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(hnccptud Design of the
Topaz 11 Anticrificality Dwicc

David Truji Ho, i)irrrcll Bultnurn. R. Chris Poucr, Lco Srmchcz
Tcchnicirl Engineering Support Group, MS G787

Los Alnmos Nw.ion:d l.abonm-wy, LOS Almnos, NM U7545
(.505-667-7336)

Vladimir Egorovich Skolwlcv. CDBMB, Ru~siir

l’hc Topaz II Fl@u S~fc(y [cam requires MM the hardw:rrc for rhc Russiiur-buil[ rcmor M. modilicd m ensure
that rhc rcacmr rcm:~ins suhcri[ical in [hc cvcnl of an inndvcrlcm accidcrrt in which [tic rcx’mr is sulmmr.scd in wet
sand or waler, In April !993, [hc American Flight saf(’ty mmn chow [Iw fucl+ut anticril iculily device as [hc
Imclinc for IIW hardwwc design. Wc dcsurihc the inili:d smgcs of tic hwdw;wc design; show how r.hcmcchmrism
works; aml dcscrihc ils func[iorr, [hc func[iord and opcr~titmtil rcquircmcn[s , and LIICdiflicul[ dcsigrr proldcms
m’rcounlcrcd. Also dcscribcd, arc tic ini[ial inlcrirclions hctwccn tic Russian and Anlcriciln design lcams. Bccausc
Ihc effort is u) odd im American mmlificolion 10 u Russian flight rcaclor, [his projcc[ has rcquirrd unusual mchnical
ctmln’r:llioll mld C[msull:llitm will] lhu Russimr design [cm.

{01 )llc”l’loh/

‘I”hcSrr:]tcgic tlcfcnw Iui[i;l[ivc Orguni~aiion (SL)IO) has hccn invcstigdng IhC possil~ilily of Iilurtchhlg a
R ussitin Iopw II spilcc nuclc:lr power sys[cm in supporl of ir Nuclciu Electric I%pulsion (NEI’) Spircc Test Mission,
Ilwxforu, during the lxis[ yc:lr numerous rruclcar *lfcl y-rclalul mdyscs were conduclwl 10 awcss lhc .wrfcly of a
‘l-O1’AX II tlighl ~il~[l)r. The TOPAZ II 11ighl mfc[ y [C:UII kknlific(l a nulj(~r prohltm. If [hr rr:lch[cr~xwmcs
immur.sud ii] w:m’r or smurmd sand during ir spxccmfl kmnch fnilum or bccausc of rccnlry, Ihc rcxxor could.
Ix)[cn[ially, Iwconw supm.ri[irid. SUch il prohlrnl could lxxwr if dw rcaclor MS in Ihc (WC:UIor ori[u a sandy htxrch
or mnrsh ilrL’il.“Illc wrpcr uri[icill il y rcsul[s from lhL’ cxtru rl’llucli(m CilU.SCdhy Ihc surrlmnding immersion wtilcr (m
Xlnd) illl(l Ihc modcrmilm LXuwd by lhC itddcd wulur imwmd 10IIIC rraclor. 1[ Ill:ly do S0 lll’lllrol)icmillly in CXCCsS of rl
critilwl ity Of $3. This l~~lclll i:ll prohlcm is nol ilCL’1’[)lill)lC; il h;ml wurc modi Ilculitm, in Ihc ffmll of il Imi.son or f)ilrliill

l’rl~’lin}:01 IIIC rl’ilc’lor,IS llt’llh’d,
IIIApril I W,!, IhC ‘l”opu~.II I:lighl Siifil[y l~~iltlicIIOW IIIL! flll%olll itIl[i~ri[lt’idi[ y dcvic(! ils IIKS Ixwclinc hdwiu~

