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NASA/Jet I’repulsion I.ahora(ory  is designing a rclurn
mission to [hc Vcnusian a(mosphcrc using a rcvcrsiblc
fluid alliludc control balloon called Ilalloon I~xpcrinmll
a( Venus (B Ii V). 131i V is a proposed NASA fligll(
cxpcrirncn[ (o dcmonstra[c  key technologies for the
opcralion of ndvanccd  balloons in the a(mosphcrc of
Venus. This paper includes both the mission profile
anti syslcm description of lhc proposed BEV concept.
The selection :in(i [hcrmodynamic  moclcling of the
rcvcrsiblc  f l u i d  al(iludc  con[rol tcchniquc  is  not
discussed.

IILntorhrc!ioI!

l’]anctary  exploration is not Iimilcd 10 orbit ing
spacccraf(  and surfmc landing cicviccs. I’hc usc of free
fioa(ing iMlirmns i~as and wili provide cxccilcnt scicncc
piatfor[ns for planetary investigations. in 1985, two
balioons were cicpioyc(i into the atmospi~crc of Venus
on [hc Sovicl-I;rcnci]  -U.S. VI~CTA baiicron cxpcrimcnt.
These balioons  were ti~c first ever piaccd into the
a(mospilcrc  of anolhcr  plancl.  Tile VliGA bailoons
opcratc(i for aimut 2 (iays at an aititudc of 54 kilometers
urrtii their batteries wctc dcplctcd. IXrring this period of
time vaiuabic n]clcorologicai  data were coilcctcd by on-
board sensors and Iiar[il based radio tracking. A far
term goai for advanced baiioon [cchnology  at Venus is
the dcvclopmcnt  ot’ the Venus I’lycr Robo[ (VI:R).
VEX is a (cicrobo[ic  i)aiioon wilich Ilics and navigates
in the Venus atmosphere 10 scicn(ifically  interesting
landing sites. VI:l{ wiii cicsccnd  to (ilc i~ot surface to
m a k e  sirnplc  gcochclnical ancl rcnlotc  s e n s i n g
mcasurcmcnts  and (ilcn quickiy ascend [o tile cooier
upper atnmphcrc.

The  harsi]  Venus  a(mosphcrc  has prcvcn(cd  any
intensive exploration of the surface and deep
atrnosphcrc.  Ti]c mostiy C02 atmosphere at the surface
is about 460” C a( a pressure of about 92 bars.
Convcntionai  clcc(ronics  systems have i~rcrbicnls
operating at ti~csc cxwcmc conditions. III contrast, at 60
km ai(itu(ic Iilc tcmpcra(urc is - 10“ C ancl at a pressure
of oIlly  0.2 ixll”s. ‘1’l)c dense Venus atmosphere is a
idczii cnvironn~cnt for flying baiioons. Onc feature of
ti]is ti~ick Venus a[[t)os])hcrc  is i[s opacity in visible
wavcicngIiIs.  ‘ll~is prcciu(ics  surlacc imaging in visible
wavelengths aimvc a [kw kiiomckm  al[i(ucie. IIowcvcr,
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allitudc  c o n t r o l  balloons” coal(i dip i o w  into lhc
atrnosphcrc  an(i i]nugc t h e  surfaic at n e a r  11{
Wavcicllglils  ( 1 pm).

The Jc[ Propulsion I.almratory has ~)cgun  pianning a
baiioon tcci~noiogy  ficmons[ralion  callcrl B:il}oon
Expcrirllcnt at V e n u s  (II IiV). IIIIV  dcvciopmcnt  is
pat terned af[cr J1’1.’s MaIs Micro[ovcr  tccilnology
demonstration wi]icil  is sciIcciulc(i to fiy C)I1 ti~c 1996
Mars Pathfinder mission. I,ikc [hc microrovcr,  BEV
couid br carried, piggyback-s[yic, to Venus on ano[hcr
planneci mission. I’his study ilas shown lilat ItIiV is
compatible with and coui(i i~c carric(i to Venus on an
early Discovery mission, with a Iaunci} as early as 1999.

