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Abstract

The Topaz. If Flight Safety team requires that the hardware far the Russian-built reacior be imadified to cnsure
that the reactor remains suberitical in the event of a inadvertent accident in which the reactor is subiniersed in wet
sand or water, [ Aprit 1993, the American Flight safety team chaose the fuel-out anticriticality device as the
basetine for the hardware design. We describe the initial stages of the hardware design: shaw how the mechanism
warks; and describe its function, the functionat and operational requirements | and the difticult design problems
cncountered. Alsa described, are the initial interactions between the Russian and American design tcams.  Because
the cffort is ta adkd an American modification 10 a Russian flight reactor, this project has required unusuat technical
couperation imid cansuhation with the Russian design team.
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The Strategic Defense Initintive Organization (SDHO) has been investigating the possibility of kinnching a
Russian Tapaz 1 space nuclear power system in support of a Nuclear Electric Propulsion (NEP) Space Test Mission,
Therefure, during the past year nunicrous nuclear safety-retated anatyses were conducted w assess the safety of a
TOPAZ 1L Qlight reactor. ‘The TOPAZ H ight safety team identified a wajor problem, I the reacter becomes
numersed in water or satarated sand during a spaceeraft banch failure or becanse of reentry, the reactor cauld,
patentially, became supereritical. Such a problem canld oceur if the reactor falls in the ocean or onta a saidy beach
armarsh arca. The super eviticality resnhis fram the extra retlection caused by the surronnding inunersion water (or
sand) and the moderation cansed by the added water imtemal 1o the reactor. 1omay do sa nentronically in excess of a
criticality of $3. This patential prablen is nat aceeptable; a hardware suadificmion, in the fann of a paison or partial
fuching ol the reactar, s needed,

In Aprit 1993, 1he Tapaz H Plight Salety temn chase the fucl-ont antieriticality device as the baseline hardware
madification for maintining the reactar ut suberitical for atl eredtible accidents, With this metification, enough fucl
is kept antside the reactor daving, Lnneh and il the reactar is in asafe orbit, Then the faelis then inserted
remately back into the reactar, for nannal reactar aperation,

‘The Antieriticality Deviee is a majar hardware maditication needed tor the safe Hight of the ‘Popaz 2 reactar, In
watiab desipn ettorts, we wdentitied att the reguirements and eriteria necded 1o detiver the bardware for westing ad
guatibeanon. The Awencan desipn e identificd the prablems ad sorted through several feasible capcepus, thirn
presented these concepts ta the Russian desipa team i the Topaz 1 thght salety wan, The Russiin desipn tesim
witally pretened the pasan cancepts, Bat atter severab meetings, the Awericim satety team decidest wa pa with the
fuckant cancept. Here, we present a simary af the prablens and discuss the saltions, desipn crieria,
requanements and pretimimary detasts ad sketehes ol the ACD,

The Russian bl Fapae Hlighoreactor has 37 Thesmionic Fuel Blanents CFEES) that hald the fuet in the
reactar care. Bach 'TFE cansisis ab mnomner emitter tube ik an anter coltector ubwe, “The inner emitter tube halds
the 7w diam by 8- bigh eybindsical Fuel pettets, cach ol which as an 8 win tn 4.9 v hale in the cemer of
the tuel Each ' PEER s apen at the o a atlaw for fnet foacing After tambing, the fnel s beld dawn by n spring
retanmnng od wd o clip bt tastens 1w the tap of cach 'FEE,

