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Introduction

The noise reduced configurated smart systems (NRCSS) are designed using methods
and technical tools, which remove (decrease) the factors, introducing pararetric
modulations inthestatic and/or dynamic characteristicsof thedbject inthe configura—
tionprocessof the dbjectcontrol ledwirth the control element (CE) - Intelligentexecutive
devices (IED) and noise reduced and anti—cavitational CEare applied INNRCSS. The
purpose of the technical configuration of NRCSS is maximal decrease of the distur-
bances (the acoustiicnoise INCE) and stabi lization of the parametersof choking inCE.
The purpose and the criteria for synthesis of the control algoritimare subordinated to
the existing technological requiremerts for control systemaual ity.

The purpose of the paper is the development of amethod for noise reduced
configuration of NRCSS, solving the problems of: analysisof IED features, determi-
nation ofan analytical method for IED configurationwith CE, estimation of the results
fromthe application of the configuration method in NRCSS.

Solution. The features of IED are shom in the functional diagram (actigrams) of
theactionand intel ligentdriving (Fig- 1) . nlikeclassical driving (Fig. 2), itisapossible
result of the consequence of decisionmaking, irnformation processing-estimation-
observation, multidimensional measuringand communication. The 1EDare character—
isedby:

1. Locallybased intel lect in the control systemof the 1ED, inplementedwith the
helpof:

— proprioceptive and extraceptive initial transducers[1, 8] inthestructural ad
‘technical organizationof IED (Fig. 3).

— built in by IEDmanufacturer data basis for the normal and extremal operational
pararetersandmodes (Fig- 4) , providing possibi lity for self-test control of 1D status.

2. Locallybased in IED regulating functions [3, 5] -

3. Significantefficiency due to the reduced hydrodynamic losses inchokingand
decrease of the parameter and structural disturbances inthe object control ledwhen
applyinganti-noise andarti-cavitational CE.
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Theactigramof IED (Fig- 1) isorganised similarly to the neural system inhuman
body. The latter divides the influences of the physical values on the body into two
categories— intermal (proprioceptive) and extermal (extraceptive) - Theneural system
has got the respective receptors.

The receptorsfor intermal sensitivity of the statusare proprioceptive. Theyare
sensitive neural fibresdirected tonards the bonemarrow reaching the brainwith the
help of gol Isand burdachs.. The sensitivityabout the status of the body bones, muscles
and comnectiing tissues isthe intermal sensitivity of the body .

The extraceptive receptors are sensors of the neuro-epithal , peripheral neural
systemfor outer sensitivity of the body . They are located in the skin, the membranes
and the covering layers of the body organs. Their role is to sense themodifications of
theenviromentand tostinulate the extraceptive sensitivity, comectedwithafeeling
about the status of the human organs and al I themodifications on the surface cover of
important organs (heart, lungs, liver, storach, etc. andofthemuscleandbone system).
This istenperature sensitivity, pressureandpain sensitivity.
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The design and implementation of NRCSS is connected with the basic phase of
general object configuration, illustrated inFig. 5. The configuration of NRCSS
comprises three stages, real izing the selection of the CE inNRCSS:
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_________________________ td Lm
Fig.-5

—anti-noise (or anti-caviational) precising of the CEal ready dimensioned.

Configuration method. Anewmethod is proposed and an algorithm for NRCSS
configuringby CEselection, that:

— Is based on the estimation of the areasof linear modes A, In the static
characteristicsy(l, s) of thegeneral ized object (C0) (Fig- 5) notmotivating ithy the
principleofsymetric-mirror selectionof functions;

—usesatransfer coefficient of thedbject Ay (2) , andnotamanplifier coefficient;;

- sets the selectionof the CEwithmaeximumsurface A, (1, s) of the linear modes

area (LMA) and not the constant value of the ampl ifier coefficient as the purpose of
NRCSS configuration;

—uwsestheeploitationq(, s), D [2, 6, 7]adnot the theoreticdaracteristicsof
theCES(D);

— introduces the notiondifferential sensitivityof Ay of thegeneralizeddbject in
NRCSS.

