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ABSTRACT

A Elass-cetamic-to metal pasllag
thcimology patented by Sandia tational

Labaretorias, Albuquarqua {SHLA) was deve lopad

by HRGC-Hound fer wss Lo the manyfactuce of
veapon components. Sutcagaful Leplimsanitation
attractad incrsasingly widasprand wrapon uas
of this technology, "S-glaas” ssanufacturing
tachuolegy was transferred o commercial
vendors te anducd that wespons production
schedyles would be met jo cha coming vesrs,
Such cransfar alwa provided sgurcas of Lhis
Fledgiing techoology Ear the Depaccasnc of
Dafanss (DOD), ssTodpacw ant abbexr comaercial
uzes. The stupsd lovalewd in che tachoology
ttansfar ars doscribed, from the Llunicial
cocparzeiva Jevalopdent wotk of Ssadls and
Mound scitoclacs and technologlens oo the
Lidal phase af qualifying commerclal wendoes
for component sahufgstyce.

1HTRODUCTLOY

Technology tzansfsr has becons {ormallzwd
in cocant yeath. A fore of techoolegy
tracafer has long axizted within the InE
complex of intagracad contractors, Tha
devalopasnt of "5 glass [echoclogy 3t Sandla
Hacional Laboratories resulted In the
customary intarigency tachnology tranafer to
the Maund produyctloo facllity iz ovder Lo
accompliuti & wisaion, That very loaportant
transfer iz brivily alluded w2 In the
followlag secrisn., The majoar chrost of this
papes 1y To dascribe che steps talken to
teanafer the manufactoring technelogy, as
devaloged alt Mound, to private induscry. The
piogiam was spesific in Lte scope, concalvad
by parsces ibvolvad with 1 necassity and
carvind out for a gell-sazving purposs,
Certaloly tba palizlias of rhat mare Eotmalized
achnolepy transier phlliosgpiy wele
ackoowledged, and khods iz the private ssstor
actoed to gait chaTaErom. Tha readet oAy gala
'la: ight fxo= thls caas hinstory,
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BACKGROUND

Eincriicel fesdthroughs are zequired to
carcy cucsent from a power sourcwe Inte
appa¥atus lsolated within a contrelled
eovironmenc. Humeroud devizes which loclude
this Eenture arw usasd in the gensral
eleckronics industry, wlech specific
adapeactions for uze la wespon aystemis. Tha
Extdhrough concept provides electrodes
encapsd within an dniyiacing oaterial which
sdparated cthem Erox one another aad froo any
mekal housing., The insulaver i3 alav a
stryetutal barclex providing sovironmantal
ixclaclien.