Ill(rdil”ic:lli[m for Illililll:lillillg lhu rcm’lor ul sulwriliL’;ll ft~r :dl crrdildc illTidCIW With Ibis Ill(nlil’il’:)lioll, Cnmlgh furl
is K1’1)1(mlsi{lc Ihc rl’ilt”[(lrdurin}: Iilllll(”ll illl(l ulllil Ihc rcwwm is in il Silfr nrbil. “1111’111111’t’m’l is Ihl’11 in.scmd

r(”lll!lll’[y b:k”ti illlo lhl” rl’w’lor, l~)r Il(}rlllid Ww’tl)r {Jlh’ril[ioll,

“I”hc Antl~’ri[ic;llily Ikviuc is :1nl:ljt~r h;wdw:lrc Illt)(lifit-:lliim m’t:dl’d h~r IIIC si~((t Ili}:hl 1)1 h’ ‘[ ’op;I/ :1 r(viclt)r, III

inlld d(’si~yl cll’ims, wl’ I(lrnlili(’d illl 111(’rcquinvmwls ml crilrri:l mwdcd lo dulivcr 1!11’h:udwmv flw 11’stin~illl(l

lltl:llillt.;l[ioll. “IWL*AIIICIICiIII (It”sijgl ICNIN i(lcnlifltmd IIILSl)n)lllculs and sorwd Ihrr)u@ ~’vrr.11 l“ivlsildccotwclm, 111111

lIIcsrilllxl 1111’sl.t~~tll(’l)ls 10 III(’ I{llssi;lll d(’si~:nIv:llll :llld 111{’‘1’iymz II Illl!hl sillily 11’:1111,‘1’11~’I{lmsiwl dusil:n 11’’i’l)
Illllldly pl(’11’111’11III(’ [)01s011”(X)ll(’1’pls, IIUI illhv sttv(’lill mcr[ilq:s, III(* Amrl-ic:m s:iftily 1(1:1111~l~icidwl II) ~:t) will) III(S

lm’l~ml (0(}11(”1’111.I 1(’1(’,w(’ 1)11’sl’nl:1sullllll:lry [)( Ihl’ IIilddt’111:Illil dis~”ussIlw wduli(ms, ~lrsi}:ll ~“till’! i:l,
rls(l~llll’ll)ltllls, ill~{l 1~1~’lilt~ltlilr}(11’t:llls:111(1SkCICIIL’S 01 III(* A( ‘1),

‘1”11{’Rliwiim lNIIll ‘1’1)11:1/II Ilil:lu It’il(’ll)r hils ,1’/ “Illimliollir I:m’l I{ ICIIWIIIS {1’1.lis) Ih;ll 1101(1Illu l“ucl ill Ilk!

K’NIOI (C(w. 121(’11‘l”l:l”. 1’(}11s1S1s[)1 WI Inw twiillt’r Ink ;111(1illl ~mlrr c(dlccmr Illlw, ‘III,* imwr rnlillrr lulw lrtIl(ls

llh’ I-l-lllltl lli:ull hy H 111111.hi~:hrylmihil’id 1’111’11~’llrls, (’ill’1101 whi~’h Us ill) H 11111110Ifl.$ 111111111)1(’in III(’ (wwr 01

IIIi’ III(SI. 1“.:11h ‘[”l;li IS olk’11 :11lh~’ lo;) 11)itllow Itw I“u{’1Ioillllii}! Al”rrr I{xulill}!, IIW luisl ISII(’I(IdI)WII I)y N sl)tii)g

rt’l;lltlltl~l I(MI 1)11{1ii t’lill 111:11lilSlt’llS10 [1)(’101)t)t (“ill’li ‘1”1:1~,

“I”IIL. I)II)[H)WII Alllt’rl(”wl mt)dill(’:ul{m A( ‘1) (iln[icri[ il’illit y drvicr) I)tdtls III(I Iucl t) III 1)1”IINII 1)1 III(I tItvIIt*I ‘1’1,1A

durm~, liIIIII(l I NI)(I 1111111l):I~l(I;I(l (lt.l)loyIII(’111, \VII(*II t’illll{(l IIIN)II I)y ;I [:11)1111(1si~!n:d,11)1*A( ‘1) I(IIIIOIVly ,)lill’(~s III(S

