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ABSTRACT

The AntaEa C07 laser facility came on line in November 1983 aq an ex-
perimental phyaic9 ‘facility; it is the world’s largest C07 ‘l~ser fusiol
system. Antares is a major component of the Department of En-ergy’r Inertial
Confinement Fusion Program.

Antares is a one-of-a-kind laaer system that is used in un experimental
environment. Civel\ limited project funds and tight schedules, the quality as-
sumnce program was tailored to achieve project goals without impo~ing oppres.
sive constraints. The discussion will review the Antares quality ussural.ct
p=gram and the utility of

The concopt of using

vafious porticns to completion of’ the project.

INTFIODU(,TION.—

high energy llght pulueo from laaer systems to arivt
fusion re&ctionF.dates back to the-”curly l~60s. !ixperimentnl‘[”ullaibility o~
fusion became poaeible in tho lute 1960D End early 1:)”/0swhen the development 01
large, scalable nolid state and gad lu~er sy~toma Liomunutrnt,cdbi~ machinee wer~
a reality. A generic latiersyutem for exporimentul l’usion(Lpplicntiouia uhow]
in Figure 1. A pulse of light tipproximately one nanosecond lor,g LB crest-~ 11
the short pulse genarator. The energy content of this light pulu,)is ~r ~lfi.e(
many ordere of magnitude us it pu~ae~ through a aories ut’ ligllL Hmplil..!ry, ‘i’h~
main power umplifier, genernllyr rapreuenla the mo:lL rccont. :It,IIt.o-c)I’-t,tIct-/Ir
confi~uz’ation. After amplification, tho pulLJo is riiroct.,,d into u tnrget [:h~lb~)
where it is focuned on the tnrgct. ThG three :lubuy:]tem~, :]}lort-puluo ~;unera to,
und proumpliflora, power nmpliilers nlld Lurgot :]yut,cm, ure utulld ulotlo item~
l’he~e ax’? integrated into the (:omplete .lu:!er uystom I)y Ll)o {)ptJc[ll Iilld (:orltro.
:JubsyatcmB.
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In the target chamber. the microballoon targets are
besmft,causing ‘tieInner a-hellof the target to-implode
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struck by focutied las’
and compress the fuel.

This comp~asion must heat the fu~l to at least 50 million degreeo and must com-
preaa it to densities a thousand times greater than noxmal, all within tril.
lionths of a sacond, before the target and its contents fly apart. Because the
maaction is contained by the inertia of the target, the process ia called iner-
tial confinement fusion.

THE ANTARES SYSTEM

The Antarea ayetem mpreeents the fourth generation of large, high energy,
carbon dioxide gas laeere developed at the Log Alamoe National Laboratory fox
fusion application. Ae with development programe, elsewhare, the initiai
machinee were relatively small, simple devices to provide proof-of-principle and
aemed as prototype for future machinee. The Antares facility shown in
Figure 2 is the culmine.tionof a fourteen year effort in large CO: gas lasers
at the Laboratory: it waa a Congressional line-item construction prrject author-
ized at $62.5H. The laser hall housing the power amplifiers is t.nehigh bay to
the ieft rear; the bunker-like building to the right is the target building.

Antaree is deei&ned to provide 30-40 t,:rawattsof 10.6 m light on target
with twenty-four beame in a one nanosecond pulse. Two power amplifiore
(Figure 3) provide the required output energy levels; each ttmplifieris seg-
mented jntG twelve channels. The typical output energy from an amplifier con-
aiata of an annular array of twalve trapoaoidal-ahtipedpulaee. A burn pa’’~rz
on photographic paper from the nmplifior output is shown in Figure 4. The powel
depoeited in the photographic paper is 12 terawatta with one terawatt per nzc-
tor. In the tnrget system (Figure 5), un ~rray of flat und focussing m~rrors
separate the twenty-four b98.MB into ~ix groups of four beams each to irradiate
the tarEet symmetrically.

The earlier laner uyetem~, much smallur und leua contly, weru primarily 11+1
efforts und required tJminimum of quullty uuaurmnce (Q.A.) in their conutruc.
tion. I[owever, tho funding nt’ttureof tho Antareo projoct und itu comploxit~
dictrtod that tieemploy appropriate Q.A. meuaure~ to unauro u ronuonablw una
product. The ourlior projects did contain critical elomenta of quality utiuur-

ance although not in name and formal utructurw.