Pevalopaent wortk done at Sandia Herlonal
Laboratories, Albugoetque Tesulesd in che
avard of .5, Bacenc Moo hy414,282
"Glass-Carasic Seals to Inconel™. The patent
teeches that the partispler glass composition
bmown aa "5 glaas, will bond ta high nicgkal
alloyy when malten, thyns forming = scroug,
hermeclic {gaw tight) sesrl., Furthersore that &
dafiund thegmal trescnant causss the glaas co
ecryscullize into a polycrystallins mararial,
Knosn to Cachoologlsty as & glass-cataoic.
The contcolled crystallizacion produces =
mpterial wich a thevsal sxpadsiso ahieh
matohes chat of che macal, chus foredng 2
dutabla glass-cerimic-to-mekal agnl.
Feedthrough devices ap made with propar matal
allaye arve axceprionally stveug. The "3©
glassscaranic ia twice ad wireng snd ghras
times toogher thac glass. The macerial ia
alve 40 szcellent indulacor, with dislaceric
breokdewn #irength measyrad at FFQ0 volta per
ail, "5" zlaxs esahnoology Se 2 varmacylar
abbraviaclon whigh i5 undazatood %o dmpcrlbe
the pacticular jolning of cortatin nekaln to
che “z" glave (%laws-cmcamic inaglakox],
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advantyges aTa tenlized
manublacturing of feeadchrough
uaing "3" gless technology. Ao wssenbly of
mubal pi#ca paris 13 quickly wads o & holding
Eixture, Tha lolcial glass part oewda bw
oathing wora than s convenlant place of proper
seight addad to cthe top of the asssmbly.
Hultlple asseabliss contelned within en
ataaphspd-contrel iad furcacs acs
auvkomatically processed through a
nl:rqprncilmr-ﬁm‘ll‘.tullid thatrmal eyele. Upon
melelng at LOOQD G, che glase flows iaks Lhe
aetal housing, Eilling all apace while
affscting & chemical bond with the matal
sutfaces. The plasa [lows through 4ven tiny
openlngn, 4nd coemplex geimatrieos are achleved,
whils solding the alactrodea fimmly into
platu, Lower cemperature hastlng stapa cauas
the glass ko eryscalllze and form the
glass-ceramic material; the metal housing can
ba pracipltation~hardensd chrough snsulng heat
cteating ataps. This whoia process ia
completed in & single furnace cycle. Sealed
parts are ¥mady for machine Elolsbiog, Betal
cleanup and selactive gold plating. The
manyfactuzing process 1s copt-kffecciva in
that Lt ia not labor lotensive and yialds aa
high sn 33% acd veallizwd. Demoudtraied
functliop rallabllity exceeds 9998 Iindlcacting
that only two componants are arpacied te Eafl
in 10,000 uweles tesced.

Sandia designecy wtilized the pove!l
tchmalogy to craata componenty of axcepilonal
atrangth snd relisbilicr. Thess wvate headers
ysed o couradin axplosaive avents in ignicars,
dutonakbors and sckuaters. Such Elnlshed
explosirs products are fabricated for the DoE
Weapoos Gomplex by che Hound Flanc, or by
subconczackory respenslble 2o Hound.
Feasibillty demonstrated by Sandia werk
tasultad Lo a program to fully davelop tha nNaw
Teaders into viable componants For WJaepen Ui+,

Accotdingly, a Jaing effort accurted to
affwct inftcagaucy techwology cransfszr befwesn
Sandis sod Mound., A W3 yaaT RAD and teatlog
paricd ecdund whmreln detalls of design, "5°
flass compositicoal epeclfics, and progess
pacametarsy ware derivad and apecified, A
great Jeal of mciencific undetatanding was
avolved by Sandls. Heund concentracad upon
preductionizarion mechodologles. & notable
athinvement was the sgquisiclon of & qualified
aeurce af the "5" glass. By workiog with a
commerelal appplier, lacgel quantities of tha
specifled homogenous "58" gihss wars preduced
in cystow-made glizs caztings.
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Tha progras Faiulted iun production i ewc
"§" glaaa headece plos signiflcant developmmnt
of sxveral more slated for production, and
desatdtretions that more componante of warping
gtomaceles wore wquilby famaible. The
succesaful track vedsovd attracted growing
lacazeat in the noval faedthrough product duch
that &tdpd t0 axsnze & contiousl eupply uiia
oecAdaty, In parallel with Mound's wpgrads
of manufacturiag capacity, & majer program waw
fnlciatad o franstet tha manufacCuting
cachnolagy to grivets lndustry te anable
¢onceas b manufacruring of haadars by thoae
auppliaes that becamws qualifiad fac ghia
pracuTamEnk,

BROGRAH DESCAIPTION

Prior we any action, the conmcept of the
propossd maoufacturlog cacknglegy tramaier woa
presenced to top managasant in the DoE, 5endias
and Hound otgroizatlons, Thix conf{road that
oc interescs would be violated, ladesd chat
such trapafer would be in keeping with
policlies %o procyrs agrvices [yom the priveta
saskar. The svowad goal wea to cultivats
multlple competltive sources and obviate 3ole
BOUTCH prOcurdmnt, Tha propossd vemdors
would be qualified o ssouisciure designsted
coaponenta io kexping wish quelity ssavrancs
and procuressent requirsments. Componenty
dasighated for memufacture would bk thoas
proven t2 e manefaccurable via Mound's
developasat procadures,

A tazk force was Eormad frpa paTeinanc
dleciplines of: PFrocureoent, Qusllty
Afsurapce, Prodock Hapageoenb, Frocaad
Englneeriog and Cecamic Davelopmeat, This
proup Eommulated and cacried out tha
manyfageyring cransfat program.