IIK’I 111)111 1111’lt~lif ‘l”l:l.s illlt} IIN. l’1llill~’1 IIIIILSS,WI(I 111(’Iw’ll)r WIIIIII: IhVIIIS, llt*lIItI’ ll.’(”(’ivllly Illis si~:ll:ll, il is m)l
~M}\’,Il!lI’ III 111:1(1III(J III(’I 1)1 10 \liIII III) 1111$I{mil(”lI)I lM’(’lIII\I,I III) lhI\v(’1 I’i illl(l\\(-tl 10 111(’At ‘1) 11111111111’liIsil IMM)sI(’I

\(’ll; II; II II)II tllh>l:llt. \ ll)t’ III(’( 11,1111(’;II \\\ 11(’11Itl; ll l)l(N’lIh’\ tll(’ [II)WI’I Ill Ith’ A( ‘[ ),



H)] ONs VS FUEL OUT

Russian and Amcricirn design turns sluclicd lwo major mclhods for awnrrg mmicrikalily: in.sming sufficicru
poison (in [hc frrrm of B4C rods) inm the ccntcr hole of [hc fuel and keeping fuel out of the reactor, Some of mc
Russion scicntk~ bclicvc the poi.wn mclhod would be more reliable for rcnclor opcrition; il may, however, lx Icss
reliable for safely. Because of the diffcrcnl hole sizes in [he fuel, il wiLsdclcrmincd lhrnlplacing a pison into seven
TFEs would require an additional 3-cm beryllium reflector oulsidc the rcaclor and a new design for tic dmm nnd
rcflccmr SICCIretaining bands. A ncw fuel rcmining rod design would idso bc required 10 allow a hole for the
poison. The most difficull modification rquircmcnl, however, would bc ii mcchimism to guaramcc thal the poison
would remain wi[h Lhc fuel in irll acciclcn[ sccnirrios, ycl which could easily be removed during dcploymcm for
rcac[or operation. No cnlcria were idcmificd showing haw long lhc mcchiu’iism would lx rcquinxl 10 prowl the
nxmor from going super cri[ical if [hc rciic[or were submerged in the ocean. Thus, the ~ison mcdwd .sccmsto lx
‘CSSreliable [harr the fuchrl mclhod for keeping tic rcacmr sub critical, Illc fuclwul method will require the
f~ WCSImcdifica[ions 10 t,trcrcacmr. Convmcly, placing fuel in~ lhc r~xclor will Iikcly bc .somcwhm more r.lifficuh
I Ixm pulling Ihc poison from Ihc rcxlor, which m:kcs Lhcfuel-oul mcdmd of rwrclor o~rtition less rclinhlc lhiltl dm
poison nlclhod [or rcacmr Opcrilliorl, Discussions idx)ul [hcsc issues (luring rncxlings with lhc Amcrirxrn Topaz 11
Fligh[ Sal_c[y Icam Icd (n [heir dccisiun [o make lhc fuc!-ou[ ACD dlc prcfcrrcd cunccpl. The cnginccring issues
Ixrmining to bo[h corwcprs iirc Ihc numhcr of modifications required (or cil~h mchd; survivability of [tic fuel
r.luring launch; how WCII r.hcpoison call k rcmovml rcmolcly; how WCII lhc fuel can hc in.scrmd remolcly; miucriids
compn[ ihilily; how mimy slcps or opcr:l[k)ns irrc required; and whnl Ic.,ling is rcquirc(l for qmdificntion.

~lISl(;N I’ROI\m

A nuljor proldcrn with [hc ACD dcsigll is [hc lack of lmrnch vchiclc dcsig[l Ioid informwion. As of ibis wriling
no I:IIIIKII vchklc htis hccIl sclccIcd. I%ly in [hc projccl it Wils no[ ccr[:liu how much spncc would be nvnilablc for
IhC A(-D 011IIN I(~p of IhCrcilc-[or. If IhC DCIM Iiltlnch vchiclc h:ld hCCII ChOSCIl, ii nlilximum of 4 in, ( 102 mm) of

\’cr[k’ill spiIcc miIy have kcn irllowcd, This Iim iiildon would htivc ll~il(k Ix)lh lhc poison irnd IhC fuel-oul COIKCpLN

very (11111’ull [() (Icsign. lIIC inil iill dcsi~ll W(mld h:lvc required il SC[01’scvl’n rl”L’]S f[~rwinding lhC 11~~ Ix)ism,