The BIcV concept is to fly a smail,  single baiioon
systcm which LISCS ret’ctsiblc fiuid aititudc  control
tcchniqacs].  The aiti[ll(ic  contIoi tcchniquc is a sirnplc
concept which uses ti]c ii(iuicl-vaimr rcvcrsiblc  i)hasc
change of buoyancy ilui(is tc~ controi  payload altiludc.
As the IIEV balloon sys(c]n  sinks (iccpcr  into tile hot
Vcnusian  atmosphere [ile fiuici mixture i~cgins to
vaporize inside tile t)aiioon, producing a positive
buoyancy, and tile i~alloon  i)cgins  to rise. This action
reverses when the balloon systcm rises iligi~cr into the
cooler almospilcrc. “t’tlc I]lix(urc condenses, prociucing
a negative buoyancy, and {hc balloon begins LO fail.
Stable oscillations, taking on the order of a fcw hours,
can occur at favorable alti[u(ic  Irangcs  near 50 krn
ai[itude. .Scvcrai  candida{c  rcvcrsib]c  fiuid aa(i buoyant
gas co]llbinations  a[c available, wa[cl- and al]]nlonia
being ti]c curren[ rcfcrcllcc.

BEV v,ili provide a  s ignif icant  acivancc in the
understanding of [cchnologics for ti)c Venus robotic
bailoons whicil cou]ci ica(i ciircctly m and enable the
design and tcstirlg at Vc.nus of a V1;R prototype systcm.
TiIc key technologies whici] wiil bc demonstrated in
BEV ale 1 ) the VCI  ifica[ion and cilaractcrization  of
altitude control corrccpts 2) iigillwcight  balloon
dcploylnent  3) i~igb strcngtil,  l i g h t w e i g h t  baiioon
envelope dcsigll, 4) tile testing of balioon navigation
concepts, 5) power gcncra(ion  in Venus cioucis and 6) a
high alti(udc surface tqwgl  api]y Inapping cxpcrimcn[.

I\]~}(V~y&fcn~  l<c.qr!i rxmcnts

II) ordcl (o accomm(xiatc a iacgc scicc[ioa
dclivc[y  spaccciaf(, (hc Ill~V systctn
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constrained to bc a small, lightwcighl,  Self-con(aincd
Venus cnlry vchiclc, with a minimum inlcrfcrcncc with
the delivery spacccmf(.  Ilccausc of these self-conlaincd
nm-inlcl-fcring conslrainls, tbc 13EV syslcm is required
(0 bc able [0 supporl coll]l]llltlicalior]s clircc[ [0 l~al-th,
An additional mission constraint is that (here hc no
designed lifc(imc limitations of lbc syslcm allhough
Icakagc  of buoyancy gases or batlcry  failure or
dcplc(icrn arc likely potcn[ial Ii fctimc limilcrs.

l’hc a(mosphcric entry dyaanlics  and conditions drive
rcquircmcnts  on lhc sys(cm and mission clcsign. The
BliV sys[cm will bc designed 10 accommoda(c entry
angles up to 70°. ‘J’his  corresponds to maximum axial
dccclcration loads of 500 g’s.

1 n ot-dcr (o ob(ain surface topography navigation da[a in
(hc optical l-angc, the BEV balloon systcm is required to
dip below Ihc Venusian cloud Iaycr during part of each
oscillation. The cloud Iaycr extends down (o 47 km
al(i[udc.  l’hc anlmonia-wa(cr  buoyancy syslcm will
provide s[ablc oscillations between approximately 40
and 60 km al(i(udc.  l’hc tcmpcraturc  and pressure :it
(hcsc al[i[udcs  arc; at 60 km, -10° ~ an(i 0,2 bar; at 40

2 lhc solar flux in the cloLIdkm, + 143° ~, and 3.4 bar .
Iaycr is cs(ima[cd  (0 bc ahoul 40 W/n12 (3).

Mission Design

I’hc primary missions goals arc to 1 ) observe a fcw
b a l l o o n  al[itudc osci l la t ions,  2)  relurn  in-si(u
atmospheric data including temperature, pressure, an(l
wind direction, and 3) rciurn optical navigation data of
(IIC VcnLIs surlacc from 1>C1OW the clouds. The primary
mission goals must bc achievable using only a fully-
chargcd  secondary baltcry  available at entry. If
adcqua[c  solar energy is available and reasonable
clcc[rical  energy can bc produced at tbc tcmpcraturcs in
Ihc clou(is, continocd operation of the balloon sys(cm  is
cxpcc(cd.

‘Ilrcc  sets of data will bc obtained and rctorncd  to Earlh
by the J31~V balloon systcm: 1 ) ambient atmospheric
tcmpcraturc and pressure, 2) balloon sysIcnl
cnginccring data, and 3) optical  navigation
topographical data of the Vcnusian sulfacc.  Balloon
positioning, on (}]c side of Venus facing the. I{ar(h, will
bc dc(crmincd usin VLBI radiomc[ric data siruiltir  (o

$the VI;GA balloons

lkrlh-Venus cruise operations arc limited by carrier
spacecraft interfaces and will include only such
minimal activities as systcn]  check and bat[cry  (o]]-
off/c(~r]clitiO1~ir~g.”  Venus atmosphere opcra[ions al-c
Iimi(cd  to data collcc(ion and processing. I’bc balloon
sys(crn  will not require and will not bc able to rcccivc

commands during (he mission. l’hc Iiar[h-basccl
trackinr covcragc  will l)c dctcrmincd and ncgotia(cd  as
part of Ihc mission planning process.