Proapactive veadors from U.5. ioduscry
werd sought on & seleckive basls, Limiced
TH3C0rCen caumed & swarch for pocential
vandors Eros thods flzms that hed sperience
in slmilat oenefacturing and had become kpowm
to have more then casusl Lotarest in the Onw
technolagy. Thra4 such EoUTCes wers uasd,
1.4,, those ILoms that had chiafowd licanse co
the Sandla pavant, thoys recorded ap
pactleipanky in the mace gensral technology
transEer prograc apoosorad at Sandla, apd
thosw firms thit had msde cooventiomal ceTamic
hwadata for Mound or Mopnd sub-coatrackoes.
twsnty-slght compatilas, thus identifled, e
oocified of the program by wmail, and reqeested
ko TEkurn AWOrL Anawers to & survey of
quastioos designad to asassy the suitability
of thair facillcies to sogags in the propoossd
nctivity., It was polnted aut that & growicg
satkat axiated withit the DoE, and that

knowiedge of the cew rechoology csulo apply co | |
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Frof tha easponsas, Few companied wers
Judged te he lnapprapziate For "5 glass el
masufactute and wate 4o notified. Othars
dacliosed furthar intexest, FoycCasn coopanies
accapted an inviwtice to swod eepressntatives
ta Mousd for a one=day saminet., A total of
thizty people sttonded, repressncing coopanles
wlith #l1 lavala of axpariance in contrack
dzalings wich an agsacy of the U.5.
Gavernment.

The buslatas side of the aemiuar covecsd
those adpacts of précureseant regulaktions and
qualicy sasurence requicemence, auch that cha
potential vanders vould vnderstand the ceture
of audice and complisance gutvays attending
ponmible Euture contracte, Technical
presentations wire given on the sciences and
cechnology of "8 gplass Exadthrough aeasling,
and o0 the manufacturing procasa gaed at
Mowad. It wanm packiculstly waeful co touc che
pertinent prodyckion facilicies. Abtesdess
aaw flrathand thap preducticn parsonnel
operakting roallsric squipment were fadesd
prodocing yeal praduces, It was impartant
that Ehe products could be s$4en in Chalc final
gualicy forms in orde=r to appracistes the
perantial chat could bt Tealized {n thelr owm
facilitins.

The seafnat & ttandees wate bricfad on che B
Futyze plans of tha program, It was polnced
guk that the vendors would sake a cootribotion
by Enbricating some wmits in ordat ta
demcpatrake cheic own equipmenc and
Cadoutedd. Glvio twe wekikid for the attendess
%0 Teport and the veandors €0 conildst, &
sacond lettar wms senc, Additionsl
loformetion was included to clarify questiona
that had sciaen ac the semdlvaz, A cespooan
WAS TRQuEdted 48 to whether tha vandors wlihed
% sontigur wlth the pregrem sod receive
of-8ite viales by taak forcs Sewbeze, MNina
companiam vespondead praitively.