Sh:lp(l ilS lM’ildS, inlo d drum il~)VC IIlc rcmm)r in Ih(’ :11I()[k(l 4-in, ( I 02-11)111) Vl!rliCill Sp:lCl!. 11111uwc[ing olhcr

Illkh)ll R’quircnlcnls required th[ h’ [)uII:I krunch vchkk hc cxc[u(k’(1 :1siill iq)lk)n, ‘lllC rcmirining IilUllUll
v(. hiclcsL’hoiccs illloW IIIOIC SpXT, “I”IIc I: UIIWII vchiclc k~illl] IKWilssurd 111:11il[ ILXIS[ 30 in. (762 1111]))will IN
wail:ddc Ibr Ihc ACD. Dccausc Ihc liillllCh vchick has not ycl kn (Ick’rmilw(l, specific kmnch vil)rn[ioll nnd
il~~cl~sr:l[iolldilifi in IIOt confkmc(l ror IhC design of numsrinls, WC will uw l:IUIIUh (l~~[ii from iiii Atlits liUIIILOh
vvhiclc I’i]r our preliminary illl~lly.SL’S:111(1will il(ljUSl lhcsc lI;M U) 11)1:.S4’lm’lcdl:lllllctl vchiclc WIN I} 111:11iuf(mnnlion
lh’L’olll~’S ilVili kll}k.

“1’hcsurvivubilily ()[ [hc fm’1 during l:mm”!l is ill$u il dcsigll Ctml’lwl. ‘111(’I{ussi;ms h:vw ussurcd us lhiIl lhc

cl:mq)ing Iorcc of id)otll 20 k~ kC~pS IIIU lUCl IIIIUL. I (Iuriq! Iilllll(’11, IWI w1*WiIIII I() (Iyllilll)i(tillly [(-S1 IIIC (Iwl.holdinx
(’:q)d)illly usill~! Will 1’111’1il’ [11(’(q)p)rllmily illlS1’S,

,.. .
IINI(”AL l{lU/U1l{ltR~ ‘u



F~ ml (Iwm.tuml RccummsIM
. . .

l’relmrrwh, 7%c ACD n,usL mcc[ slringcnl cicsign rcquircmcnLs before lilu~h. All hardware componcms must
mc.a mmcrial lypc and grade specifications with Wrillcn uaccablc assurarrcc fur quirlily corm cd. The lolcrimccs for
mimufacu.rrc shown on the drawings must IX mc[ irnd ccrliticd. All componcms boughl off rhc shelf m quirlific.d
musl have dlc apprcrpriak docrrmcnLIUon showing drc qr.ralificar.ionsmndiuds usu.f. The slandiuds ur bc used for lhc
dcsigrr m! Lcsling of Lhc ACD arc m follows: Design SLlndards MIL.STD- 154(IB 10 (Ocrotrcr 1982), Miliuwy
Sliu’rdml, TCSI RcquircmcnLs for Space Vchiclcs; and Design Hirndbook, IX)D-HD13K-343 (USAF) (01 February,
19116), Milirary Hwrilbook, Design, ConsmrctioIl, id Tcs[ing RcquircmcnK for onc-of+kind Spircc Equipmcm.
‘11’rcACI.) must bc spxc-qu:dilicd tirough inmrsivc. dyrmmic uxing as pcr l.hcabove smndmds. Included in rhc
prclirunch rcquircmcms iuc rquircmcms for snfc rrarrspm from NMERI in Albuquerque 10 lhc launch silt in
Florid:I. An imcrnal par[ O( LhcACD design nnd olwr:uion rhrhrg prclwmch is LIICmswia[cd loading of fuel in LIW
four ‘IT*IU, plus the Io:uling of tic (UCI ink) Lhcrcrnirindcr of Ihc rcac[or, Dcsigll reviews, safr[y reviews and Wsiing
rcwimvs musl [w mcl illld (kumcllk!d, :1.$Stak’(1 in lIIL! Sl:uldflrds.

