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ADAPTIVE CONTROL FOR ENERGYCONSERVATION
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PRINCIPALIN1’ESTIGATORDONALOR. FARRiS

PERIOOOF CONTRACT: Begin 1976 End Continu@—. ——

O!3JEC71VE—.— —

The objective of this project is to investigate
the usc of adaptive control concepts in buildings #ith
solar-~s~iztcd heating, ventilating, and air-condition-
ing (W::) syst?ms to maintain occupant ccunfortcondi-
tions xliilI?minimizing auxiliary energy use. Accom-
pli$hir,gthis objective requires m nncrgy management
SYGM c]p~ble of making sound tradeoffs. Opti’nalcon-
trol theory is USCLIiilongwith a system identification
tuchnique to provide m adaptable strategy. The resul-
ting ovw~ll approach is known JS adaptive optimal con-
trol (AOC).

CO?lrFPT—..L.-

T!ICAOC concept can be ~xpl]incd with the systcm
IJIOCk IJiJT..I:nOf ri~. I. The huildinq (plnnt) rcprc-
;witz the nonllm?lr dynamics of lhc buildinq .M I?ntlre
}iVAC syst,?m, As control dnd exogl!nousdist’lrb,ulces
(b.q., outzld~ ;unpcr.lturc)~rc qjpliwl in Line, the
dvnwnic builriingrl!%pnnlittnd tho sL1:I?of tht? buil,!!ng
rn~ll!ts. Ttn? ~ppilv(iccntrnl, tnc i?xoq!’nouii~put~,
and Lhr i!uiliiinfjstilll!WI? m(?.1’.’lrolid~ i“i!:cllnn’; of
tin,,?.TIN!~omc,lcurndvdlut!%,lrflL.heflGZPII I)y ttll!!Ylnrtl?i
il!l!:!tif”i.tltlunblock LrJ ,~ztim,llcLh? p,lr.l’nn!.,!r; for d
line.lrizl.,izyr,tcm. This iln,?lrlz,!{i%yni,’m is valid
only in J rwjlnn ,Ilvl,ltthn opl!rcltinqpoint, so ,1zull-

,,~Li,~,llion of Lilt!p,ll.1’11,~1,)ritl!,:’l,~fl: wi1I 11P III,,JJI!IJ
wh,ll!Llw IJpI!rILinq polnl rh.ln!;,iztiqnifi,”,mlly.

111,1lin,)lrlzllli~,y~f,,:mp,!rwn,il.l!rsilr,iLh,IIIII\IPl by
111,:q}!im.11,:rnLrul (:lynp,ll..ltIijn b{ IICk LIJ ,hil,vnill!?lb,!
l:lllll. r,)l plr:-h~Lr~r%, rhlio;]Lim,llfIIIIlrnl I: I)IIIIIIILI!. IIJI! Is
pvrl’l’fwt,l 51) ,11 h) mlnimll,. J lJ,Sr.fI,r’.noIflI:I:in,!f$x, Thlr,
pw”fl.lr?lncl! Inli,!t1% -III iIItI~W’Jl 1111.IIir ILic fIIrIrI .Imi Itz
:,.l,,.:.; iql,l 1(111 Ifn V1.l LIIIIIi: ,)f rrl,)ln L,qllp, r 11.IIr I. i“rrrnJ %1’L
;MI!IIL1111: lJr,. I llt .llltlil.lry IVll,f ’,lv. [ll!,.111.,1~ ,,I,7U qf !hn
trlIiIIIItlp.lr.wl,,t,,*r,, ill Lh! Il,llml lll’:’l.llll”ll III I!, *( “Illly f h!l!lq,$

WI*. }I ,II::I:117,,IVP nplllli/lllnn I:(llnl!lll,.ll,i,]ll’,(,*,11., 1111!
p,!,.:, ,.:,.,1,,.,1 gl, n,llt ‘/ fllr rr),tn LIwIIIIr. ItIi I’11 I!.’v1 I:i IWII;

rm, at,,
1.-, !

supplied by the supervisor b,Jck. The supervisor also
provides a channelfor the human bdildiny operator to
conmrunicatedata to the system.

