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Abslract

lhIe to the stll inking NASA bLIdp,ct,  futulc scientific sp:icc-
cIafI pIog,raI~Is  will be. {it iven by thcit “life- cycle” cost,
‘1’llis cost fip,uic. which includes devclof)llwnt, integration,
launch. and qleration,  can be reduced by nlaking space-
I.I :11’[ sIIIallcI anti lnOIc autormnous. SUCII IIlillialure  sl]:ice-
c’tai’t  allow the launch c)f sevel:il  Inictm}mcecr:ifl on a
single  Iauncll  vehicle or IIle launch of a single r[liclospacc-
cl aft a’i a “pi~gy-back” r ider  on tol~ a Jmiri]ary  Imyload.
Altlmgb each of these srnrrll  spacecr:ift  will not bc. capable
of conducting the (Iivclsificd science that is accomplished
by SUCII g,mnd vcbicles as VOy;iger and Cassirli, a gIOup of
[Ilicrosll:lcecr:ift  can conduct a composite of rrlany different
kinds of valulib]c science missions a$ well m dance
ovetall rrlission relia[]ility.

I’bc rncthd)logy  used in the design of rllicrc)s[~zlcecraft is
different than that which is used for traditimat  planetary
spacccr  af(. “1’l]is design approach involves ttm incorpora-
tion 01 advancd  rniniaturiz.ing  tcctlndogie.s as well as the
rlmlification of the systcm arc}]  itccturc  so that it can sup-
per I Itw desired small rl]ass and sire. l’tvs pro.grcss in ririn-
iatul iza(ion  is evolutionary: size can be reduced frort]  one
design to tbc. next by further modifying the. systm archi -
lcctutc and incorlmrating cvc.n more acivanced te.chnolo-
~,ies. ‘l’Iris }mpcr will cover Ihc specific aI)pImachcs used irl
the cv{)lutional  y rninialurization  process as well as ttrc
adva  IIccd tcchnologicx ncded to build a rniniaturc space-
craft dcsi~llcd to accomplish an astcmid flyby mission. A
conceljt for a 3kg, micmspacecraft  and an associatd Iaunc}l
stratep,y atc }~rcscntrxl.
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“1’oday’s  })lanetaly  spacecraft (Voyager, [ialilco,  [’ass  illi)
caIIy marry instlurnents on-board at]d corduct  rrmny scicn -
tilic cxlx’Iirtlents al Ihcir  destirmtion. Bccausc of this, they
are considerc.  d t o d a y  as bcavy, lJ[)\ver-clclrl:tl](lillg, and
corllplrx. <qualification Icsts  for their parls arid subsyslcrtls
were long, arid expensive, adclirlg to an already long (icvcl -
[)plllent tilne and tligh costs. ‘1’hc reccllt 10ss of the Mats
obsctlcr l)rt)u~tlt to attention (yet again) the risk of plac-
irl~ Iarye rcsourccs into a sirlgle, complex spacecraft, This

unforturlate setback has increased the sul)~wr[ for srrmlter,
rr~orc focused missions. With the shrink irlg. NASA bud~ct,
scientists atld cn.ginccrs arc looking at ways of’ conducting
valuable planetary science for less. Srnallcr spacecr:ift are
e.xlmctcd to do jusl that, Ttle. vision is that of rlricro scale
vdliclcs  tlrat will weigh orders of rna~nitude less tlmn cu-
tcrrt spacccral’t,  consutnc far less lwwcr, evolve frorlr corl-
cq]t to Iaurlcb in less tirlle and for less rnoncy, aId still
suppm 1 focused worl(i-class  science investigations.

‘1’hc  ulain rationale. for desig, nirrg  and building smaller
spacecraft is ttm need to lower total project costs, Smaller
sp:lcccr:lf t can bc launched  ~)rl slnallc.r launch vehicles
(1 Ys) which cost much less than heavy orlcs. Iivcn srllaller
sp;icccraft can bc Iaunctd as “piggy-back” riders cm I Ys
for other missions when mass rnargir~s are available, or [is
multiple. spacccr:ift Iaunchd  on a single I Y, thus r-cachins
more than a single ta[get or conducting scicncc tlmt can
only bc accomplished by rnultiplc views of a single object.
in addition, sIllallcr  spacecraft allow for greater up~~er
stap,cs within a given launch vchiclc envelope, thus allmv-
in~ higkr  launch energies and enahlin~ slrm tcr cruise
phases for missions to far targets.

There are sevmal other factors ttrat nlakc srnallcr  spacecraft
less c.xpcnsivc. COrnpact  spacecraft require slllaller irrte-
gration and lcsl facilities. Sm:iller spacecraft generally str]b
por[ silll[)lcr  rllissions am] a l l o w  f o r  sirl]i)ler systctn
architectures wtlich nlay Ie:id to lower  OIwrati Ons Costs On
ttlc othel hand, these. vehicles require advaIIced  tcchnolo-
g,ics which incur hi~h dcveloprrlcnt costs. Many would
requite rllorc expensive matlufacturing  and qualification
tecbniqucs.  }Imvcvcr, as the usc of ar]d dcrrland  for these
tcchnolo~ics  increase, ttrcsc costs can tw arnor lized over
rllulti])lc uses.

lhickground  and Approach

i n  the l a te  1980s,  t}le 1’e.ga\Us  Iaurrch vctliclc  was iritrw
duced.  Alttmu~h it did not fty untit ] ~~(),  it brou~tll  about
an intc[cst in srrlaller spacecraft that cOLIld  be launctd  for
]oiver cost. in 1990, a J1’I. study called the l’cpa\us-
Iaurwtrcd Near l;.arfh Asteroid l:lyby (} ’N IIA1) [ I ] i[ltrc)-
duced a dcsiglt for a sf)acecr:ift  that could condurt dccjI
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