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Abstract: The paper presents the general and specific tasks of control over drying
processes aimed at the improvement of the product quality. It is proposed to solve the
tasks of control over drying process using the approach of complete analysis of optimal
control on the set of functioning conditions; to achieve this the analysis of the set of
possible situations is carried out; five classes with the algorithmic support of data
management system for drying roll ribbon units are identified.

One of the primary goals of the modern industry is the improvement of product
quality to provide its competitiveness. An important reserve of quality improvement and
productivity increase is the use of information control systems (ICS) for technological
objects. Take for instance the Drying Roll-Ribbon Units (DRU).

The desired quality is achieved through the different modes of drying. However,
the common task of drying process management (and some special problems) can be
outlined with regard for the particular object.

The general problem of the drying process control is formulated as follows:

— f~operator lets you specify the value of the vector components of the output
variables y=(yy,...,y) depends on the vector of control values u = (uy,...,up) and

vector of disturbances x =(xy, ..., x;7) in different situations of the operation

8 ={s0,1=1L}, (1)

f~ operator conditions:
[ UXxXxS >, (1a)

where U, X, ¥, § is the set of control and disturbance actions of output and situations
changing variables correspondingly; / is the number of situation; L is the amount of
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possible situations; Z, P, His the dimensionality of vectors y, u and x

correspondingly;
—restrictions of input variables y and control values u :

y,eYPm = 1,Z; )

upeUgerm, p=LP, 3)

where YPE™, UPE™ are feasible regions of y, and u,, correspondingly;
—optimality criterion, which characterizes the quality Qu and performance Pe
of the object, like
0 = O(AQu, APe, u) — min, 4)
u

where AQu, APe are the losses caused by the reduced end-product quality and the
performance of the dryer, respectively.

It’s required to determine the value of control action u*, under which the
constraints (2), (3), and criterion (4) follows to its minimum.

The components of output vector y in the problem (la) — (4) are values of

material moisture on the outputs of limiting sections and at the end of the dryer. For the

five section dryer (Figure) it is humidity at the end of second ¢$"¢, third ¢$" and

fifth (pgnd sections, and the vectors of control and disturbance actions can be written as

sc aiw dg aiw _dg vf

u= (uo sUuy u2 ,ug -, U3 s Uy )a (5)
end _tda _hda _agit _tda _hda _t h
X = (Qinie» 957, 07, X3, 155, 5™, X3, xgY xo ™), (6)

where u3", ugg, ui™, ugjg are control variables of air intake windows and dumping

gates of second and third sections correspondingly; ugf is the control of the

ventilation fan;

sc vf
Z/lo N UO

Section 1 Section 2 Section 3 Section 4 Section 5
end
Pinit d d 05
0 03" 3 —
[ ]

Structure of DRU as an object of management
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uy’ is the speed control of belt conveyor; @y is the initial content of moisture in the

tda x?da

material; xp is the temperature and humidity of drying agents in the second

section correspondingly; xggit is the presence or absence of agitator at the inlet of the

tda x;lda

second section; X3, is the temperature and humidity of drying agents in the third

\W4

section correspondingly; x(t)w , x(})1 is the temperature and humidity in the workshop.

The main component of the vector control actions u is the speed of the conveyor
belt. It is also possible to use the air intake windows and dumping gates of relevant
sections, if necessary.

Considering the relation of function of the productivity loss APe of control u, that
is similar to linear function, and relation of quality loss function AQu of control u, that

is similar to parabolic function; criterion O can be represented as follows:
Q =q (bo + b1u2 )+ Cy (Cl() + alu) — min, (7)
u

where ¢, ¢, are the weights; by, b are the parameters of the loss function of final
product quality; aq, a; are the parameters of the loss function of productivity.

The components of the set of situations § are the possible trajectories s(-) of

changes of humidity along the length of the dryer: s(-) = ((pz,(p3,cp§nd).

Particular control tasks of the drying process are considered in relation to
individual lots of material that is in the limiting sections. The first specific problem is
solved on the basis of information about quality of the material in the center of the
second section and on the values of control and disturbance actions. The solution to the
second problem is based on the information about quality of material in the center of the
second and third sections, considering the values of corrective and disturbance actions.