The optimal cur.lrolcomputation produces the con-
trol par~meters (gGins, offsets) that are used by the
controller to implement tt!eclosed-loop control. The
building then operates with this optimal control for a
period of time that wuulriprobably not exceed 15 min-
utes, and the process of m~dcl identification,optim~l
control computation, acd controller implementation
repeats itself. The AOC system is thut updated or
adaptedto remain optimal as the system undergoes
ch~ngcs of various forms.

SUWMRY-— —

This investigation of the use of adaptive control
cuncepts bcg~n with the definition of an HVAC system
mmiul to bc used for sl,nulltlonsttidi%. @ulldin np-

!eratlon was “lmulAt@q under cont?ol of a canvcnt onal
cuntrollcr that mnbodiss curr~nt slratqix and unl.lcr
control of ilnAOC conLro!ler. Sy5tQm pvrt’ormmc.lswm.,?
cumparod for both heatipg md cunling. The ho~ting
rcsulLs arc more compr’~in’lltivcml t.hizreport will
focus on thum. Dulh cuntrolicr% maint]inl?’iW room
tmnpwlltur!!quite well, Ttw?AOC controller; hu.ww,
dlli so with significantly 1c%5 auyiilary enfirqy,
Ovpendinq on SiMlllilkiOll CGndiLiOl15 tiw .lOC auxillJI’Y
Pwrgy ~dvlnqt ov~r the Convrmt!onlllc~m:rullw dt?ru,Ir
hi-illJS 51Z for a two-allysimul.ltlun,mi 35% for J
mmlh-lon!l ~lmul.]tion,

It mutt IN? rvmomlu’rt’iith.]tL!.o!irWI! sdvirq~ III
INlxlll.lry, Of’ ihlck-llp, VllI!?”I]y I.I1,IL IS II%I,,JNh,w LIIII
sol w rn(!rqy ty’ib’n c,u!nd IIIVI!Lthi’ hl?ltlng m’ dlr-
CIIn111[11InlnIIliomrwlli~,JlnnI\.Wtwn clnpllrinqCmtrl!l!or$
,1sWI!Il,lv l., ,1 Cl,llin of 11)[)%,,,IvII1,{-, In ,IIIX i 1 I ,lry ,vwrqy

m,lln’, N-tit. HII! cl,llmlnq cIwl LrI)llur ii AII! lU UPWJLV
1111’‘,ol,lrI!Iw!rIIy 5y%l IVllh mgl!L Ml! hl~JLin!l nr IllI.-
u)ll I{illollillf~ dIIl ,Illli WI Lhl)’ 1’. .Illy Im:k-up.

‘it.111,iill~qlll’’lilon of }Iftw !,I\@,Inccl)lltl,l~! ! II’ l“.
JIII,s10 m:hi,’vl’Lhl’.tt’‘Il}vlq”iIn ,IwxlllllryI’I!I’!”1.
rlvn.lln’.,rhl.,IIIIWW’ 1“! f~~.11.Lhlt A(Y I“lvltrlll 1,!1’ p“i’

vi, !,,., Il,s{lt,l” nl,\ll..lIWl,,lll IIf LIII1 ,lV,\ll.\lll I! ‘,~)111”, ,~,, Ill
I,ll,,rlly III ihlI 1%1 ilt ‘,llllli 11 iltll th.l} ,i,lvl~ll 111% Ilf
f)! ,1111 IIl.lr’/W1l’rlly,1111,.#I. !lll, or W,l,. ,Ilillllv illli .f,~l”t

I tlili; .111,1 Ilw Alll: I.lllllrlll i,vm l,Pl*r lil, d t Ill! “,11)1’, Ipt I .IIIL

,1{ ,1 l, IWIIfI lwniwv.,l!urliIn Inlplllw ,Ilii. 111,111 .11111 Ililil.