L:IIIIWII iind fli~hl. “1’IIcAU.) will cmwunk’r Ih~ ~rmcs[ of k i~~~ll.r:l[ hm iiid vil)ra[im fo,ucs cq):d)lc of
causing l;li lure h) connm[ions or rnil(thds during Iuunch and flight. Thcrclorw, Ihc designers of hC A(X) mus[ p[ly
ciMclul wmnlion tn Ulc.scforces. The ACD is required (Osurvive the.scsforms wihut any mirmriul failure or
ulignmcn[ shil’i. WhCII [Iw Iiis[ .~l~lril[k)ll occurs IXLWWX1launch bOOSIU illd LIICm~]~-[(~/I)ilyl~\d SpCC sys[cm, IIIC

ACD can rcccivc power viir dw n~cch:mic:ll swi[ch IIVN rcs(rir[s the cl~~~i~ill Ix)wcr unlil [Iliit dmc. This k ir snkty

swiksh WII().SC purpose is I() ensure rll:ll IIW AUI) u;mnoi in.scrl lhc fuel into lhc rcacmr unlil u wfc orhil is ucbicvcd.

Duphq’mcnt. When Ihc ACD is in ii silfc orbil, a ground sigmd will lx ~ivcn I’m I.IWACD 10 pLIcc IIIC furl imo
Ihc rcm’mr. The ACD is required [o pluw IIW l’uul inm Ihc ‘17:Esfornlkskmopccuhnof[Iwtt-.il~k)r. Firilurc [o do
.s0 will dis:lllow lhc rcaclnr Irom opcr:uing illltl Iilil lhc cmirc mission. IIw (UCl I1]UWlhcn rcmilin locked in plm-c for
Ihc (hmuion of lhc mission, which is ;ll)[lr~}xi:llll[l’ly 3 yc:ws,

‘I1lU (Icsil:n crilrri:l Iisls rcquirrnwms illl(l ~uidrlim’s 111:11musl IRSlollowrd in lmlvr Ill Il;lvc il sm’crssful design.



4

14, The maximum irrd minimum [imcs zrllowcd for fuel in.scrthm inm TFEs 30 min (maximum) and 2s
(minimum).

15. Elccwonic id clccuicd power rcquircmcn[s mus[ bc conrdimrtd wi[h the Topazklghl siifclyLciun,
APL and Phillips Lob. Illc scqucncc ol cvcms id LhcC(M!MO1of r.hc.sc cvcnls is of primary imporumcc.

Refer to the uppropritiw TOPAZ II (Ilxmmcnls for n dcscriplimr of the TOPAZ 11reactor (SCCrcfcrcnccs). The
hardwwc dc.scribed herein is com’cp[ual in nmurc rrnd hi lhc basis for lIK finnl rlcsign. Some of ihc componcms may

clxmgc (luring IJIC design ils [hc dcsigrr k being realized (SCCskclch Mow).

The hmdwarc rcquirm.i for Ihc ‘ ,., ”~ uonsi .s[sof [hc following:

l.A~ . ~IOI~H!U, .Sccurl’ly [;ISICntJd m [hc ‘I.(N’AZ 11 rc:w[or, prcfcrirl)ly using :1ncw Rmiirn

w’cldd design lh:ll suplm”ls lhc Irdnw from [hc l(ql ring ouLsidc [k hdklll plCIN.Un. The friunc nnd lhc

ACD must bc ~iipd}l~ 1)1”wilhsl:mdilq! w’rclcrnlion forces and vilmui[ms during spucccrall launch and
dcploymcni.
2. A fuel-ou[ hol(kr designed I() Intcrf:w wilh lIIC TIT+ (four, ccmcr plus 3 out of 6 from Ihc inner ring).

The hd.lcr incmpmncs spring hnrdwnrc with:1 compressive force (-20 kg bee) hat clamps [hc individual
fuel pcl[cLs lugclhcr durin~ brunch, 1101s0 has 0 n)~~hilnicill RiIIC, which guarrrntccs lh~t thc fIICl Ci\nl)(_)t
cnlcr lhc TFEs (luring I:mnch nr ill 1111!cvcru Of 011ilCUidCl)l.