Aticr a quicsccrl[  cruise pcrio(i  of roughly 4 months, the
25 kg REV cntly systcnl  will bc placed into (I]c
Vcnusi:in  atmosphere and dccclcratc  in lCSS (ban a
minute from a typical entry SJ>CCd  of I 1 kn]/scc  (o
subsonic velocities. l’hc entry and dcployrncnt
scqucn(.c is shown in liigurc 1. The times, altitrrdcs,
ancl accelerations :irc bascci on (hc Pioneer-Venus
acroshcll  cicsi~ns, adjus[cd  f o r  t h e  BI~V  systcm
[marnc[crs.

The 111 V gondola and balloon arc protcctcd during tbc
entry phase by an ab]ativc  acrosbcll and aft cover. AL
a b o u t  70 kilornctcrs  a l t i t ude ,  after t h e  p e a k
accclc! :I(ions arc over, I]yro(cchnic  dcviccs arc tlrcd and
lhc at[ cover is rclcascd. ‘1’hc cover acls as a droguc
pamchll[c, pulling (lIC t,alloon cnvclopc away from the
gondol:{  anti acloshcll. As (11c balloon gasses begin to
inflate duc [0 [hc incrwsing  atmospheric tcmpcraturc,
drtig will incrcasc  and the acroshc]l  will fall away from
the gollclola. ‘1’hc aft cover is scparatccl  from the
ballootj cnvclopc by a [imcd command initiated by tin
accclm<~ (ion swi(ch. I’tlc balloon sys[cm will continue
(o in fl:[tc and reach full positive buoyancy as the
balloo], dcsccnds to 40 kilometers altituclc. At this
point, [hc balloon will rise and begin free-flight
oscillations.

Ilnginccring, data will bc collcctcd  periodically during
the  cicsccnt throug,h  lhc upper  atrnosphcrc. Data
collcc[ion will bc .govcrncd by a tirncr initiated by
scpara[ ion fronl  the delivery spacecraft. Atmospheric
tcmpcl ,iturc ancl pressure mcasurcmcnts  will bc taken
after (tic aft cover scpar”atcs from the acroshcll. As the
ba[loo]l  approaches  r]linimum altitude, the BEV
Navigation Op(ical  Sensor Experiment (NOS13)  will
acquirr  a series of frames of the Vcnusian  surface
below (hc balloon. Most of these frarncs  will bc Iossy
compr~sscd  before recording. Onc of the topography
frarncs will bc kcpl at higbcst resolution for rc(urn to
I:al”th.

In order 10 meet the requirement that all of the mission
goals IIC mc[ on a single charge of the secondary
battery, BIiV will bc~?,in sending back the cng,inccring
and atmospheric data shortly after the aft cover is
jcttiso]iccl. lhc first set of high resolution NOS1-l  data
will bc sent back to Iiarlh at the peak of the first
oscillation. hforc  clctails of data acquisition and rc(u[-n
arc discrrsscd  below iIt the Extended Float section.
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Entry at 200 km— .
Q
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Acceleration 70-80km %

Aft Cover (Drogue Chute)
Deployment— .

Balloon Deployment 60-70 km b

BEV Entry Sequence

Q

Aft Cover Jettison 60-70 km—

Baiioon Inflation 60-70 km Minimum Altitude 40 km
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Figure 1. BIIV Entry and I)eploylncnt  Sequence

Iix(cndcd 13aliocsr 1 J:ioat

Ike-flight circumnavigation of Venus (I%sl  to Wcsl) in
(1)c high aiti(udc winds is cxpcc[cd  to [akc about 8 I;ar[h
days. This is cicfined as onc “orbit” of VcnLIs by lhe
balloon systcnl, The IIEV balioon sys(cm will oscillate
bctwccn 40 anti 60 kilometers in al(i[udc. A single
al(i(udc cycle is estimated to lake approxima[cly  6
hours, witi] 2/3 of the time spcnl ascending at a rate of
i.4 nl/s and 1/3 of lbc tirnc descending a( a ra[c of 2.8
n~/s. This oscillation pattern is illustra(cd  in IJigurc 2.