).11I,vl l~f ,;lll,lr l!llllf’ll V. [n 191’ :Illllllh. .llllll: “!1’1111 Illlvl,

I,IW ml.llhrlm Vllrl,’l!,hf. W.1”1 pstII,r,I~lymll !OI, [111,1
,11,IIIU1,nf llm Altl:Iiwllr,lll,~r’”,mlll,ltlowolll{11 Ihtt !II,11,i
iflq 1% 111,11llw~ .Jtr.11.lflllilllq ‘Iy ’,!wl l,. 1“1~~11I“Ill I.ht 1,1

,1,11 ill., { Inn, h 111,,,, h, Ilwi ,111. 111 1111* 0111 .,1 ,1P. :1! illll%.

ir.llr, thl~ N)l: llwltl’lllll~r I\lll.lll’, i”, .lilI\,ll,’,’.II”I,!LY)!.~w.
1-1’!iLIIIh.ullih~,uu’il~nlIlm.ii,tvlirl~!l~r, 1111,1,1,.1,1,!1,111
III ,1,Ir i I i u’y IIm*l’Ily 11”,11 I’m 111111111,,’1~11,1’”11)JII1ll!Iililt’
1’1’,!,1, I 11)11 Ill ‘,11111’,’111’l’,ty“1’.1’l“,.IIWIL 1, “’),’’1)1).Iill.
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The complexity of large soiar HVAC systc!nsg~ner-
ates many sets of conditions for the Pontrollx to han-
dle. The best operating strategies are not ccvnpletely
understood and, perhaps more important, they vary from
one set of conditions to another as the above simula-
tions indicate. The AOC technique has the power to
examine those conditions on a reqular basis (several
times each hour), determine the b%st strategy at the
mcment, and implement the control automatically.

Plans ha#e been made for a project to implement
and test the AOC controller in the highly-instrumented
National Security and Resour .!sStudy Center (NSRSC) at
the Los Alamos Scientific L.,!.aratory(LASL).

Significant industrial interaction has taken place
to effect technology transfer. Industrial visits, sem-
inars at universities, and papur prwwtalionr at con-
ferences have been received with inLerest, and in sev-
eral instances, further int.cractlnnhas resulted.

TECH:41CALACCCWL15HK!4T5— .——— .. —

Some of the recent technical accomplish-mls arc
di.cuszed bclo~. For furth?r Information, th’ reader
is rcfcrrcd to the publications listed and dc~cribed at
the cnd of this report.

● [111111 .’;tlli.ll,lllflj ‘;lqlly, A %tudy tll’; IIWII 1111110
,11 1111, Ilnij,,l’,i!~ ni hIJ!I, II 1111.1111In lIIVI~I,l 111,1111 [III. 111,0

nl ~lf’lll,l~~l$llt.,$ll 411,1 ‘Illlrl’ll ‘,111,. III I IItIt I’( II lIIr pdt’munl~ll,r’,
I(I 1111 C,W! II 111111 Irl .IIII! 11111. III rISI. IIIIn’. I* III varl IIII”. ZVI,l IIm
I Illlll!ti?ml,, I!.l,, t,, f 1111 thI. ,,imll],, nhl,l,~l IIC,lI.j, lIrI*[~IIIl

n,~f y r’li,,,~l : ,, in,li JI II Ihl.l 111,1111 pl’,lf,~ d ,,llr’, ,.),,, fill

approach. This approach eliminates the need for mdch
OF the on-line conmtatlon In the AOC approach. If it
pravcs successful, it would simplify AOC implementa-
tion.

FUTURE ACTIVITIES—.

Contract Activitifis. Plans have been made for
a jo~project with Johnson Controls, Inc. to imple-
ment and test the AOC concept in the NSRGC. Sllccgs:.
ful completion of this project will demonst-?te that
the A(ICapproach Is practical and implementable. Im-
plementation will permil a thorough ccxnparativeeva;-
uatinn of thr!AOC, and the hardware that is inztal!~d
In the N5R2L will bc adeqi]atelyflexibln to permit
study of other advanced contrul techniques. Recent DfIE
controls program devolopnwnts have led ts uncertain~y
about th!s project and it is not clear, as of this
writing, whcchr!rthe project wI1l be canpleted.

Post-Contract Activitj~!s. If the above project
is Ci%ijli-tid;–-”---“---a greatae~~ of inf~rmation will h~
avallablc to aid Industry in the rlev~lcpmentof adv~nc-
ed, energy-conserving, building controllers. If Lhe
project is tcrm,natcrt,the reports will still contain
substantial information to aid inciuztry,tut the prac-
tictsldevelopmental Pxrmricnce will not exist.
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