@ a={1-s[-5*O1F"%, 6, = [ -s (- 1)T°%, q, = [1-5 (e D)}
O Ay =@y /ZoDAL+ 0y /0s)As =y /0qQ)(@q/o DAL + (0y /0q)(0q/0S)As =
@y@/dpag, s).-
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(6)) 5(ay)= (dy/dd) [ (6@adl, s) /o) +@ql, s) /6s)/os)AL +

[(G@aq, s) 701y +@ql, s) /6s)/65) | As.
Thedifferential sensitivitys(Ay) (3), of Ay isgpplied intheanalysisof Ayand
inthedetermination of the linear modesarea. The set fronthevaluesof landof's, for
which d(Ay )=0 define the LMA for operation of the object specified (Fig- 5) . The
functional analysisof Ay () divides {l, s} intotwosubsets-

j 1, 1; se[0, 11; {1, s"} {1, s}

® L uayk({k, sb3oay Ik, sh)=cost).
{le[o,l]; sel0, I;{I°, L} e{l, sk
© Ay R ({10, S} >Ay (10, 9)=const));

the paraneter areasbeing {1%, s¥}, (@), and{1°, }5). In{l*, sk} thechangesof Ayare
significant even for smal l fluctuations in the parameter values around any basis in
{19, %} Itdefines paranetrical ly the disturbed processes as a resul t of choking. The
second one (theset A, {I°,s°}c A ) is LMAOF choking wi th constant value of
Ay (1, s)=const, independently onthedirectionoftheactions{1°,s%, i.e.,v IPand
vsP3=A, ({19, %Ay (12, s%) =const) . The solution of the systemof equations {6}
determines {I°, %} theAlMofchoking A, - Thedimensionof A, (1, S) isexpressed
by (7)-

® Gy, s))s01=0,

(ayd, s)) /os=0.

(@) Ay, a,s) = ”Ay (1, s)dl /ds |Ay =const
1°,&°

The method consists in the selection of suchaCE, which guarantees LMAwith
maximum dimension of the object configurated. The algorithm proposed has the
follovingstages:

1. Determinationof the model y=y(q) of the staticcharacteristics of the techno-
logical processand its transfer coefficient dy/dg .-

2. Formationof themodelsof the static characteristicsy(l, s) and determination
of Ay(l, s) and5(Ay) of LMAwith the corresponding technological process, configurated
with LINCE or PRCE.

3. Formationof asystemof inequal ities used for the analysis of theobjectwith
LINCE or PRCE.

4. Solving the systemand determining the LMAA | (1, s) of thegeneralized object
with LINCE or PRCE.

5. Bvaluationand conparisonof theareas A , (1, s) of theprojections of the areas
obtained (LINCE and PRCE) .

IIs.ay (1, 91, d1 7ds>]f5, [Ay (1, 9)],..d1 7ds

I,s I,s
[T8,iay (1, )1, 7ds <[ J5, 1Ay (1, 1,01 Zds
I,s I,s

14



The Final selection of the control object (LINCE or PRCE) as the most
gppropriate isrealized taking into consideration: :

—the presence of LMA;

—the greatest possible areaof LMAof the general ized object.

Anexarple. Fig. 6 illustrates the solutionaf the inequal ities system for thedbject,
the technollogical process of which ismodel led by (8) , configurated with LINCE or
PRCE. Thearea inblack colour is characteristic. It indicates theset { I°, s°}of the

LMA, forwhich[5 [Ay (I, $)]<0.005. Thearea inwhite colour indicatestheset{1%, sk}.

y(@) =0.5a-(a-3aq)?, a=0.5,
dy/daq = 0.0108(8410 —580q +100) .

Analysis of the efficiency of NRCSS iIn noise emission conditions. The estima-
tionofthe effect frantheappl ication of NRCSS at apriori indefinity, and theratioof
the indicators of its qual ity in comparisonwith the classic system (CLASS), requires
analysis of NRCSS operationunder conditions of noise emission of CE. The check of
itsefficiency is connectedwith the evaluation of the dynamic accuracy and of the
hydrodynamic losses AE (9) [4] of NRCSS in comparisonwith CLASS under one and
thesame conditions.
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() AE=AP_Q,=cs [1-s(l-c?)]°°=csq, (c=AP_ _Q, =const).

For this purpose NRCSS and CLASS systemare model led and simulated (Fig- 7),
including thedisturbance emission inCE [ 7], introducing:

1. Integral [/é(t)]A estimate (10) of thenultiplicity of the reducingthe dynamic
error of NRCSS in comparison with the error of CLASS under conditions of
disturbance emission inthe CE used.

AN t A t A
@) e = [1-(liewy , , lavl g | jdo)].

2. Integral [/EA] estimate (11) of the percent decrease of the losses AE (9) of
NRCSS with respect to the losses of CLASS under the conditions of disturbances
emission inthe CE used.

@ [E.1= (1-(J'E™du]*|Ecssdt))100 %.

The simulationanalysis uses models of the CEwith combined hydraul ic loading

S araic (12 - They take into account the static g and dynamicV characteristicsof the

wrthout noiseemission (16) - Themodels [7] contain the constant binary coefficient
c,, ofvaluesOor1.