Tra farst tess of Houwnd pereagooai
teprepaniad PFrocuresnt, Quality Assurance and
Ceranic Techaclegy. Tht purpes: of chet vlalez
wnd Lp ayrvey sach vendor's concract
pdministcacion system, guallby conkrol
capability, and té wmamlne the fabrication
equipment/ptoduction Eacllity. Inwariably,
vandoT persgoonl, Gok a4t the samizac, sanied
sourca Laforws tion. Hini-seminsTe WoTE
extenporanecusly tallored to meel thosd
lngulties, ODiscusalons centared on Che
suitabliley of avsilabls squipment. A9 &
renulc ¢f this visic, one firm concluded chat
thay could not techniezlly parform and
declioed furthes patticipaticn in the program,
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Tha remaining sight fiyma recelved
drawiogy and procuss manuals detalling Hound's
procedots Lo munufactuds one selected header
to asst Lhe product specificmtion. Tha haadar
salacted was-faizly simple but sequired full
processing to fome the swal plos mecal
ceaditioming, snd reguiced [Lulsb sachining of
metal aod glass along wich selectivae gold
placing. The compomant was in produccion at
Hound, ghus thare wee smuch sxperienca la its
fabrication and avaivation.

The sacond cesm vislk from Hound
pacionndl io¢loded process soginasrs, sxpart
ir all phazsa of the manufacivclng decail.

The putpose wae to charify drawiagd wod
protesanl wilth veador persoonel. An icportant
aspect wad to critlque the vendar's
fabrication pians and to coutssl om The
chacacsieciacics of the diffecing kinds of
aquipssnt that wers svaillable. Each wendor
wad piven & quantliy of plecs parta drawn (rom
Wound's producktion sboek, Tt wid ldportant
that knowo geod piece patta be wsed iest the
pedigrem of thona watavials cloud the
avaluatios of the vendor’as procassing
sapabllity,

The vooders theo seb ouk to fabrleate tha
proveacrie wits, JIo ordsr B0 JdamondEfate
approved capability, Mound vequicad a $ocal of
fifry wnits processed Erom ak Leadt thews
sapatate furnace seal cycles. The vandors
apda their contplbutions by producing the seal
fisturing, providing the labav and the ahap
faclliviss Eu fabrlcace the parte, Turlng
thig peclod, Moynd anginawrs wers frequancly
consolitad by phanw and Nournd peviormed fivst
article svaluations of wubwitted speclodns.

Ppon cuctlpt of the complated prove=in
lots of headers, Hound parformed a zomplatw
svaluatice of the predwcks. The cholce of the
proave-in hdar cypa, 4 Mound-manufasc boced
ltem, waa jmporcant in that ernluaticony wers
facilitated by the fact that all of the mique
EAEad and Enak Eilxturing existad, plus
experhence thevewitk, ALl prodoct wai
avalyated for Jimenaional snd tene pacformance
accribuctes as dooe for Mowmd produced unike,
In addircion, characberiacics dependant upon
PrOCENN pATABMLOTY watn wvalyated via
tachalques known from conponent developoeat
worh, Each vandor way spprised of the
svaluation veaulea, Specific atecibures
failing to mwac the preduti deflRlikice dece
iodicated, with probable cavae and corcectlve
asggeacions conmubilcs ted,
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Thren vendors failed ¢o prodoce prove-ia
lots. Tack of wnlecable squlpmant Caused bham
e tammine e thelr offarta. Thw flvae
rampining vandoes submittad Finichad lorsg
aich showed & diEEucent dogres ¢f workoanahlp
in ghe varlous categorlos. The discrepancziaa,
o8 foend in mll of the vandor lots, were not
fondamental o the process and cquld Twadily
bt correcead, For instance, dimenslonal
control end sucface finiah ueca saeon ay mlner
faylts derived frem machining practiss,
Indetd all five veadocs axhidlied wolts that
wira parfactly functijcoal. As & result, all
five sate desiprnated as "approved”
sanufscturars af the 3" glasa feedchrough
products,