Ant~m& in a complex nrrny of technicnl diucipllnou, dmI)igmJund procure.
monto - ,11!. raquirin~ different omphaeiu in CJ.A. In Antnrou, !-oroxnmplo, CONL:
fur procl;romel,tnw~ro dividml up ftpproximntolyntlfmollowu:

lllln~cl Vendorn (!olltn..—,— ——
Gruutdr tllnn*1H H m
llmtwoan$100K”t’nd$IM ’50 10M
I,unt! thun $100K” ;’00 IOM
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THE A.NTA.RESPROJECT ORCAMIZATTON------ .- —.- ----
AND–QUALITY ASSURANCE

Successful Q.A. depends on a well established project system, one in WhiCh
.inea of responsibility are clearly defined aa well as pctential interfaces.
‘he Antares Project fomat is shown -in Figure 6. .The format represents the
.imt level of a system work breakdown stmcture (UDS); elements are those of
zhe system, shown in Figure 1: front end, power uplifier, target system, opti-
:al system, etc. The support functions euch as scheduling, documentation, and
[uality assurance are attached directly to the project office. The buildings
!ere conatmcted by the Department of Energy who waa responsible for their
I.A. Our project facility engineer played an important role in ensuring that
;echnicalrequirements werw folded into building constmctiou.

It is generally recognized that the Q.A. function should be independent of
>roject❑anagement; the function is that of an independent auditor. The con-
structionof such a specialized onk-of-a-kind facility is often closely tied to
:oncurrent development activities ag well am cangtrnintg of fundi~ and
]chedule; specialized kuowledge in these one-of-a-kind facilities is required
!vcn in the Q.A, fnnction. All of these factors dictated tliatthe Q.A. function
]e perfonaed within the
engineering functions as
r}wn technical personnel
.sed.

The project fomnt,

Project und aa independent of the various sys.ema and
possible. Whi.lcnot optimam, this system wor:ed well
underatond that their re~pomiblitiea were not comprom-

by WBS, clearly defined system renponaibilitiem,inter-
‘accfl,and support functions. Variouu system uc ]vities ‘thut impacted other

Iystems we= clearly visib-a; control ax,ld Communicut.:ona, u ,Jital pnrt of QOA.,
Ierecnhunced.

TIIF!ANTANES QUALITY ASSURANCh PLAN

Thn Los AIUBIOCJNutionnl Luborutory ‘IUS [’atribliahedqualiLy uaaurauce pra-
;rnma I.orhigh technology projectn ‘hut !~nvebven dcvclopcd over u number 01
FF!MRJ. Thn:le progrnmu doiuil 4.1. functionn und requircmwnts ~r)r tho moat
[encral projcr,tsundertukcn by tllcl,~lhorutory,AntnraH iS Mithuut Uign.ific!unl
!xotic operutionnl llMzanimIILIC:I no those that ❑i~ht tJaI?ncountcrudin experi-
l[!lltnlrlr ccmunerc,iulronctor !%sl[ities; conventional :]~futyprncticus uro c
:oIlcCJrn.I)cwlopmunt fucllik,.ir?nwhom ut:lLc-of-the-:+rt~:}lnNRfJuroprv~enta ~
‘Iuld ~tt)fllltnlctinllutut.r?. In!’omntiun is Conutunt]y upgrnded from operntiq
lynt(~m:l;:li~nlflcnntt:hnngecrtnkc plncc. Concrquolltly,tho ~:[!llorulLJ.A. ]IJUI
InH tt~ilorcd10 fit th~ pcrcrlv.tdticcdnof tha px-o,lccL ‘1’li(! f./. A. Illlwtlon ro.

Iid(~rlin tho l)rojuctf)l’rJcnlIOCUUIIUL)r thn :lprri~ll.ixvdknowlcd~(:roqu.iromental
‘he 14111)oru L(lry ~roupll renpuuuibl~’I’urthe Kunurhl Q. A. p.1/lurJ~~wp~XJCVU:Jprovid.
‘d t,hl.)~ulflflrlr. rl Ilt:(,pclfl[lry l.rJr Impl.lmrntlltiollulld contil.uution u!’ the oflurt,
‘hrJAntnll~llI’lnrlltld!pxi:l~lhuwtlin Lhe AJlp(!llrJix.