A typical cx(cndcd  mission profi]c  consists of
continuously collecting atmospbcric  environment and
cnginccring data at a rate of onc measurement SC( every
10 minutes (20 mcasurcmcnts,  R-bit winds) and storing
ti]csc data for later playback when in view of ilarth,

Iwo types of navigation data will bc acquired during
the mission. At least once I)cr i)lancmy  olbi(, a high
rcsolu(ion image of the surface will i)c taken near
nlinimum aitiluctc. Tbcsc high I-csolution data arc

proccsscd and slorcd for later transmission to I;artb.
The second type of navigation data is a scqucncc of
ovcl lap])ing optical navigation frames which will bc
collcctc[i during tile downwarci  low-ai[itudc  i>ar[s of
some cycles. Each franlc  of optical navigation data wili
bc corlcla[cd  with the previous frame [o cictct-mine
rcla(ive surface motion. Each frame wili bc highly
compressed for transJllission to I~artb. ~’hC. ] ~lJll
wavclcr]gth N O S E  data wiii S11OW  fca[urcs OJ] (ilc
surface as regions of varying tcmpcralurc,  Since the
surface lcmpcraturc variation is about 10 C from i-mlc (o
cquato],  the tcm cratore  va r i a t i ons  wiil rcprcscnt
altitude variations~, thus this data S C( wiil rcscmhlc
topogra])hy  maps. Gound processing of the NOS1l
data s~~atils will allow the BFIV data sets to bc
compared to the NASA Magci]an  si>acccraft  J“lldar
allimctry toi>ogmphy  data, A corrcla(ion  of the two
ciata SCLS will bc used [o Iocatc the BIiV da[a on [I)c
Magcllan  VcnuS map and thereby dc[crminc [hc bal I()()J)
iocation and direction of travel. These inuigcs \vill bc
used to demonstrate optical navigation tccbni(iucs  !01 a
future VCJ)US I:lycr Robot.
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Atmospheric/ N a v i g a t i o n
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Engineering data -
(5 min duration) (1 hr duration) ~ h Altitude = 60 km

u Target
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l-- — — — . . = 40 kmTake Optical

Navigation
Data

one  altitude cycle = 6 hrs “
—- ——. -— ——— .-.

Acquire atmosfhcr{c and en{ywermg data every 10 minutes

Arquire 50-70 frames of optical Nawgation surface height data per orbit

. Return stored data every 2’ hours

Acq,  irre 1 higt)  resolution surfac[! topography image per otiit

Relum I)i. rus  optical data durirIg  1 hour period each orbit

Figure 2. BEV Altitude Cycle Dynamics with Data Acquisition and Return Strategy

Using a low power S-band transmitter and a ncar-
hcmisphcrical  coverage antenna, BEV will bc able 10
transmit data direct to Iiarth rcccivcrs for just under half
of’ cacb orbi[, as shown in Figure 3. The simp]c
onhoard  scqucncc for each orbil is rcfcrcnced to the
sunrise and sunsc[ (crmina(ors.  If lifc[imc  extends more
[ban a fcw days beyond entry, onboard algorithms will
adius[ tclcco]]]illllr~ica(ic>r~s da(a ra(cs and timing in. . .
order to accoun( for the varying F.ar(h/Venus geometry.
I)a[a ra(c a( mission s[art is 30 bits/s. IIEV wil l
con~potc [hc da[a return period based on observed
sunrise and sunset til]]cs  and s(orcd knowledge of the
da(c and l{arlh-Venus planclary  geometry. ‘1’hc
ohscrvcd [inlc hc[wccn  sunrise and sunsc(  will allow
lll;V  [o correct (IIC orbi[  period, thus removing errors
asst)cia(ed with [hc val-iab]c  wind velocity.

IJa[a  II ansmissions arc of (WO types. A periodic burst
mode consists of 5 minu(c transmissions every 2 hours
when ill view of the Ii:ir(h. This mode includes about
140 seconds of previously s[orcd atmospheric,
cn.ginccr ing, and NOSIl  [opography data and about 160
seconds of VI,131 tones for posi(ion location. A once-
per-orbi(  sustained Inodc  consists of a continuous 1
hour []:lnsmission  cluling which the high resolution
NOSI1  (Ia[a arc rc(u] ncci to }larth, The data collcc[ion
and [r:i!lsmi( duratior]s arc dc[cl-mined by the available
ba[lcry power. The 1 -houl NOSE data transmission
will bc able to rc(um :[n en(irc fratnc of ciata if the
pl:lnncd 1 ():1 Iosslcss col)]prcssion ratio is achicvcd.
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1~igure3. BEV