(12) shydraul ic =T =

Using themodel of the generalized object (one and the same for the two systems
being analyzed — Table 1), formed with the respective model of the CE, different
technological modes v, (13) of systems functioning are simulated. Here v(14) isa
gereralizedaction, sinultaneously driving thesystensmodels, synthesizedbyasimilar
local criterionof thequality (LOQ), itsvariablesy’ (sstvalle), s (loading)

— hydraulic

and {(re—pararetrization being generated by independent white noise generators.
v=Ff(v,q,V);

@ v,= (v, o, V);
v,=Ff(v,q,V);
(14) e: {[ Vi S hydraulic ayO]T}1
0.1<S onie <0-9, 10%<y°<90%, £=1T,.

The results of the simultaneous simulation (Fig. 7) with6(14) of:

—amodel of CLASS and NRCSS for stabi lzation of an object with nominal model
G*(p) (15) and parametrically disturbed at the upper bound G*(p) (16) model,
optimally setwith R*(p) (17), Table 1 according to LCQ in normal conditions
v;=1(v, g, V) withoutnoise emission;

—amodel of CLASS and NRCSS for stabi lzation of an object with nominal model
G*(p) (15) and parametrically disturbed at the upper bound G*(p) (16) model,
optimal lysetwith R*(p) (17), Table 1 according toLQQ inconditionsof instantaneous
v,=F(v, 0, V) and constant noise emission v,=f(v, g, V-) areshom inFigs. §, 9,
10, 11 for conditions of instantaneous v,=f(v, O, V=) noiseemissionand Figs. 12, 13,
14, 15under conditions of constant v,=T(v, ¢, V) noise emission.
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Tablel

kp(1,8) 1,239 2,960
Tob 10, s 10, s
74 (1,S) 2,s 4,s
LCQ critical-aperiodic process critical-aperiodic process
. 1,239¢7°P
G 15) —429¢
(p) (a8 05
o 16 2.96 e™*?
G7(p) (16) 10p+1
« A7) o1 (5p+1) (2p+1)
R°(p) 1 5p) (04p+1)

Conclusion

The results from the solution of the example and the analysis of NRCSS confirm the
appropriate use of the method proposed in NRCSS configuration. Onlly for the case of
acousticnoise emission in CE, under one and the same conditions, the parallel
simulation of CLASS and NRCSS demonstrates ﬂ”l/gt:

1. The integral estimatecrfdynamice/\rror [e(®]", 0F CLASSexceeds 20 times
the integral estimate of dynamicerror [ e(D]*, . 0FNRCSSat instantaneous noise
emissionand over55tirresatoonstantnois/g emission.

2. Under one and the same conditions [e(D ], IS invariantwith respect to the
acousticnoise InCE.

3. Therearesome changes inthecharacter of theexploitationrelations, comected
with excessive losses. The integral estimate of the hydrodynamic losses [/I%A]m of
CLASS at noise emission In CE increases by 6 % in comparison with the losses

[/EA] wwess OF NRCSS at instantaneous noise emission and by 30% at constant noise
emission.

4. buringoperationwithin the range {1%, sk} (4) CLASS does not satisfy the LQC,
pl%esée)z; inthe synthesis. The noise emission expands these areas on the account of
{r,s}.

5. Thearea{l%, sk} (4) shows the inefficiency of CLASS under conditions of
acousticnoiseemission inthe CEwirth losses inthe corrol (stabi lization) inchoking.
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(Pes3owMme)

B MpoekTMpOBaHMM IOMEX0YCTOMUMBO KOHQUIYPVBAHHEIX MHTEJUJIMT'E€HTHEIX CUCTEM
(IIKNC) MCIOJb3yITC METOIE M TeXHMYUEeCKME CPedCTBa, KOTOPEE PelyLlpPyoT
bakToOpE, co3Ianuye napaMeTpudeckye MOOYJISIUUM B CTATUUECKHX U/ WU
IVMHaMMUECKUX XapaKTepMuCcTHUKax obbekTa elle B Npollecce KOHOUIypauum
0BOBIMEHHOTO OOBeKTa YyIIPaBJIEHUs C peTyaupyonmM opraHoM (PO) . B IIKNUC
NIPMMEHSITCSA MHTEJIJIMTEHTHEE MCIOJIHUTEJIbHEE MexXaHM3MH UM [IOMEXO-—
ycToyumBele PO ¢ MakCHUMaJIbHOM PelyLMPOBaHMeM CMYyIEeHMs M CO CTadummM3aumen
napameTpos PO, a Liesb U KPpUTEPMM CUHTE3a aJITOPUTMa yIIpaBJIeHM s [TIOOUMHAITCS
KOHKPETHBM TEXHOJIOTMUYECKMM TPeOOBaHMAM K KaueCTBY CUCTEME! yIIPaBJISHUS .
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