1. A ftlcl-ou[ ~~.~@;\nl~lll I]MI rclc:wcs [hc 20 kg-l:)n(l :IINl OIX!IN :1 mcChanici\I g:IIC [11:11nllows Illc

fuel h) mrmr Ilw TIT{.
4, A hardwtirc Ill(ti.hill)isli) 111:11!!!MVM IhL’ lIIrl imo Ihc l’Fll I() [hr corn’cl Iocu[ion (pncum:uic or dircc[

clt’clri~.ill drive).
5. A kkin~ mcchwlivll 111:11hwks IIIL’ I’IICI in plwx M lIIC Iili![imc of lhc rcnclcrr.

6. The @*ll[KcliU~lcL!!\yilK llml ill lows Ihc fuel (w( wllicrilic:llily mcclumism 10 quickly hc

Imlmd 10 LIICslruclur:ll fumw ullcr Ilk’ rc:klor ( lhc olhcr 33 1’1,71s’ Id of fuel) (ucl is Iowlrd.
7. ‘IIK! ~ ~~~~t.:11 Iumlvarc red/or hilrllL’SS required 10 WilllSfCr a signirl dull communicates
wilh Illc Hcirc[ur (’lmll(d lJnil inlo :111ill:lllillilli! Collllllillld 10 I)cgin lhC IIICI Iuilding olW’illioll” 1111(!10 I(M(I
:111(1hk.k lhc fuc[, ilnl! llIL’W’IISIMsI’t’(plll(’(f 10 Colll’lrlll M IIN Illc[ loilllillg is COlllfilLW.
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Srdnc of the following cnginccring tlIli)lySCS nlay t)c require.(i 10 ensure rcli:lhili[y, Strcng[h, and operational
l’uncli~)n. ‘1’hesc may bc rcquird al varying Icvcls of detail.

1. Strws, materials optimiz.u(ion, aid vitwation onalyscw of IIIC structural fr;ul)c and the laslcn~’rs rcquiml
to sccurcly fask>n LIIC friin]~ [o [he rm m.
2. FUCI mtcrid strength, suit.ohili[y for holding fuel ouLsidc the reactor, stresses duc to dyrran) ic mot ion,
and compirtibility with l[;[l and other mechanisms.
~. SWSS OIU]y SCS On Iht fuel holder for survival of launch folvcs.
4. Qllick-conilt’ctillg hardware and f’aslcncrs may require stress illl:llySCS and vibralion mly.scs,
5. ‘1’hc elect.r(mic control cquipmcn[ r-cql]ircs ,m[ching powc~ to control vd[:lgc chctk, lNiUIUfaUluK!r’Sd;lld
r~’vlcw, d general rcvk’w by (Ilc’clrollic cnginrc’rs.

Brnch.top l’rotol~~)c’’l”cslii lg.” I)uring Ihc l!csign, it is ncc(wary 10 Lm)w lllc friction Ibrcc ()( Ilw fIIL’1 (Ill(Kk
l“rIL’1)Whltn the Iucl is IIISCIILId into the ‘l”l;l{s. A txI)uh(c\p prototype (CS(is nlsccss:wy to conllrm WIUII [II;I( h)r(’c is.
‘1’his 1111’i)lllliiliollwill ilid US ill prl’llicting wh;il hill)pCnS in it zero-gravily t:[lk’irolllllc:tlt. ‘Illcrc urc illS() qm”slions of
gc’onlctric fit with rcspm 10 lhc Iucl and lhc ‘l’l:E. This hcnchtop lcsl w i II dicurtc the K)lcrmccs rcquird for
rl’liilhill[y il[)d will confirm th (!IIL’c(s of LIIC (hign to kcei) the fuc! [rem binding when inserted into the “1’l~li.
During [his Iln](’, 111{’tcs[ing 01 alrdy qudific(i nlolors and ilCtU:llolS will begin, irlong widl il hislory 0[ Ih(’ir
Iwrforn)ancc as rclalc(l 10 Ibis proj(’ct. Whl’rr Ihurc ilr’1’Iwo nl(’dlods for designing a fit or tolcrancc, INNII Il)ily IN
[rl~’(1 III cilcc[, this Ixwch-[op pr(m)typc lcsling proccdurc is a (Icvcl(y)nl(’nl I)hasc tlIal goes hand in Ilalld with thl’
dl’s I!:II 01 the A’vicl’. ‘1’11,1Im”OIIII:IIIi)II I’i*I.*ds Imk [o Ihc design aI)d is us~’d IL) ill]provc the dcvi(c.