The first specific problem for m-th lot can be mathematically represented as:

— model for determining the humidity in the second section of the dryer

(pZ(tén):f(ube’AZ)a (8)

where 7' is the time required to determine the humidity of m-th lot of material in the
second section; A, is an array of the parameters of model for humidity in the second

section center; vectors of control u, and disturbance x, actions consists of :

i d f
u2 = (u(S)C: uglwz u2g7 u(‘)/ )’ (9)

tda _hda _agit _tw _hwy.
xzz((pinitﬂXZ > X2 ,ng > Xo s X0 ) (10)

— restrictions on the change of control actions u, and output variable ¢, :
uy e UST™; (11)
0 € T, (12)

where Ugerm is the region of permissible values of control actions in the second

section; szerm is the region of permissible values of humidity in the second section of

dryer;
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— functional to minimize

0, =c;AQu(uy) + cpAPe(u5) — min. (13)
up

It’s required to find the humidity using (8), when the m-th lot of material is in the
second (limiting) section. And if the humidity is beyond the limits (12), the corrective
action should be defined

u; =argmin Q,,(AQu, APe, ¢, ¢;, U3), (14)
up

The restriction (11) must be satisfied and the criterion (13) should reach its
minimum.
An array of details is given to solve this problem

R=(Ay, x5 (1), iz (1), UST™, Y™, €5). (15)

The second particular problem is formulated similarly. Data:
— model required to determine the humidity in the second and third sections of the
dryer

d
S (Ays A3, 02 (83", @3(63"), 95" (1), uy, u3, x5, x3) =0, (16)

where #3", t2 4 is the time required to determine the humidity of m-th lot of material in the
third and in the last sections; A3 is the array of the parameters of model for humidity in
the third section; vectors of control u3 and disturbance x5 actions consists of:

uy = (s, ud™, use, u)h); 17

tda _hda _t h
x3=(02, X3, X3 sxowsxow; (18)

— restrictions on the change of control actions u,, u3 and output variables

P2, 93, 05 :

Uy € Ugerm, uz € Ugerm; (19)
02 € V7T, 3 € P, @5 € KT, (20)

where Ug “™M is permissible values of control actions in the third section;

Y, Y P are the regions of permissible values of humidity in the third section and
on the output of the dryer correspondingly;
— functional to minimize

0,,(AQu, APe, u3) — min; 21
u3

— the array of changes of situations during operation of (1).

It’s required to find out the humidity in the second, third and output sections
using (16) when the m-th lot of material which goes through this (limiting) sections.
And if the humidity is beyond the limits (20), the control action should be determined

u3 =argmin Q,,(AQu,APe,us). (22)
u3

The restriction (19) must be satisfied and the criterion (21) should reach its minimum.
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The array of details is given to solve this problem:
R= (Az, A3, Xz(lm), Mz(tm), X3(tm), u3(t ) Uperm Uperm Yperm Yperm Yel;edrm Sl(')).
(23)

As we can see from stated problems of control drying mode, their solutions can be
reached using the models to determine the humidity in the center and the outputs of the
second and third sections and in the output of fifth section of the dryer.

It is proposed to solve the problems of drying control, using the complete analysis
of the optimal control on the set of the functioning states (SFS). According to the
classification of systems on SFS, the DRU with its control device can be assigned to the
third or fourth class [1], depending on the control task. In the third-class systems the
variable of functioning states (situations changing variable) s may vary within a control

time interval T €[fy; ¢s,q], but value S can be identified (known) in the current time

t € T. The model of the third class object represents a piecewise constant trajectory of
change of the system operator. The switch points of the operator are random and
correspond to the change of the value s on the trajectory. Usually, the models of such
objects are differential equations with discontinuous right hand side.