The popased Amencan sndificatian ACDH (anticriticality device) halds the tnelant of Lan al the centes T
dunng. Lamel and nund paylaad deplayment. When catbed upon by a gromd signal, the ACD wemately ataces the
tuct o the tam THES int the emitter tubes, and the vesetow stntup ocems, Betfowe veecivang this sipnal, it is nat
possable oo lamt the nebm st nptbe seactn breemse na poween s attawed a the ACH nmib e fast bonsta
sepation operates the mechameat swateh thas pravales the pawes trthe ACH,
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Russian and American design tcams studied two major methods for assuring anticriticality: inserting sufficient
poison (in the form of B4C rods) into the center hole of the fucl and keeping fuct out of the reactor, Some of tic
Russian scientists beticve the poison incthod would be more reliable faur reactor operation: it may, however, be less
rcliable for safety. Because of the different hole sizes in the fucl, it was determined that placing a poison into seven
TFEs would require an additional 3-cm beryllium reflector outside the reactar and a new design for the drum and
reflector sicel retaining bands, A new fucl retaining rod design would also be required to allow a hole for the
poison. The most difficult modification requirement, however, would be a mechanism to guarantee that the poison
would remain with the fucl in all accidem scenarios, yct which could casily be removed during deployment for
rcacior operaiion. No criteria were identificd showing how long the mechanism would be required to protect the
rcaclor from going super critical if the reactor were submerged in the occan. Thus, the poison method seems to be
‘ess reliable than the fucl-out incthod fur keeping the reactor sub critical. The fuel-out method witl require the
fu west medifications 10 the reactor.  Converscly, placing fuct into the reactor will likely be somewhat more difficult
than pulling the poison from the reactor, which makes the fuct-out method of reactor uperation less retiable than the
paisan method for reactor operation.  Dascnssions about these issues during nicetings with the American Topaz 1
Flight Safety team ted to their decision o make the fuel-out ACD the preferred concept. The engineering issucs
pertaining 10 both concepts are the number of modifications required for cach method; survivability of the fuel
during taunch; how well the poison can be removed remotely; how well the fuct can be inserted remotcly; maierials
capatibility; how many steps or operations are required; ad what te.ting is required for qualification.
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A mujor prablem with the ACD design is the Lick of taunch vehicle design load information, As of this writing
no kmnch vehicle has been selected. Farly inthe praject it was not certain haw much space would be avuilable for
the ACDH on the 1op of the reactor. If the Delta Ennch vehicle had beess chosen, o maximum of 4 in, (102 mm) of
vertical space may have been attowed. This timitation would have made bath the poison and the fuel-out concepts
very diffienlt 1o design. The initial design wankl have reguired a set of seven reels fur winding the B4C poison,
shaped as beads, into a drum abave the reactor in the xtotted 4-in, (102-mm) vertical space. But wieeting other
mission requireineuts reguired that the Deha taonch vehicte be exchuled as anoption, “the remaining lasunch
vehicles chaices attow mare space. “Fhe knnch vehiele team has assured that at beast 30 in, (762 wm) will be
available for the ACD, Because the laanch vehicle has not yet been detenuined, specific launch vibrution und
acceleranan data are not confinued for the design of naterials, We will nse bmnch data from an Atlas kunch
vehicle fur our prefiminary analyses and will adjust these dina ta the selected tnmeh vehicle when that infonuation
becames available,

The survivahility of the fuct during Buned is idsa o desipgn cancern, “the Russians have assunsd ns that the
clomping force of about 20 kg keeps the fucl mtact during lannch, but we want o dysamically west the fuet-holding
capability using real fuet it the appartimity arises,

Ony paals tar hindwire desipa e ta praduce guabbed hawdwae tha witl ensine antieriticality under all ereditile
acdent seenanas, Nentianically, the ACH nist nsintain the reactar it suberineal priar o aperation, e reactor
and snbsystems mst survive the mechameal and strnctal tamds encanmtesed Fronn narnal ad affanonnal unch
awd deplayment forces, The ACH madibcation saust be compatible with ppesiaianal ammt sabety featres and with
Enmch vehicke and payload canstraimts, Other paals e msinnze the munber ol maving, pasts for simplicity und
wchinbibty, “The new stnctural supiport st nat imnterfere with the reactor camponents or their operatmns, g st
alsa be vihen e pssie material camprntality wsade enuitter wibe; steugh, theanal expaasion, therugy expansion
cocthoents, hardness, ete. A plne st be tonsubsed and a process wsdestahen that cusures the ety ol the new
hoadware thrangh snalyses aml guabily ation tesis