Rrprtitivc Tcsling, ‘! ’his t~’sl Ill:ly lx’ (!011{”on Ilw Iwnchlop or 01) 011(”()[ [1)(’ olhcr rcxlors, sm’h as Ilk: ‘t’il-2 I or
V-7 1, 1!1Ill is [~’st, a I’ln;ll V1’1sit)ll of Ihc dt’vi(t’ will Iw n)ountcx! on 11)(’r~’actor (;r on a mxkup of [tic r~wl’[or. ‘1’111’

I“rll’1(m\K’k I IIL’1) will h’ insl’1 ((’(1 (10/(’11s 01”litlk’s h) Show that the nkx’h:ulisnl is rl’liill)l(’ old c:q)ablc 01 doill~: IIIL’
InSL’IIIIIg r~m[w[ilivc’ly. A his!ory will l~{kL{sl)( aid USC-(IIor rcllal)ili[y puqx)slts. ‘1’11(:[)iMS/liiil t“ritl’ria ;Il)[)lil’(1 will
IL’LII]II1’ 111:11[ll~)rl’ (it’v(’l(pll(’llt 111’(iol)c II’ Ilk” (1(’vic’c’lililS, WIN’11ilk’ (IL’VIC”Cpusscs, it will h’ ready 10 lx’ s(’111lt)r

qu:illll~:lli~)i] aII(l ~lyn:InIIC$ k’sl In~, ‘1’IIIs [tssIiIIg is to c’ns~m IhaI Ill{. (hssign wolks bch)rc the cxtrl’11~(’ dytl;l~t)i{’ Ii)rll$s
;Ilt: apl)ll(’(1,

~}$1(’111 ( ‘otltiv(’!it)n illl(l 1111(’1’f;l(’(’ ‘1 (’~litlg, l{(’(’jlll~it’ 11)(’IJ(’1l(’111o11l(’\llll}l, IS 1101 (loI)\” W’1111111(’ il’,’,ll(’lill( ’(1

\~hl( (’( 1:111(’1(’( Ilolll(’i illl(l \l); l(’(’ 1111)111111’(1lhlll(’l V 111(’1(’ Wll! 1)(4ii S) ’:;l( ’111(’11(’(’k 11’illl/: III(’ [li~!l)l Ill) (11(’(itotli~i ;Ill(l
(’ll\l,lllll$ 111(’/!( ’1) \\olk\ ;Ill(l 1~ (’r)ll(’( ll\ Il\)(lkt’11 Ill), ‘1’111’i Ill:ly 1)(’ (11111(’1)(’[(11(’ dlllllll(’111 10 111(’ 1,11111(”11\ll(’ ;111(1illl(’1

\\ ’\l(’ 111Illlt’il,l:lll{)ll :11:111(!11(’lot(” 1:111111II ;11 Ill{’ 1,11111(’11 \ll(’ 1’11(’1(’ Ill:lv Ih’ ;111;I(l(llll{)ll;ll 1(’\l (hltlllj! ( llll\ ,11 l(’llllljt, II

Ill{’ Ill{llh’t (’1,’( 11[1111, ((11111(11 !\ !l(’ill\ ,11(’ ,l\,lll,llll(’