C}/! ’Pl(: Al, I;l,I;MEF!TGOF ‘1’IIEQ.A. t’l,A?J. . . . .. . . . ,____ .,__
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amwork and good communications, although not listed on any Q.A. index
absolutely neceeraaryfor the aucceaerof the Q.A. fumction and to the aucceasful
completion of any project.

We
for the

1.

2.

observed that the following elements of the Antaras plan were eaeential
aucceea of the program. The quoted aectiom denote text from the plan.

Establishment of quality control [4.C.) plan and office:

“2.2.1 Eatabliahing a Quality Control Representative
who =views inspection requirements, purchase
orders, inspection reports, etc., to aaaure
that necessary quality control requirement
are mat. This is implemented according to
Quality Control Plan for Autaresp AN-PD-2.”

This function waa one of the most critical. In establishing the Q. C.
function within Q. A., a formal meana was established to asaure that
apecificationa were met. This function was closely related to the in-
spection prcceaa; Q. C. was used not only to establish requirements but
also to see that they were met.

Safety Policy:

“2.00 The Eeneral’health and sfrfetypolicy of the
Laboratory is to provide a working environmelft
for ita employees in which the ~tandards for
health and safety equal or exceed the highest
industrial pr~ctices. Particular emphn~is
will be give~ to the protection of Laboratory
employees, the general public, and the ew
vironment from any hanrrwhich could arise from
Luborutov uctivlties us well as to the pro-
tection of government property from ac~idental
loss or damage. ‘L’O meet these ubj~ctives, the

Laboratory provides a staff of health tmd
nufety prulkrasionalstogether with the nccea-.
uary trnining and rcaourcetito ensuro cotnpli-
uncu with 1111 spplicuhl~l policies, c!odcs,
~tunrlurdu,und rc~ulutionti. The Antures Proj-
oct Of’[’ice:JhulltJerorJponsriblefor the!~?Mtab-
li:lhment,implementation, und muintuinwnce of
nn Offc!ctivu huulth, fjufwty,und environrnont
pro~rum for nll [’ucil.tiesnnd nclivitina under
th(!lrcontrol. All Luborutory pCIWOIIIIUi UIW?

ruuponuiblo ISormnintaininc thu riuk of their
u~:tivl,tiuunt ttlo lowent lCVCIH l(~c}lnic~Jly
nud tu:onumicu].lyIlchi(!vnhle,nrd l-orob:lurving
thu Lulmrutory’o huullh, uul’uty,nud euviron-
mufll,lll rwtllli]v!mutltuIn t;hl! conduct otm 1111
I,nl)urvlt,oryllp!!l”aLlonu flrlli pru~rllnr:l. ”
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Uhile safety may not generally be included in the Q. A. functiOn, l=
does appear hen. In addition to delivexy a~ a final pzmduct = had ta
asaum that safety connidexations were a part of the design, fabric-
ationand installation. Starxiazd Operating‘Procedures coupled with
hamili~ fixtures pemitted aaaembly of a aatlafactoxy product
minimum safety problems.

3. A formalized method of review and eignoffa:

“2.3.2 Dmwinga

2.3.2.1 Enginsefing Order Documente (EOD’S) shall be
used to initiate drawings in croup P-12.
EOD’S shall be appzmvsd ty the mqueater,
aubayetem manager, system manager, and gzmup
leader.

2.3.2.2 Drawings shall be appimvsd by the P-7, P-n,
or P-12 Croup Leader as appmpnate, the
concerned Engineer, the appropriate system
manager, and any interfacing ayatem’ man-
age=. CME9 will not review or approve
drawinga, except aa specifically ns.Iested.

2.3.2.3 All deeign chnngea shall have the same ap-
proval us the original design except as
limited by Section 2.0. I?ngineeringChange
OIders (ECO‘a) nhall IF? used to initiate
design changca within :’roupP-12 and dull
be approved Ly the P-12 Group Leader, Lhe
checker of tha drawiag(:. involved, and the
originuti~ cnKinnflr.”