Functional and Operational Requi

Prelaunch. The ACD n,us meet stringemt design requircinents before kunch, Al hardware componcents must
mcet matcrial type and grade specifications with written traccable assurance for quality continl, The tolerances for
manufacture shown on the drawings niust be met and certified.  All components bouglu off the shelf as qualified
must have the appropriale documentation showing the qualification standards used. The standards to be used for the
design and testing of the ACD arc as follows: Design Standards MIL-STD-1340B 10 (Ociober 1982), Miliary
Swundurd, Test Requirements for Space Vehicles; and Design Handbook, DOD-HDBK-343 (USAF) (01 February,
1986), Military Handbook, Design, Construction, and Testing Requirements for onc-of-a-kind Spacc Equipment.
The ACD must be space-qualificd through intensive dynamic testing as per the above standards. Included in the
prelaunch requirements are requirenients for safe transport from NMERM in Albuquerque to the launch site in
Flurida, An internal par of the ACD design and operatian during pretaunch is the associated loading of fuel in the
four I'TEs, plus the loading of the fucl into the remainder of the reactor. Design reviews, salely reviews and testing
reviews mnst be met and documented, as stued in the stndards.

Launch and flight. The ACD will encaunter the greatest ol the accelermion and vibiratian fosces capuble of
causiug failure o connections or materials dunng kamch and Might. Theretore, the designers of the ACD must pay
carctul anention to these forces. The ACD is required 10 survive theses forees without any material faiture or
alignment shilt,. When the Last separation oceurs between faunch booster it the reactor/payload space sysiein, the
ACD canreccive power via the mechanical switch that restricts the electrical power untit that time, This is a safety
switch whase purpase is 10 ensure that the ACD cannot insert the fuel into the reactor until a safe orbit is achicved.

Deplayment. When the ACD is in a safe orbit, a ground signal will be given for the ACD 1o place the fuel into
the reactor. The ACD s required 1o plixce the Tuet into the TFES for mission operation of the reactor. Failure 10 do
s0 will disaltow the reactor From operating and fail the entire mission. The fuel must then remain locked in place for
the durtion of the mission, which is approxiamtely 3 years,

The design cnteria tists requirements and guidetines that nmst be Ffottowed in arder 1o bave a successfulb design,

L. Design the companents fur the 3-year htetime of the experiment, with the inderstinding — that the
canmponents may be inspace far bmndreds ol years,

2, The desipn farces for the bmnch enviramuent were derived fram Lianch enviramuent  data (kmnch
vehele has nat yet been selected).

3. Work as ateamn with nensonies persanuel, Optinize hardwane characteistios ad - nentranic prapertics.
4. Design moving parts of mechanist and tuel puide e atlaw fuet wa hieely move mxler zera gravity and
SPEICE envirdmnent,

5. besipn fuct-ant antierineahty mechmmsin ta ensure that fucet camat enter she reactar in the event ol an
acendem,

6. Design the strnetreab frame g aptimize wiateriat stenpth, weght, compament strenpith, rechnction al
mdneed vibrans, iad averatt funcetion,

7. Desipn hobder Tasteners tan smanivamn stuengih, case al assembily, naninterference with NS
comnpnents, and secunty apsnist distadyinent cised by vibrational luces,

H. Ensise that new havdwane avaids the passibife shart-cireniting ol acCPEE ar ather cleemeal canductan.

Fasise that comduetive matenals canuat gam an eleenical path thint wankd disspt reactor perfananee,

D Fise satety wite ar athier sme st connectons as secnting Fasteners,

1O, Desipn electianic eguignnent i sehiababny and companent campashiliy and cnsine that they can
withstud the stress cansed hy vilnaban nehiced torces,

FL Desipnamanitaring sensar that campmentes toan emdu station the sieeessiub - completi: af the fnel
fambag, sa that stutop ab the weachn e casnene,

