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Wê dêsörib'êaiiarêhitê'ct.Ùrëêt:fuprised 'orthréê
'rnièropi'Öcèssor -bàsèdêxpêrtsyst'erns, êàêhoperàt ing-concUrrëntly
H'i âreàl""t.iifuêprÖëê'ss 'cont.rol enV:Lronrnêht.Thisa i'öhìtèctUrè
hàs hêêtia.i'pliieâtô'tl'rè" 'contrölol,.. ànâut'òclâvê. , Early.. !êsul t:s
'årè. .. ..ericotlragittg: ,. ". ,suc(:èss:ful. cUre 'of ..;2'56 -ply.. ." 'carbon""fib'e.r
lam iIlà h~s ..t.râditi'()hal1yrequir~s ûp .tio .twel vehours .o.f 'cure. time,.
whii1:ê ... the ..kriôwle'dige~asecreated for the. 'concurrentarchi t'ecture
hassÙcceSsful1Y'ê:ureâ thê 'same laminates re:pêat,ablyin three
hoùrs "

'I'wo 6ftlieèxpé'rtSystefu's arè implèmented 'oh M68:Ö'ÖÖ""bàsed
cÓ"''prdcêss'Ór'sohàh IBM PC""'clàss 'computer" àridthe 'thtrdê.xpêrt
s¥,'stèìiis:Ptrp!i'êneihtedin t,nêpc:lt'Sèll.Eâöh 'è!Xpert iàyst;èrnis ia
versiOn of 'tlie i:FÒR'ÎH",bâSèd JEXtpERT ""5 "runnI.wg 'a'è!'Uà!i!i tati Ve
prÓèèšsslteii làngUáge '(QP1U, ..and .akhow)l è~igê basè :sUi t-éd . to ...the
p.rÒcess.dcontrol.... '.' 'tiask..:, ....... 'The .pè:~based.e2CPertsysternserves..å's .. ..a
bi'aÙkboard 'monitor, 'cohtroHin'gcòmmunièa'ti'ons between the 'èxpert
sY's'tèìisthen'láè IV'S:š', 'and bètwêen process ,'s-ehsorS" àutOclave
'cön'trÒls.àhd'thê 'è:xpe,rtSys'tièms.

This 'worki,š 'sÙpportêdbytl1è '0,. 'So AìrFoi'cé,MI:T iand 'FÍ'G
!iàbÒratÖriè's, \Wiri:ght"-JPâtt,èr'SOh iAF13.

'SYSTEM 'oVERvr'Ew

'Areà~-""t,!iJmè prÒ'èêss 'eontro!i 'system hàsbe'è'n 'constructed and
test'èclw'it'h ia5'màl.!l 'àÙ.t'Oc!VàVè iatVhè'MàtèrI.'à!i's 'hå'bÒratory ,¡it
\W'ri,g'rt.., '. ;P'át~èr'áoh'AiF:B. . ....This.. iprÒceds5 ..... 'cÒntrÒi1'er .'applies
qua1.1 tatiVep:rocess.. "theory.. ((QP-'ilheoryi) ..ir!Forb~.síf5-~. to. the ta'S'k .'Of
dètèrìii!tiitì'!g 'curi'è¡nt 'states 'ò:è lth'e ;pròcesià ¡andâ'èhiêVi''i'g igo'al'
il'ti:èC'tlreu!fà 'èàPbO'h ",fibèr1Lârn'ina'tè) '.

Thè,p'roc'éssèonti'Ò!i!ler "årcin!ltèCtui'è 'divides 'the
ls'sÙiWg ;ápprò:p'fi'at'è 'commands t'O'thèau'tdcl'svè l'ntÒ tMo
s'ù'btà's'ks ::
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:. :še'nbè'nc'es "lfrofutJhe Idàt'à iaèq(Ütlsiti0'ht!:'àrd 'ana, determi ni ~'gwhti,ó~
.'š'tàt'è's iCè Jg. ". ". ;prdèÇèšàès;) ". (a'rè.iâ:ctivè:. ..... This ..aìioul'ts . tio iâetè'rrni'n~i3Il~
lithè (p:rè'èòndiiti'ohs:Èòra :giVel':procêss 'àÏ'êâetivê 'a's 'ê'V!i'dèncèd
b'ytiheJJn,pu'tš.t''tèafu. iA:p'roèè'š!S .i;srè'prtèšêhtèdin, ;~ENSÖR iFÛSlÒN
â'så:fTainé ¡tMin5'Kv7:5~ "wlt'hpreceiáditi'òn's '.!md 'è,ffèct:sas .tprllÌäry
's'lÙts.
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'is'š'ùiitlg ilt i st'hès.ubtask ò,fcÒní:párihgèuirrèh it "gOals 'tòt.hè
èi:r'tèl''t 'st'aitíè .dèfine? :bY~h.èParsè.t'yahâ . df'iJndlhg a:'l''apprÒptiåtê
action t/hiröugh 'mêans -ènàs -àha'l:y'si's IrIDRNST69J.
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A blackboard (HAYES-ROTH85J serves as the vehicle by which
the parser and thinker communicate with each other and with the
outside world (autoclave). The three subtasks - parsing,
thinking, and blackboard management - are assigned to separate
computers operating concurrently on a PC bus . The PC serves as
the blackboard monitor, collecting data from the data acquisition
board, sending commands to the autoclave, passing information
between parser and thinker, and communicating with the user at
the terminal. The parser and thinker each are separate M68000-
basedcoprocessors (HALLOCK85 ) with one megabyte of memory.

Software is implemented in FORTH on each processor. The
underlying shell is EXPERT-5 (PARK85) which implements a FORTH-
based production system akin to OPS5 (BROWNSTONE85), together
wi th tools for frame representation, and a blackboard.

SOME PRELIMINARY RESULTS

The two figures show the results of a cure cycle. One
figure shows a typical cure cycle with the QPA system, while the
other figure shows a QPA-driven cure as compared with an
industry-typical cure cycle; QPA achieves full cure in about
three hours as compared to a typical ten to twelve hours for the
same cure using the industry time-temperature cure cycle.

These results are prel iminary, but indicative of the
capabili ties of QPA. The cure cycles are repeatable, and
physical properties of the components cured under contröl of QPA
are comparable to those achieved with the industry-typical cure
cycle. As such, we believe the results achieved thus far are
encouraging, and continued exploration of the capabilities of QPA
are under way.
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