2.3.3 Inter-SyatemB Approvals

The interfacing of dcaigns, teats, opcrution
und ❑aintenance netions Mffncti.ngmorn khnn
one system almll bo npproved by the :;yntcms
rntoflrntor, uffectcd Syatcm Mantifior:]:~nd
cMIk9 :lnd Hhull bc documented on Fonu
AN-IF-1.

2.’j.4 Duaiw Control

I)en~:;n contrul :)hull be wcump~ i:lhod by
kU!pin# tha desl~n current, wilh uppravnlfl
~or dnuign uutiu[”yi~{ Lhu vaquirumant:1 0!’
section 2.3. The mum rcquirmmenlH l-ornp-
provnlu utvill)lpplyto daui~llchnngen IIS Lo
tho vri~hul dCHJtill.”

eafa
with
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change control were very important from the fabricat c
delivery achedulee. We found that requiring approvala,
affected persons minimized errors. Critical to eucceam of
is the project attitude (twim effort).

Source Selection and Acceptance Testing:

‘4.2.2 On-Site Survey

Technical, Q.A., and MAT personnel may par-
ticipate in an on-cite eurvey of prospective
suppliers to determine technical, Q.A., and
contractual capabilities of the au@ier aa
required. Reports shall he formalized and
nubmitted by each contingent of the eurvey
team to Antares management.

4.3 Acceptance Testing and Inspection

4.3.1 Optical Components

Acceptance testing and inspection of optical
components shall be specified on the purchase
request draft by the requeator and shall tie
performed and documented by Group P-5 or arl-
other specified orgmi!zation.

4.3.2 Non-optical Components

Acceptance testing and inspection of nOU-

optical components shall be specified in an
approved plan or on the purchnee request draft
by the requeBter, if neces~ury. This nhould
be considerably detailed and will bo included
in the Procurement Procodure. Acccptunce
teeting und inspection shall be uccornplished
at the inspection nhop or another :Ipecified
facility.

9.1 lnspectiuu

Whcnuver :t iu neceuanry to vf+rirythut qual-
iLy uffcciing ltome nr :lcrvicc~ure in com@i-
unce with apccifimd requircmcntu, an inspec-
tion nhnll ho plnnued, cxocuked, nnd docu-
mcntmd. Charnctcristica to ho innpccted und
lnupoction met!mla omploym-1 :Ihal.1 k :lpeci-
~icd. When .lnupcctioniu for the purpoua of
Llccupldlllce01’ it12111Fl cl’ uorvice~, thu
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inspection shall be performed by individuals
who did not perform or directly ‘supervise the
work being inspected. Neither will they be
reeponaible to the immediate supervisor who is
reeponaible for doing the work. The personnel
performing the inspection shall be qualified
to perform the asaigned Inspection. The qual-
ification of all such’personnel shall be docu-
mented.”

Source selection waa done primarily by the cognisant engineer or scien-
tist by competitive biddirg. On-site inspection of capabilities served
to minimize inadequate sources. Commercially available items generall~
presented no problems other than delivery times. All commemial items
were procured againat specification.

Optical compo~enta were manufactured to tight specifications with se.
lected vendors. Q.A., in this case, demanded tiCht specification,
technical monitoring and quality control. We found it advanta{;eoust{
interface heavily with the vendor. Component inspection and inspectio]
reports were reviewed at the vendor’s facility before shipment; sucl
procedural corrected ❑iatakea before delivery. This action naved con.
aiderable time and frustration in that on-site nonconfonainu items wer(
minimixed.

Strai@tforwurd mechanical and electrical fabrication presented littl[
problem in source selection and acceptance teatinR. Proereaa and docu.
mantation waa generally monitored by the cognizant engineer. However
in II ayetem like Antaree there are a great many precision purta: lea(
acrewa, gear trni~m, flex-joints, etc. Satisfactory vendors for SUC1
components are limited; here, tha cognizant engineer ❑ade the sourct
mxlection nnd ❑onitored technical progress. Final in~pection at th~
vendor’s plant and additional checks ut the Laboratory were performel
by the proJect Q.C. ~roup operatina independently.