I Fhe el ont mechamsm bindwine size bt i g exceed the faltowmg, twa sizes  and amditnms,

a Fhe lmbwae cuvelape ss not tinesceed besrbtal $8m (88 s mcheight by 1 (VARSI R
) e denn when measred b the birhest poant an sl exasting Fapaz seactun,

b Phe bl antwechmnsan hardware weyrht bt s SO B L7 bpr, Natcommting bael, am
addtnmal 20t (9 ky) may be added tor the ek camectg nt the stincenal hindwine, far s otal

ol Mtk



14, The maximum and minimun times attowed fur fuel insertion into TFEs 30 min~ (maximum) and 2 s
(minimum).

IS. Electronic and clectrical pawer requireinents must be coordinated with the Topaz. flight  safety wcam,
APL and Phillips Lab. The sequence of events and the control of these  events is of primary imporance.

ware D iptions for Fuel- 1

Refer to the appropriaic TOPAZ. [l documents for a description of the TOPAZ 1 reactor (sce references). The
hardware described herein is concepual in nature and is the basis for the final design, Some of the components may
change during the design as the design is being realized (sce sketch below).

The hardware required for the Fuel Out Mechanism consists of the foltowing:

1. A structur] support frame, seevrely fastened ta the TOPAZ 1t reactur, preferably using ancew Russian
welded design that suppans the frinne fram the wip ring ontside the  helivm plenum. The frame and the
ACD mugt be capable af withstuding acceleration forees and vibrations during spacecralt kmuch and
deployment,

2. A fucl-out holder designed 1o interface with the THEs (funr, center plus 3 out of 6 from the inner ring).
The holder incorporatcs spring hardware with i compressive foree (20 kg force) that clamps the individual
fuct pellets wgether during launch, ttulso hasa  wechanical pate, which guarantees that the fuet cannot
enter the TFES during kumchar — inthe event of au accident.

3. A fucl-ow relegse mechanisig that reteases the 20 kg-load and opens o mechanical gate that allows the
fuct 1 enter the THE,

4. A hardware wechaisin that jnserts the fuel inta the TFE o the carreet location  (pneumatic or direct
clectrical drive).

5. A locking wechanism that focks the Tuel in place far the litetie of the reactor.

6. The guick-connecting hagdware that attows the fuct oot anticriticality mechanisin o guickly be
fastened 10 the structurl finie after the reactor (the other 33 TEES oad of — fucl) el is loaded.

7. ‘the glectronic aud clectricit bardwarge amb/ar baroess required to transfer a signal that - connnunicates
with the Reactor Cantial Unit into an actating connuand 1o begin the fucl loading operation mul 1o towd
i fock the fuel, and the sensars vequived to canfinn that the fuel taading is complete.



Hardware Design Analyses

Sce af the following engincernng analyses iy be required ta ensire reliability, strength, and aperatianal
function. ‘These may be required at virying levels af detail.
L. Suess, matenals aptinization, and vibratian analyses of the structural friune and the  fasteners required
1o securely fasten the frimne to the reactar,
2. Fucl material strength, suitability tor holding fucl outside the reactar, stresses duc 1o dynamnic motion,
and campatibility with TFLE and other mechaniss,
3. Stress analyses an the Tael habder tor survival of launch forces.
. Quick-connecting hardware and tasteners may require stress analyses and vibration analyses.
5. 'Ihe elecronic control eqquipsnent requires matching power 1o camtrat vohtage check,  mamfactirers dua
review, and general review by electranic engineers,

P oS

Iardware Tests

Beuch-tap Pratatypelesting, Doring the design, it is necessary ta kpaw the friction faree of the el gnock
tuc!) when the fuel is inserted imo the TEEs, A benehtop prototype test is nevessary 10 canfinn what that taree is.
This mformation will aid us in predicting what happiens in a zera-gravity enviramment, ‘There are also questions atf
geometrie it with respect 10 the fuel and the TEE. This benchtop test will dictate the 1olerances required For
reliabitity and will canlinm the effects of the design 10 keep the fuel fram binding when inserted inta the 'FEL.
During this thne, the testing al alveady quatified matars and actuators will begin, along with o histary ol ihicir
perfannance as rebited 10 this praject. Where there are twa mcethads tar designing a fit ar wleranee, bath may be
ined. e ettect, this beneh-tap prototype testing procedure is o devetapiuent phase that goes bind i hasd with the
desigm ab the device, The smtamsnan feeds back 10 the design il is used taimprave the device.