Objects of the fourth class differ from the third so that the current values
s(t), t € T are unknown. It is considered the set of possible trajectories &, on interval

T starting at initial state s(zy) for simulation of such objects. It is considered the graph

of changes of the functioning states as the operator of the system [1].
The basic assumption of this approach is shown on the example of five-section

DRU. The vector of input variables is yz((pz,(p3,m((p§nd)). The deviations of
humidity y, of material in the centre of n-th section from required value y, are
considered as an elements of the set & (1) of possible trajectories of situation s;(:)
changing. In our case y, =48 %, and y; =20 %. The set § is convenient to define
as the morphological table. It is assumed that /-th situation s;(-) €& is determined by
three components: s;(-) = (2, 5;3, 8;5). Each component s;,, 53 can take five values,

and component s;5 — three values:

slr:bp if y, < (y,, —6(2))

Pty <[5, 823, -50);

Sy = Sln’ if y, e [ —5(1),)/,, 55:1)]: Y,
slzp, if y, e ()7,, + 89),)/” +8§12)];

ST iy, > (5, +62), n=2,3;

iYL if ys < 0,65;

si5 =159, if ys €[0,65; 0.8];

SEEif ps > 08,

where 65,1), 8;2) are the set deviations y, from y,, 85,1) < 8512); mbp — humidity is
much below the permissible level; bp — humidity is below the permissible level; p —
humidity is on permissible level; ap — humidity is above the permissible level; map —
humidity is much above the permissible level; lw — low confidence-building measure;
md — medium confidence-building measure; hg — high confidence-building measure.
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In this case the set § consists of L =75 different situations presented in Table 1.
The strings of table are values of s, for a single instant of time, and confidence-
building measure of required humidity is determined for a second section of the DRU.

The table of situations s{ ()= (s, 5609 ;5), identifying by humidity in the
outputs of second and third sections, constructs similarly. These situations correspond to

the vector y" = ((p%nd, o, m(pnd )
Table 1
The set of possible § for a single moment of time
Situation States of elements set & Situation States of elements set &
0 Sp2 (1) s3(0) 815(1) 1) $12(0) s13(0) $45(0)
1 2 3 4 1 2 3 4
SICIN N e | -TTOTN [t B B €
$20) SIZD,p2 Sgg)p 52's $22() s ]235,2 323 555
SIONN I SO I I SO (R PR S B G €
SO | sy | | | w0 | sy | SEE | s
SION I S S OSSO (5 B 5 B G -+
%0 | 62 | sh | oses | sk | skE | R | sE
O N S N A |10 O P B S B
s3() 582 598 585 s28(") 982 SO s
55() S50 535 555 $29(") 5292 So08 s
00 | siE | sl | osibs | S0 | osiS | oshd | sk
O NP VT B | STTO T B B P
$i2() Slbzp,z St 5135 s32() 355,2 sy s
si3() St sPa3 si¥s 533() 3. S%’j s
sia() S14.2 St43 stis 534() 5342 S50 s SIS
sisO | sB | by | sl | 5O | SR sy | s
i () Sl”é?f 5163 S16.s 536(") S;,%?g 5563 531%"15
si7() S5 5173 SiYs 537() S35 313 s
sis () Stg. S18a STy s s3(") 5352 383 S5s
Sio () 516 5193 5185 $39(") 536.2 5303 3
s00) | sob | sabs | oss || SO | oskon | shos | sis
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Continued table 1

1 2 3 4 1 2 3 4
541() Sfﬁ?f 52113,3 Sﬁ?ﬁ $59(") Sgg,z 525,3 S?;g,s
sp0 | sBy | By | osBS | o0 | s&S | sths | sess
s13() i 5453 Sis s61() oy 5613 Sgig,s
544() S44. 5443 sifs s62() § 25,2 5623 $ lgig,s
s45() 5455 5453 s4s 563() 563,2 5633 565 s
60 | sied | oshes | s [ 60 | s, | B | sels
spO | sy | s | s | sksO | sER | shs | seds
sisO | sk | SRS | sBS || ske© | e | i | sees
$49() 5302 5103 S4bs 567() § Eg,z 5673 § 2%5
00 | sB | sH | sl | O | sha | séhs | sebs
50| SBE | s | st [ s | s@BL | s8s | sess
s52() s§’§,2 s?ﬁlf? S?zg,s 570() 5705 5703 5%,5
s53() 553,2 Ssng s?:;g,s s11() s?i‘,’é’ S;nl? S;llg,s
RPOTN B P ' S 0 SO | I SYO TN 0 PO (5 S LR
s55() 5359 Ssrr;? S?sg,s 573() S93,0 5733 S%{S
556(") S;Tfl,ljg Sggg S;lg,s 574() S?ﬁ,z S;Trg S?z%,s
S50 | sy | sy | sss |[ SO | B | s | sk
s58() 552 Slsjgg Sggg,s

It is necessary to consider the situations s;(-) identified by humidity in the second

@, (?) and in the third @5(¢) sections. And the measure of “trust” to achieve the desired

quality is determined for the material in the third section at the moment ¢ (Table 2).
According to the results of the set of possible situations in tables 1 and 2 the five
classes that include different tasks of control the process of drying can be determined.
1. Class K. The humidity in the limiting sections is in the permissible range.