5. [pontificationand Control of Itcma:

“6.0 To uaaura that only acceptable items uro used
or installed requirea that.rnuthodsbe umploycd
for thciidentification of all itemo. The in-
dividual and distinctive identi~icution of’
ouch itcm wI.11lm phycicully on Lhc itum when
ponaible . When thin iu not posmible, docu..
montut.ionrIhullexist that iu diructly traco-
nble to the itum and which providen it’n diu-
tinctivo Montil’icatiun. ‘[’!liudocumentation
:Ihullinclude crouu-refercnco bol,wu~!npurchaua
ordur numbers unu purt or ~oriul numboru. ‘rho
:Ltem~without pllyaic~lldontxficution will he
cuntroll{!dby phyaic~l uepurut.ion.prucudurul
~:unkro],oi.h~]rokher appropriate ❑eanm.

—.— n.m—
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Identification markiw”a will be ~emanent, legible,
and cause no detrimental effect to the finction or
eervice life of the item. Whenever a ❑arked item is
auMivided all raaulting portions shall alao be marked
for identification.

Uhen specified by oodea, atandarda, and specifications
that include specific identification or trac~ability
requirer.ents(e.g.B to grade of material, heat ,batch,
lot, or other) such identification and traceability
control shall be provided.

Items hatiag a limited oparating or shelf life will be
controlled to prevent the inadvertent use of items
uhoae specified life haa expired.”

Heat items coming into atorea were gathered into assembly kits. Iden-
tification of parta made kit aaaembly and the consequent aammbly z
smooth ●:fioient process. Part identification allowed us to place
characterized items at specific locationa in the system. This was par-
ticularly important for components in the optical train; optical per-
formance can be predicted if the aurfacea characterization of compon-
ents is known. We used this to predict faced spot aizea.

6. Coutrol of Proceaaea:

“8.1 Procedure or written Inetructiona, approved
aa required in Section 2.3, shall be used.
These may include checklist, drawings, or
travelera to detemine that the appropriate
atepa are performad in the proper sequence and
that itmea such aa proper environment are
apecificd and documented. Acceptance criteria
shall be specified o= referenced.W

h’any component were units ansemblad in-house from af:semblykits con.
tnini.ngall neccasary parta. Travelers und check sheets were attachec
to tho units an they went through auaembly and checkout phaae.

SUF!MARY

The Antaras Project developed an in-project Q.A. lln”ctionwhich wau de.
oigned to aaure n workable product delivered on achodule. Aa8embly und teatin~
indicated that our Q.A. plnn waa effective. Drawing and Quality Cmtrolo provm
to be the moat important fc~ture of the Q.A. function. Completion of the Proj.
ect wan planned ,Forthe lust quurter of calendar yeur ‘~3; the te~k uhots ro
I)cpartmentof Energy Hccepkancc occurred on November El, 19B3. TarRet experi.
uenta ccmmenced on Decumber 22P l~W3. No major design l’nultshave uurfaced h
date. Sim:e December 19L!Y,ubout 50 t,argctuhota were l“lrod. Powers on tnrue
rango from ~ to 25 ierawuttn.
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Quality Assurance Program Plan

1. Introduction and Organization
1.1 Purpose and Scope
1.2 General System Description
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2.1
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Syateme Interfacing
Eng-DO/ilAInterface
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Safety
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3,,1 Responsibility
3.2 Design Control
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3.3.3
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3.3.5
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System Functions
System Design
Design Requirements
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Operations
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394 Cenrrnl Design llescription

4. !’rocurcment
1.1 Procurement Package Control
4.2 Source Selt:ction
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s. l)ocument Control
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Identification and Control of Iterns

Control Jf Proceasee
7.1 P ocedurea
7.2 Equipment
7.3 Pen30nnel, Opemtix

Inspection
8.1 PemozmPl Indepetience and Qualification
8.2 Planning.
8*5 Recozda

.,
Teet Control
9.1 Requirements
9.2 Procedures
9.3 Results
9.4 Reconla

Calibmtion of Measuring and Teet Equipment

Handling, Stomge, and ShippiM

Control of ?lonconfoxming I terns
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12.3 Disposition
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13.3 Indexing

Audits
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