Repetitive Testing, Vhis west wiay be dane an thie beneliap ar an ane af the ather reactars, such as the Ya2t ar
V=71 b this test, o bl version of the device will be maunted an the reactor e anaomockup of the reactar, ‘the
fuct (mack tael) will be imserted dazens al times o shaw that the mechanisi is reliabie aud capabite af daimg the
mscring repetitively. A histary will be hepit and used tar rehability papases. Chie pass/lail eriteria applicd will
weguaire that are develapment be dane ihabe device fails, When the device passes, it will be reqady 1o be seat far
quashilication and dymamie esting, Phis testing is 1o ensure it the design warks hietare the extreme dymanic forees
ae apphed.

Qualilication Testing, "Fhese tests wall be dane after the ACD design has been reviewed sl appraved and the
develapment bahized. The tests will be done in canpanction with the ather tests, required For the reactor simn
svstom, whnclare dane by the testmg tean and the design team, “These tests place the subsystem anticrinicatity
device i the mast extreme enviramments passibite donmg tnch and thight. They inclade wemperatire and vacmnn
testint that e be dane wathont e seactor, and dysmmic testng thiat will be dane with the ACD monnted anibe
reacton, These tests wilh demansteate the sivivabatity ab the ACO, it thiat the reliabibiny, alter the dymane faads,
have been apphied as clase as passable tathe sctat maximm farees credible daing kimnch and Hight. As with
other testmy, there will be o pass/Bnb entersa that eather sends e deviee ek Tor mare develapment ar guahtios the
device Tor spaee,

Grannd Critical Testing, This napht be the anly test pesmitted wath the real Fuel. "Fhie testing will be dane
entcal ey, mrabably webas Almmas, Hveal Taebis o hie used, then sem repetitive testing niay be wanimted. A
secambsey paat s tawse the ACH i place the ael inta the PEEs vemately, as reguired by sepntations, Having the
ACD o the veactor dunmg pramd cntcals will alsa moke the dataetlect the actal thipht system,

Sastem Cannection and haterface ‘Pesting, Becanse the beach top testsy s vat dane with the associated
stcecatt clectames and space maunted batery these wilh be asystem cieck nsing the tipht np electonies il
enspbiny the ACH worths amd as conrectts haokebap, Pl say be dane belare stupient ta the Limcly sie nd alie
systen sitesram at and betase Bamehan the Lmmet sies There sy beanaddiianal test donmy coineal testgal
the preper elecione contind sy acis e avalabile



Expunded view of
the ACD showing
drive screw and
clectric motor

ACD on proposed
Benchtop test stand



CONCIL.USTONS

The design al the anticntivatity device is underway. The basclitie cancept is ta ensure that - enough fuel is remaved
and held fran, the reactor during Lianch, Tight, and deploysnent in a safe orbit. The fuel will be remotely pliced inta
the reacion, ad the reactur will be operaed as planned, I the reactor and space erft should reenter before
deptayment in a sate orbit, there witl nat be suttivient fuct for the reactor w beeome super eritical with the extra
reflection and moderation cansed by tie inmnersion and subimersion in ocean water or wet siuid. Thus, the design is
passive with respect ta safety, Sutistantial wsting st be perfonned prior to quatification of the hardware. The
design issues are the survivabitity af the ACD and the fuel during taunch and flight caused by the aggressive
accelersnon and vibirion laads encaomered, Reliahibity is a majar concern, as it always s, on space hardware
designs,
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