Tan months elapaad from the clow of Eha
gamjoar to the completlon of the provesin
avilustiony., Attalining cha "appcoved” scakas
of five voudara was & wi jor ewllestoce of the
tachaolegy transier program. These
sdtufsctucers had deponstrated chalr sbiliciss
to physizally copa with the required cechalcal
phasen to praduce Cha #nd product. Caping
mazna thac while all of chem prodyced che
glaga-caramic Aanls, aome foond 1t heawszary
ke subsontract the gold platlag and/ar some
machioing. It wad cooyidered probible that
all five wendors could ba z&lf=-sufficient in
cthet voamercial suppliary of the matal pleca
patts and the unlqoe ™5" glass had been
«stablighed and uaed to supply Momnd's oeeds.
Tharafors, thess vendors could avaka thelr cwm
makefbuy ducimiond and cariy out ConLrect
wanufacturlng eaing their cwn quality contral
progeduzes co furnlah compemanin o oeat the
product specificktions,

INFLENENTATIOHN

The naxt cask L to fimaly wotablish a
mysbatr of approved vendars that will wholly
patfomm as 5" glasn component mepgiacturecs
L3 supply HWoxnd's procucenens nesds of daflned
vuslity, quantliy sud acheduled delivaries.
AL thig writing, sach of the [lvs appgaved
vandors is angaged Lo contvacts o fabricats
speciflc "5" glaza=catamlc haadexs. The
tandagy ace the first of twe kinds, Dow being
made a4t Mound, chat have baeo chosan for
contyact wmanufsctuce, ‘Yhe pressnt contracts
ars for small pilse lers that will ba
usssesated to snsuce dealgn perfacmanca. The
vandars azh Téguired to parform the complaks
Job, weet draving cegolraments and ptovide
avidancs of compliagcs wikh gprocaas
paTamutesy,. Thoese vandors asecing the
coutract requlzessncs and vhoss produck
satiafies the use-tasc parformacce will b
“goa LlEied” o mapylacture that spesific
component. Futare compondnt types far ootalde
manyfactuce will probably be addvesdsd in &
wore wfficlent Eashion., Reguetts [or quotas
will go to all approved wenders, for 4 pllat
Loy plar & produstion lae, —The -sucsezafal
avirdes will Elvac sstabllish his ataryn an
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being qualliled to maka that kesdar via Ehe
plist ok, them procesd to make the producticn
let, By judiciously applying prscuremanc
lacitwds aa Futuew pltuations wmrraot, 1t is
planaed cthat & emall endre of dapiudabla
veoders wlll be astablished,

It oust b pointed omt that Lt asema moat
deairable t0 hive & small nomher of consleteant
4 dependabls vandora, Hownd’s techoical
ataff §{n limited, and should not b impacted
by & latge demand to locertacw wich aveside
duppliace. Tha veodoes showld realice
benefita ic chac Koumd's cootinuing axperienca
may ha kransfecrad to ioprovs sha fabrication
of Mound parca in theitr shops. In addicloem,
divaros anslytical resources ace avellable at
Hound eo direct Ln the solvieg of produccion
Frocesa problema,

SUMHARY AND CONCLUSION

Succassful tranafer of & noval rechnology
var mady to privata foduagry. Fellowinog
intaragetey tachnslogy trankfer fxom Sandia
Makbicoal Labesatotles to Howmd, slectrical
fand through hasdavd ware Jeveloped For
preduction. A PTOETAR L0 4itablish concrect
vendors was conducted by & Hound task forge.
Sniactad potantlal vendora ware spprised of
the new cachovlogy and lts sathet via &
Neyod=give seainar and by vendeors=gite
perscnael cootaicn, Inptectdied vendora
descngeravesd thelr capsbilitfes by fabrleating
unicy for evalustion by Meund. Fiva vandors
wvars muccadafully approved for fugurs
Coakracting in that Chey wats soen Co ekt the
raqulr+aants for comiract sdminiacracion,
Yualicy ¢onctol and techolcal abiliey,

Currant labricatigna by shess vondora will
satabliioh theds quallifiad to wasufaccurs
deslgnated colponants vis competicive awmtda
for production procuteasnt,

A flnal Cace worth owting 13 that through
owr comawlcatlony, at laast tve of Ehe
wnlacied vandors have aleeady buwan aogaged in
oaking demonatiation Jevices Eor cecaptive
vatkurs in the Dol and MASA.