(0 € 72 ) o5 € 77).

This class includes the following situations:

Ko = 1528(), 533(), 536(), 537 (),538 (), 553 (),558 (), 561 (),

562 ():563 (5528 (5533 (), 536 (55537 (), 838 () -

62

ISSN 0136-5835. Bectauk TI'TY. 2011. Tom 17. Ne 1. Transactions TSTU



The set of possible § for different moments of time

Table 2

Situation States of elements set & Situation States of elements set &
SO 0 | s | sis® SO sp0 | s | ss©
1 2 3 4 1 2 3 4
51() slrf‘sz sl,“gbp 1% 525 () Syss | S253 5535
20 | s [ L sbs |l s | SR | S| sB
53() Sg,z s?}bp sé“% 527(") Sgg,z Sén7b§ 5?7(,15
54() 53?2 Szl;)p S}& $28() Sgg,z Séng%) S%(}S
s5(°) sgl;p s;l;p Sé“g $29() S;g,z Sgngbg 55119[,15
s6O) | e | s | oses s | sE [ sid | s
510 | s SR s [ w0 | s sy | s
s3() S92 sé’,% 585 532() Sgg,z S_?gs S35
S9(") 5o Sg,% 555 533() 55 s§>3113 s3S
s10() s{?fé’ Slb é’, 3 S%V,s 534() 5342 s gg,s s ﬁ?s
s110) slnll]jzp sf’m s%‘f:5 535(7) S;;?zp S§§,3 S3H§(,15
s12.() s}’£ 5 sth3 sty 536() s ;161,)5 5363 s56s
513() St3. St33 S13s s37() S??,z 5373 s
s14() Stha | STas Stis 538(") sSsa | sk | oS
515() 5159 S5 5135 $39() 536,2 5503 s3s
SIPTO N N I SN O | OO W v B A (R 1
s17() sty | sihs si¥s 5410) SN I PO I
s18() Ste Si8s si¥s s42() s | sibs | sl
519() 519 5193 S19.3 5430) S 5453 s
$20(") 202 5503 530.5 S44() 544, Sih3 shs
COSTOINN I S N O S | OPRTO N B S " SN
522() sé’é’,z 225 s %,5 546() Szlt%t,)zp 5163 s ﬁrt%(,iS
530 | by | sBE | sls || seO | B | RS | sBS
s | s, | s L s | s | sk, | sEER | i
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Continued table 2

1 2 3 4 1 2 3 4
. ap map md A p p hg
S49() 549 549.3 5495 s63() 5632 5633 63,5
. map map md . ap p hg
s50() 550, 5503 5505 564() S64.2 S64.3 S64.5
. mbp mbp hg . map P hg
s51() 5512 5513 5515 565() 5652 5653 5655
. bp mbp hg . mbp ap hg
s52(°) S52.2 §523 S525 566 () S66,2 566,3 S66,5
. P mbp hg . bp ap hg
553() S530 | Ss533 $53.5 s67(") Se12 | S613 | S67.5
. ap mbp hg . p ap hg
554() S54.2 S54.3 Ss545 s68 (") 568,2 568,3 568,5
; map mbp hg . ap ap hg
s55() S5572 S553 S555 569(*) 569,2 569,3 569,5
. mbp bp hg . map ap hg
856() S56,2 5563 S56.5 570() 570,2 $70,3 70,5
) bp bp hg : mbp map hg
s57() S57.2 5573 $57.5 s71() 571,2 571,3 S715
. P bp hg . bp map hg
s58() S58.2 S58.3 S58.5 s72() S72.2 5723 S72,5
. ap bp hg . p map hg
559() 5592 559.3 559.5 s73() 5732 5733 5735
. map bp hg . ap map hg
560 (") 560,2 60,3 60,5 574() 5742 5743 5745
. mbp p hg : map map hg
S61() S61,2 S613 S615 575() 5752 5753 75,5
. bp p hg
562() S62,2 5623 562,35