BEV Svstetn l)csign

Planetary Rotatioa and l)ata Rettrra Cycles

Thcdmigllof (hc BI;V systcm was influcncccl by the
many pbascs  of the mission; launch, cruise, entry,
dcploylllcnt, il~flatiot~, a~~dr~orl]~al oI>cra(ic~Il.  ThcllI;V
cruise andcntry  systcln Waspat(crncd aflcrlhc I’ionccr

5 design.Venus Mission- T h c  10P ICVCI SYS(CIN
rcquircmcnts for lhc D13V lnission  arc the following:

Mass <25 Kg
Volume < 24,000 cc (cncloscd in a modified l’ioncct
Venus acroshcll)
lUcckonic LifctinlcatVcnus>  I week
I’cmpcraturc Range

Cruise: -40 to 70 “~
Atmosphere: -10 to 40 ‘(2

Iin(ry  Accclcration 1.oads
I’rcdiclcci:  500 g’s
Qualification: 700 g’s

I )ata  I{atc
30 bitslscc

t{cliability
Single siring

B1{V I%obc S(OWCCI  Configuration—-—— ———— .

The sysiem requirements for this balloon rnissiorr  are
very coms[raining  in both mass and volume. ~]rcat
cfforl has been placccl on coming up with the bare
minimuln  entry, clcclronic, and struc[trrc configuration.
This effort has been combined with tbc design
philosophy of “simp]cr  is bc((cr”  to pro(iucc  the cur-rent
syslcm design. l’hc R13V strrwcci  configuration is
shown it) l:igurc 4.

The scaled I’ionecr Venus small probe acroshc]l,
iocrilcd at the bottom of the figure, provi{ics entry
stability and probe dccclcration  to subsonic spcc(is.
The 8 kg t i tanium aclosilcll  must withs(an~i  cn(ry
heating and large entry loads (500 g’s). However-, the
B1iV ixx~bc only requires its usc to (hc altitucic of 60
km. AII aluminum bascci acrcsshcli woui(i provide
sufficient strcng(h  and thcrrnal protection for lilt llI~V
rnissior]  and woulci have onc hall’ the mass of (I1c
(i[aniun)  equivalent. IIowcvcr, i( was (icci(icd to remain
with tile Iilaniurn acros}lcii  for its i)rovcn  cnll-y s[rcngtl]
and hcri[agc. If mass bccolncs an issue as (I]c  (icsign
matures, an aiuminunl  acrosi)cil coutci hc implclncrltc~i
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]ijg,,rc  4. I]~\~ stow,cd configuration

I’hc ali cover conlains tbc balloon sy.stcm during launch boilin~ poin[ l-cvcrsiblc lluids’.  The two fluids used for
and in{crplanctary  cxuisc, and assists in balloon the 1]1 V mission arc ammonia and water. The water,
cnvclopc dcploymcn(.  After separation it also proviclcs approxima[cly  2,784 cc, is storccl inside the balloon in
additional dIag and slowing of (1)c balloon system. The [hc stowed con fig,ura[ion.  l’hc balloon material is a film
top polar section of Ihc balloon cnvclopc is attached to maclc {)1 l’~>lyt~ci]~~lxii~.olc  (1’110). This ncw ma(crial
the oppcI inside of the :ifl cover. A three section ring, has been chosen hccau$c of its ability to withstand the
called a V-band, is the mechanism that attaches both the harsh VcnLls atn]osphcrc all the way to the surface7.
111 iV pt obc to the cawicr spacccraf(.  and tbc acroshell  to ‘1’hc alnmonia is s[orcd  scpara(c]y  in a scaled toroidal
[hc af[ cover.

A s  (Iiscusscd  callicr,  (11c
a(n]ospl)crc  opera lion is

(ank. ‘1’hc tank has a bu[sl value that activates during
Venus a[mosphctic hca[ing, allowing the ammonia and

kcy (o long duration, clccp wa[cr 10 mix inside Ihc balloon.
altitude control using low
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l’hc balloon Iiln],  :ilnmoniri tank, and tclhcring cables
arc packed above (hc gondola into the aft cover. l’hc
ammonia lank rc. s[s on a rubber ring designed to help
dis(rihu[c  the load radially around (I1c solar array panel
to pro(ccl it on cnlry. The antenna si(s  in the ccntcr
cutout of lhc toroi(krl tank.

~?kyn)cnt  Svslcnl

‘flc acroshcll,  all cover, and V-band arc held in place
by (brcc explosive bolts, with (hrcc springs providing a
separation lorcc. These bolts ancl springs arc al[crnatcly
and cqaa]ly  spaced around the pcrimc(cr’  of (hc
acloshcli. Above ttlc scpara (ion dcviccs,  a rwbbcr guide

ring is used 10 ccn(cr lhc gondola within [he :icrosllc!l
and 10 separate the explosives from [he balloon film.

