Ireatly
contribute to the basic «riowleage in the area of mpicrogravety
sciences which would be mace availaple to future GPACE IAviers
for new 9roposSals.

The Consortium 15 rnow desigwing a series of micraompraviity
experiments for GAS-I2Y in cooperatiorn witn scientists & =N iy
industrial organizations as GTE Research Laborazories, Celarness

{

R

Research Corporatior, arnd MeDorvell Douzlas fistronaustics
Corporation——runtsvilile Operations. The payicad is, therefora,
of a commercial mature, but the experimental results will bDe usess
i BSPACE CAMP classes. Some SPACE CAME oroposers Will aiso mave

an opporturnity to worx on these exgeriments at o8- curinn  tneir
summer  vacatiorns anmd will thus acouire valuanie experience  ~oo
fFlying tneir own proposals.

These experiments are of particuiar irnterest to (RERL sincs
thney examive anc test physical and chemica: ghernormena i Soace.
They are, therefore, inn comtrast to the [ife sciences—oriente
proposals normally submittee by SPACE CAMPers as a result @
tneir nigh school bDackorouwnds. The GRE-1EAE oroposals are ver
gifficult to perform in thne hichly restricted carmmister . Tl
pavliocad demonsirates that many cifferent soace exoeriments are
possible in the fieics of phnysics and cnemisiry. O5RT  expects
that some of the eguipment being cevelobec will >e useful, wit™
siight modificatior as appropriate, for Follow—or experiments Dy
SRACE CAMPers

b’l‘( h(

GAS-e28

This opacxkage consists of experiments oroposed oy SERCE
CAMPers. Most will utiiize space micropravity for tne study oF
piclogical specimens put one will oe devotec to orystal orowts.
Experiment #1, by Bryar: D. Aprar, will carry fertilizeao insec:t

eggs foor study orn orbit. Comparison tests witnh icentical iife
forms will pe conducted on the oroung under conditions as rearly
similar as possible to those of space. Inrsect egzs have bheen

chnosen because of their availability, ruggedrness, and small size.
Experiment #2, by Jay 5. Andrews, was origimaily slarnmed to stucy
the germinatiorn of Dean seeds i1v micropravity. He 1s considering
a change to racish seeds due to their faster respornse to the
proper growth conditions.

Experiment $#3, developed by Greg 7. Detory will irnvestipgats
tne effect of low gravity on tne growth of yeast. One nalf of 1"5
test tubes will contain samples of yeast that grow mitotically
{1.2., by pbucding)j the other half, samples that orow meioctically
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(i.e., by Droducing spores). The test tubes will contain a

1 3er
optic light source probe and photocell so that the comcerntration
of yeast cellis in solution can be determivec ivn  flioght. The
tuoes will aliso carry small carbon dioxice, oXyger, arna o
SENSOrs. Experiment #4, by Tom P Malorne, 18 a stucy of tne
morphology of & species of ophototropic bpacteria =haln]") SRR !
micraogravity. Flight results will be compared with a comtrol
sampie grown in full Earth ogravity. Colornial mornhology will se
onserved anc recoroec directly in space by means  of &  3%-mm
camera. Ingivigual and small-group morpholocy wili he obDeerved

anra  recorded urider the microscope orce the bacieria =ave beer
orought pack tao Zartnh

Experiment #35, orepared by Jawahar Nayaxk, will drocuce T e
antibioctic streptomycir. Incubation of the orcanism will occcour
it liguid mecia for 48 hours. A sterile envirorment arc &
temperature of 25 degrees C will be maintairec For optimus
oraowth. The cutput of streptomycin is to oe combared witn tT-as
for samples grown simiiariy on the pround. Exoeriment #6, Sy
Seth A. Watkins will study the growtn of siliconm anc/or galliium
arsenide corystals in space arnd their production noterntial.

Consideration is also beirg giver to a reflight of Jomat-arn
Leels OGAS-ER7 crystal orowth experiment 1n  orcer T ootair
results uwnder more & closely controliec thermal environment.
Several minor changes would be ircorporated toward this ewnd a3V
Raymond Cronise inm cooperation with Lee.

The Marshall Amateur Radio Club will again orovige an S8R
pattery as a power source for all experiments anc will  arvan:
for all data acguisition anc maragemert Ffunctions, a5z
experimental reguiremernts will be intepgrared with MARC-Furnis-e
eguipment by local members of thne L-5 Scciety. This sunport
RSRC is orovideo unger tne tecnnical direction of Jarn Bi:veoet,
formerly a representative of the Eurcpean Space Agerncy ard  wow
employed by URAH and working for tne Cowmsortiun. Tnis activity is
an excellent examnle of bDroac citizew irnvolvemert in future ssace
cevelopments and will leacg to better understancing of asscociatec
problems as well as potential berefits to ali manmind.

el
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