bp

2.Class Kpe. In this case s};lp or s;F, Vne{2,3} and the performance of

process can be improved without degradation of product quality. This class Kp,

consists of

Kpe ={526(): 527(), 531 ()5 532(), 851 () 552 ()s
556() 557() 856 (), 857 (), 551 (), 852 ()}

3. Class K, . The value ¢, is out of range
- 1 - 1
(y2 > ¥y +8(2))/\(y3 <y3 +Sg)).
This class includes the following situations
Ky ={539(), 540(): 564 (s 565 (), 514 (), 5150}
4. Class K5. The value @3 is out of range
- 1 = 1
(y3 >3 +6g))/\ (yz <y +65)).
This class includes the following situations

K3 =1{s15(), 523(), 543 (), 545 ()}

64
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5. Class K, 3. Deviation of ¢, and @3

(y2 >y, + 8(21))/\ <y3 > V3 +8§1)).

Class K, 3 includes the greatest number of possible situations.

K3 ={516(),517(): 519(), 520 ()> 21 ()5 522 (), 524 (), 525 (), 529 (),
$30 ()9 §34 ()9 §35 ()9 §54 (')9555 ()a 559 ()a S60 ()s S;‘ ()3 S,S ()3 S’9 ()a
5100)s 519() 850 (), $54(), 855(), 41 (), 542 (), 546 (), 547 ()}

The condition of inclusion [2] plays the main role in the effective functioning of
the third and fourth classes systems. The system is inclusive on the situation s;(-) € §,

if the dryer control device generates the control function u(s;(-)), that provides the

required product quality. That means (pgnd € Y5perm, within the time of material passage

across all sections of the dryer. And the system is inclusive on SFS if the condition of
inclusion Vs;(-) € § is performed.

The studies have shown that the condition of inclusion is performed for the classes
Kq and Kp, . For the other classes it is required to generate control actions to ensure

the best quality of the product.
The results of the full analysis are used in the development of ICS algorithmic
software [3].
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AHaJau3 3a/1a4 ynpaBJieHHs MPOLEecCOM CYIIKH
B CYIIHJIbHBIX YCTAHOBKAaX BAJIbLEJEHTOYHOI0 TUIIA
HA MHOKeCTBe COCTOSTHHI (PYHKIIMOHUPOBAaHUS

C.B. Apremoga’, A.H. I'pudkos’, A.E. Eprimos’, A.C. Hazapos'

Kagpeopa «Koncmpyuposanue paduosnekmpoHHuIX u
muxponpoyeccopuvix cucmem», IOY BIIO «TI'TV» (1); Cbeta_Art@rambler.ru;
Amanvekuil yenmp opeanuzayuu 8030YUWHO20 O8UNCEHUs puruana
«Asponasucayus cegepa Cubupuy, @I'VII «ocydapcmeentas kopnopayusi
no opeanuzayuu 8030yuiH020 oudicenus ¢ Poccutickoi @edepayuuy (2)

KuioueBbie c10Ba U (ppa3bl: KayeCTBO BBITYCKAEMOW MPOIYKIMH; KIACCHI
cuTyanuid (yHKIMOHUPOBAHUS; MUHUMU3UPYEMBIH (yHKIIMOHAI; 00IIast 3aja4a yrpas-
JICHUS; CUTyaluuy (yHKIIMOHUPOBAHMS; YAaCTHBIE 33]]a4l yIIPABICHUSL.
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AnHoTauusi: TlpuBefeHBl MOCTAHOBKH OOLICH W YACTHBIX 3a/1au YIPABICHUSI
IpoleccaMu CYHIIKM C LENbI0 IOBBIIEHMS KadecTBA BBIMYCKAEMON MPOAYKIUH.
[TpennoxxeHsl pelleHust 3ajad yNpaBIeHUs] IMPOLECCOM CYUIKH C HCIOJIb30BAHHEM
MOJAXOAa IOJHOTO aHalnu3a ONTHMAIbHOIO YIPABICHUS HAa MHOXECTBE COCTOSHHH
(YHKIIMOHMPOBAHUS, [UIS YEro MPOBEJEH aHAJIN3 MHOKECTBA BO3MOXHBIX CUTyaluil n
BBIJICJICHBI IISITH KJIACCOB, COTJIACHO KOTOPBIM pa3padaThIBaeTCs alrOpUTMHUYECKOe
obecrieueHre NHPOPMAMOHHO-YIIPABIISIOIEH CUCTEMBl CYIIMIBHBIX YCTAHOBOK Bajb-
LEJIEHTOYHOTO TUIIA.