[llring cnlry, an acceleration rncasurcrncnl  sys(cm will
dc(cc( peak entry loads - a shor[  time later the explosive
bol[ sys(crn  will bc electrically cxci(cct. This in turn
w’il]  alIow tlIc spring sys[cm  to scpara[c (hc aft cover
from tbc V-13and  and acrosbcll, The V-band scgmcn(s
into lhrcc parts anct falls away. Once separated, (I1C af(
cover quickly slows relative [0 lhc acrosbcll and in (IIC
process cx(cnds  (I]c stowcct compac(  balloon cnvclopc,
As discussed earlier (I1c ammonia tank valve rup(urcs
:ind (I]c balloon begins 10 in ftatc.

As the balloon dcsccnds to tbc surface, more and rnorc
of the ammonia vaporizes, and the balloon sys(cm
acbicvcs  enough lift  to begin ascending. The
evaporation process takes place as (IIC fluid mix[urc
(1120 +- Nll~)  SCUICS into (hc ammonia tank, which acts
as iin cfflclcnt  heat cxchangcr.  The ballogn in its
deployed configuration is shown in Figure 5.

l“hc ovcral[ shape of lhc gondola is pr-irnari[y driven by
the shape of the acrcrshcll  and cons(raincct  by the
volurnc and surface area rcquircmcnts. I’bc Iowcr
gonciola surface s[ructurc has a large con[act area with
the acroshcll.  This rcduccs compressive slrcss on the
structure during cnlry. The upper gonclola  surface area
must bc as Iargc as possible to accommodate solar
panels. The wall thickness defines the amount of
[hcrmal  hca[ing  cxpcricnccd  b y  t h e  clcc(ronics.
Addilional]y,  lhc internal volume must bc sufficicn(  for
sensors and electronics. The structure and insolation
design n)Llst provide (hcrmal  isolated, but also bc very
thin. This series of conflicting design rcquircmcnts,
con~bincd with the high entry acceleration loads, makes
(I)c s[ructurc,  insolation, and thermal design (radcs  very
difficul(.

—- —

6.5 m

— .

Water Balloon

A m m o n i a T a n k

5 m
I

— i - - - — . A“G o n d o l a
Not To Scale -

Figure 5. llltV System deployed

“1’hc inr)cr gondola  s[ruc(urc  houses the clcc(ronics and
(I1c ba{tcrics.  A top cutaway drawing of the gondola is
shown in I;igurc  6. ‘1’o  provide minimum packing
volume, [hc bat[crics  arc arranged horizontally. They
rest on an aluminum isogr-id structure which in turn is
fixed to (hc inner VC.SSCI’S  skin. The isogrid mounting
plates arc supportcxl by a central supporl  post,

The  lhcrmal systcrn rcquircmcnts  crcatcd onc to [hc
most challenging dcsi~n tasks. The thermal issues are
linked back to lhc ncc(t for reversible fluids. An
electronic package placed deep into the Venus
atrnosptlcrc  would not last very long duc to the cxtrcrnc
thcrrnal  cnvironrncnl, ‘1’hc BEV systcrn  SOIVCS [ h i s
problcl])  by rc(urnin:, [o a cooler altitude each cycle. A
modct  of the [hcrll~al c y c l e  s h o w i n g  t y p i c a l
lcmpcr J[urcs of the gondola’s interior and exterior
surf;icc<, is shown in };igurc 7.

.,
I
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Figure 6 Top cut-away of gondola

I’hc thcrnlal  structure contains a rcflux heat pipe which
allows hca[ (o cscapc during the upward cycle, but dots
no[ allow heat into the in{crior during the downward
Cycle. ‘illis capability can bc observed in Figure 7.
(hcc (he hca[ pipe “[urns on” during (1]c upward cycle
lhc in(crior  IOI1OWS the a(mosphcric  lcmpcrahrre.

l’hc combined insulation and s[ruc[ural  material
sclcc(ion for (I]c  gondola was ci]-ivcn by entry ioads and

thermal J>ropcr[ics. I’hc abiii{y to forln a compatible
shape with tile acroshrll was also a consideration. The
cxacl I]la[crial is slill being rcscarchcd, but a siiiccm or
alumina foal]] insulation arc likely candida[cs. They
h a v e  low lhcl II)ZII  coll(iuctancc an(i Icla(ivciy  iligh
comptcssivc  s[rcngllls. A sbcct  of  a luminum
surloull(iing lhr insulation aiong (hc vcrticai c(igc hcips
carry colnprcssivc Ioa(is al]d prwvi(ics a fi:i( moun[ing
area I’()[ lhc Solal’  Ceil SLI[)SII”:IIC.
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Figure 7 Thermal cycle curves showing the interior
(electronics) and cwtcrior  (outside skin of insulation)
tcmpcraturcs  as a function of altitodc.  The graph
also shows atmospheric tcmpcraturc vs. altitude.