Exp:]ndcd ~icw of
the ACI) showing
drive screw OIId
electric motor

A( :1) w proposc(l
lwlch[op [WI sl:lnd



7

~ON(’l,[lSloNS

llc design oi k :mlicrllic:llily drvicc is uld~’r\v:ly. The. birsclinc u)nccp[ is K) ensure lhat enough fuel is mmovcd
and lwld fron, dw rcmor during I:lunch, lligh[, and dcploymcnl ill a sirfc mbit. Ilw fuel will Ix remotely pl:lcc(l inlo
ihc r(’tiiitii, :md lIW rcxtor wil I Ix olwr;llul w pklnncl!. 11the rcxlor and spwx cr~fi should rccnlcr before

dcpll)ymcn[ in a s:lfc orbil, [here will not hc suflicicrr[ fuel for Ihc rcamr w lxcomc super crilicid wilh lhc cxlrii

rcllccli[)ll m-l moderation cau.sc(lhy LIICimmersion :uld submersion in Occwl willcr or wC( .wn(l. Thus, tic design is
pirssivc with rcspccL to .ufcly, Subslilnlid [cs[ing InusLbc pcrfonncd prior LOqualificwion of the hidw~c. The
iksign issues i\rC (hc survivability of Ihc A(’D :Ind lhc fuel during launch UN-I Ilight C:IUSC(I by l.hc :Iggrcssivc

i]i.~~l~r:)[ion LIIICIvi brmion loads cn~(mr~icrd. Rclioh ili Ly is II Ini]jor corrccrn, ils il illwilys is, 011 SpXC hm.hwrc

d~’siglls,

‘Ilc (k’si!:[l ol Ihc A(’D is a SIIIOI1 por[ of III(’ t’fl’i)rl bring done on the NEI’ Sl)il~c Test l’r(qym for ti~c Air I:orcc hy

:1 Ioin[ [1’:im 01 Amcriciin :md Kussi:ln cng~mx’rs MI(I .scicn[kLs. The ACD h;irdwiirc design IC”OIIIIMS worked very
cl(wly N IIh Ihc m’mronics IcnnI of p~wxmlwl Irom Ihc Rcwtor Design and An:llysis Group (N-12) M LANL. Wc

cslwc”i:llly :ICkIN)Wl(-dH$ J(w S:]l)ir, 1101)Slrcl’llnm, Denise I)clowi[z and hlikc 1iouL$ Irolll lIUU group. Wc h:ivc lmmn

influ~’llcc(l ~rc:l[ly IW l{oy t I:lrrnl:i[l ill](l SwS:\n VosS from d]c Advwrccd R(hii~[or S:I1’LmIyGroul) (N-7) LitLAN I.; Ih(-y

III: III: I![ls(I III(S l)](xlil’i~i)[io[]s portion” ot” [111sIVOIk, ‘1’I)Lswl)i)lc T()[);ix 11[(.:111],k’(1 hy l~r:lnk I’110111(”NI NMIII{I, iill(l III(.

l-’l Ij:l)I SiIl”lmIy[~.iilll, k-d hy Ai hlmh:lll, S;illdi:l N:llitm:ll bhoratory, l]i~v~ grl.:l[ly inilucnurd (I1c work dOIW I() dM1’.

“llw RIISSI;III scicnlisL$ WI(I cngim-rs h:Ivc c(M)pl’rk)lul grr;l[ly ill dcs(’ril)in~! il[)(! suggcs[ing (Ic[:lilcd n](xlific:][ions.
Spcci:ll II):lllks 10 Vl:ldinlir Egon)vicl) SLol)ksltmvilll(l I)cmclri Shllllloff, WIK) dl.sign~’d lhC ‘1’op;lz. II rcxh)r illl(l V’llo

II:IIL. IN’(I1 such R(MxI colllr:ldt’s iu :IIISW(.I IIIK l’ll~inccrillg qucsli(ms.

Nl~l’ Sl):wC. ‘1’cst l’ro~r;llll l’ll’llll)il)iw~) NIILIC:II S:IlcIy ASStlSSnICn I,Novi.mlm 1’)02, I)y Ihc ~1.S. ‘1’t)IxIY. II I;ligl)[
s;ll(.l\ ‘1’(’:11)1,

‘1’ol):lz (101)1{, 11.S, AiI I:orcc l’lIIllIl)s I.:ll)ol:llory,” Scl)lcn)lx’r 16 & 17, l(~02; Vicwgmgh l’il~”k;l~~.