Analyse der Aufgaben der Steuerung vom Trocknenprozess
in den Trockenanlagen des walzenbandformigen Typus
auf der Menge der Funktionierungszustinde

Zusammenfassung: Es werden die Stellungen der allgemeinen und einzelnen
Aufgaben der Steuerung von den Trockenprozessen mit der Absicht der Erhdhung der
Qualitét der Produktion angefiihrt. Es wird vorgeschlagen, die Aufgaben der Steuerung
vom Trockenprozess mit der Benutzung der vollen Analyse der Optimalsteuerung auf
der Menge der Funktionierungszustinde zu losen. Es ist die Analyse der moglichen
Situationen durchgefiihrt und sind fiinf Klassen ausgezeichnet. Es wird die
algorithmische Versorgung des informationsteuernden Systems der Trockenanlagen des
walzenbandformigen Typus entwickelt.

Analyse des problémes de la commande du processus du séchage dans
les séchoirs du type laminé a ruban sur une multitude d’états
du fonctionnement

Résumé: Sont citées les mises en problémes, général et particuliers, de la
commande du processus du séchage dans le but de I’augmentation de la qualité des
produits fabriqués. Est proposé de résoudre les problémes de la commande du processus
du séchage avec I’utilisation d’une approche de 1’analyse optimale compléte sur une
multitude d’états du fonctionnement. Pour cela est réalisée une analyse d’un ensemble
de situations possibles et sont déduites cinq classes selon lesquelles est ¢laborée la
maintenance algorithmique du systéme informatique de commande d’un systéme des
séchoirs du type laminé a ruban.

ABTOpbI: Apmemosa Ceemnana Banepvesna — KaHIUNAT TEXHUYECKUX HAYK,
JIOLICHT, TOKTOpaHT Kadenpbl «KoHCTpyupoBaHHUE PaTHOdICKTPOHHBIX U MHUKPOIIPOIIEC-
copHbIX cuctem»; Ipubkoe Anekcen Hukonaeeuu — KaHIuaaT TEXHUYECKUX HAYK,
noneHT Kadeapel «KoHCTpyupoBaHHE paJIHO3ICKTPOHHBIX W MHKPOIPOIECCOPHBIX
cucrem», 'OV BIIO «TT'TY»; Epsimose Anexceii Eeézenbeéuu — KaHOWIAT TEXHU-
YECKHX HAayK, HWHXCHEP-3JCKTPOHUK CIIY)KOBI JKCIUTyaTallMd PaTHOTEXHUUECKOTO
obopynmoBaHus, SIMambCKUil IEHTP OpPTaHM3AIMH BO3AYIIHOTO MABIDKCHHS (ramana
«Asponapuraims cesepa Cubupm», DI'YII «locymapcTBeHHas KOPIOpAIUsS IO
OpraHu3aliKi BO3AYIIHOIO JABMKeHUs B Poccuiickoit @enepauumn»; Hazapoe Anexcanop
Cepzeesuu — maructpant kadenpsl «KoHCTpynpoBaHue paguodICKTPOHHBIX U MHKPO-
nporeccopHbIX cuctem», [OY BITO « TTTY».

Peuenzent: Mypomuyes JImumpuii IOpveeuu — IOKTOp TEXHHYECKHX HAYK,
npodeccop, 3aBeAyrommii  kadempoit «KoHCTpyupoBaHHME paIUO’IEKTPOHHBIX U
MHuKporporieccopHbx cuctem», [OY BIIO « TT'TY».
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