The construction of the gondola is not an easily
dismisscct issue. Tbc lower portion of tbc gondola is a
complex shape, including (I)c prcscncc of the heat pipe.
l’he internal struc[urc, just inside (hc insulation, must

also bc designed to carry the 500g en[ry loads. ‘Ilis
internal skin has been separated into (WO sections, [hc
lid and boc{y. Ilccausc o f  t he  sma l l  diarnctcr
cylindrical shape of [hc bociy,  a thin 1.14 mm aluminum
skin was Sufficicnl.  ‘1’hC  lid has a Srlla]i  curvature and
thus requires a tbickncss of 2.54 mm of aluminum. The
lid is a((acbcd to the body using screws through the
flanges along the sicfcs. Ovcr this entire suwcturc  a 16-
siclcd substrate of solar panc]s  is placed. Everything is
constructed in a manner which allows clcc(ronic
components to bc swapped out af(cr assembly if
nccdcd.

The IIJ3V systcm requires a total mass Icss than 25 kg.
The current design mass of the B1;V probe breaks down
as follows:

This Icavcs a mass ]nargin  of approximately 1 1%.
llowcvcr,  this rr]argin could bc doubled if lhc acroshcll
was mitnufacturcd froili aluminum, as sta[cd earlier.
T h e  vtl]unlc margin  i s  o n l y  a  slight]y  bc[(cr,
approxitna(cly  20%. rlOdl of these margins arc nanow
for [his phase of the design and require more dctai]cd
analysis.

]’owct- (;cncration——..——

The incoming sola[
clouds to the point

energy is sca(tcrcd by [hc Venus
of being ncar]y omni-dircc(ional.

‘1’bcl cfol c, all “surfaces 01 [fit gon(iola can be used 10
mount  solar  CCIIS. “1’hc VCIIUS  i n so l a t i on  i s
approxillmbdy 40 W/m2.  “1’his is compared wilt] 1400”
W/rn2 a( Earl}].

The solar panels cover the upper surface and vcr[ica]
surfaces of the gondola, but not the lower curved
surface. l’his is shown in I~igurc 8. The Iowcr surF~cc
is not used because of-t}]c high probability of breaking
[hc fla( solar cells during entry. Around (bc vcr[ical
surface of the cylin(irical portion of the gondola is a
second SC[ of so]arpancls  which clcploy by falling away
find down from the gondola on simple hinges. The
solar CCIIS  arc high-tcrnpcraturc CJaAs with a [hickncss
of only 0.14 mm. T}lc solar panels cover a 0.27 n]2
surface area. The I,iTiS2 ba((crics have a 90 Whr
capaci(y and are rc-charged during the 4 ILar(b  day
sunlit period of each Venus orbit. l’flc ba([crics  arc
used forllcak  power supplcnlcnt during communication
with the ]iarlh and for primary power during the night
period of each orbit.

Gondola

I

(Some Solar Panels
Omitted for Clarity)

\

Balloon syslcm 2,095 g
Gondola 5,365 g
Rcvcrsiblc  fluid 5,010 g
Entry & I)cployn]cn( 10,531 g

I~igurc 8. Solar panels cover upper surfaces, with
additional dcployn~cnt skirt folding out after balloon
separation].

Total : 22,531 g
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Dil(a. Cot]ll]]~]t]ic:ttillt]s.&  Compulcr Sy&t.slU

The IIIiV sys(cn]  includes an S-band [ransmi[tcr  with a
transmission data Ei(c of ~(i bits/second. I\ccausc  the
lll~V sys[c]n will  nol inclodc a rcccivcr,  the systcm
must bc autonomous. ~ncc  i[ is asscmbtcci  for launch,
there wiii bc no way of uixlating or changing any of
I] IiV’s on-hoar(i programs. lmagc  cai>turc,  power
{iistribulion, hal[cry charging, environmental (ia(a
coiicc[ion,  anti col]]l]~tl]~ica[io]]s  arc aii performed by
ti~c (m-hoard imccssol-.

I’bc llliV computer  sys(cm  is bascci on tbc 80C85
rl]icr(~i>r(~ccssor. ‘i’i]is i)roccssor has been frown on
many different missions and wiii bc flown on the Mars
l’atllfil](lcr  Micrc)rovcrM  issiol~i]~” i996. This processor
i]as very mo(icst computational powcrcomparcd  with
mo(icrn pr-occssors, bu( i[s 0.33 MIPS provide ampic
computing horsci~owcr for [his mission. Thccomputcr
has i6KI<OManCi 32 Ki{AM  on-board. The on-board
I{ OMan(il<AM  wiil bcusc(i  fors(oragc  andcxccution
01 lhc col”c plogr’alns. An aciciitionai mass mcrnory
consists of i 28K liilf’l{OM and 512K RAM. The
i{liI’I<OM  wiil be u s e d  [o s(orc t h e  irnagc a n d
cnginccring  (iata for transmission. The RAM wili bc
u s e d  as a processing and cia(a manipulation
cnvirt)nmcnl.

~>ah].cra & I {ll~il]CC~fi]g_M  casllrcrl]cnts  SYSLQU

The Na viga{ion Oi]t ic:il Sensor Experiment (NOSE)  is a
near II< ( i pm) miniature imaging systcm based on
Active Pixei Sensor (Ai’S)  tcchnologyg,  The AI’S
ailows intcgra[ion of timing and controi electronics,
sucil as ;t[~aiog-lo-cii gi[ai conversion, on a single
integrated circuit. Ti)c AI’S camera requires
ai>i>roxin~atciy 3 or(icrs of magnitude icss power ti]an
cornilarabic ~~i~  imaging syslcms. Without tilis type
of smaii,  iow power systcm an optical navigation
systcm wool(i  no( bc fcasibic on tilis mission.

The NCXSB is mounted in [he bottom of the gondoia,
imaging tiu-ou.gh a 1 pm fiitcr peephole cut through the
insulation. I’i)c NOS13 sys(cm mass, inciuding  optics, is
cs(iinatc(i a[ 200 g.

Conclusion

i311V can ma!ic significant contributions to ncw
(cchnical know]cdgc  of Venus baiioons.  In the category
of  con(roiicri  mob i l i t y ,  lIIIV p r o v i d e s  1 )  a n
undcrs[anding of the i>i]ysics and thcrn]octynarnics  of
rcvcrsibic ilui(i i)uoyancy tcci]niciucs, 2) a verification
o f  aclodynamic a n d  [ilcrrnodynamic balloon
pcri’ormancc  n)ocicis, 3) a (CS( of the performance and
cai>ailili(y of Iigbtwcigi]l  thermodynamic,  solar

insoia lion, oi>tical II:ivigation a n t i  aln]osi)i]cric
cnvirorlmcn(  sensors, and 4) sornc un(icrs[an(iing  of
Iong-lcl  m global navi}?ation of a balioon in (I1c Venus
iligh ai(itudc a(nlosi)llc[c.

B1~V’s cxpcrirncn(al  oplical allimclry Cxpcrimcnl  wil l
provi(ic  vcrificaliorl of [Im ai)ilily to (ictcrminc  position
an(i vclocily  fronl sol face loilo.graphy da ta . I’his
information is essential for Ihc design of future
autonoll lous naifigating Venus baiioon nliss ions.

Ilcsigning,  fabtica[ing, lcsling anti  frying the BIiV
balioon cnvciopc using ligh(wcight,  i]igil-tcmpcraturc-
capabic  matcriais  Iikc i’oiybcnz.oxaxoic  provictcs
valuable cxpcricncc  ncc(ic(i  to design baiioons  for
opcra(itms  in [hc neat- sul’face environment. In a(i(ii[ion
the 131iV bailoon cnvcioi~ wiil demonstrate the design
and fabrication of .$ Ll]f”ul-ic acid cloud particle resistant
coa[in~s in combination with the high (cmpcraturc
capable materials.

‘1’hc B1. V got)doia  w’iii bc cooled at higil  altitude (>SS
k m )  by usc of  (iiodc (r”cflux) hca[ i~ii>cs w h i c h  will
dcrnons[ra[c  their osc and api)lication currently planned
fol” the Vi’i{

I:inaiiy. I\IIV  wiil car{ y a solar array clcctricai power
gcncra(ion cxix:rinlen[  which wiii demonstrate solar
energy generation a[ iligi] ~ii[itudc (40-60 km). in
a(iditiorl, (his solar arlay wiii demonstrate protection
agains[ damage frolo  clou(i (iroplc[s.

E311V  inakcs a s ign i f i c an t  con t r i bu t i on  t o  (he
undcrs[an(iing, of Venus baiioon technology needed for
the. Venus i:iycl Robot  an(i is an innovative first step in
opcninF  up of [hc cn[irc i)iancl to robotic cxplora(ion  of
the. surlacc and a(mosi~hcrc by balioons.
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