Journal of Mathematics and Statistics 10 (3): 40843, 2014

ISSN: 1549-3644

© 2014 A.V. Martirosyaret al., This open access article is distributed undéremative Commons Attribution
(CC-BY) 3.0 license

doi:10.3844/jmssp.2014.408.413 Published Onlin€3)@014 (http://www.thescipub.com/jmss.toc)

METHODS OF COMPLEX OBJECT'S TRANSFER FUNCTION
CALCULATION FOR DISTRIBUTED CONTROL SYSTEM

Alexander V. Martirosyan, Karina V. Martirosyan and Eduard G. Yanukyan

North-Caucasian Federal University, Branch in Pyasigo
Russian Federation, 357500, Pyatigorsk, 40 let @kygeave., 56ARussia

Received 2014-08-07; Revised 2014-09-08; Accepted-P9116
ABSTRACT

One of the ways of solving the stable operation enofithe mineral water field’'s setting problem he t
development and implementation of the hydromineeaburses distributed control system. In this kertic
the consideration of the control system’s develapmen the basis of regulator synthesis approach is
offered. The purpose of this study is to presetdchnique of the distributed regulator synthesistf@
mineral water production process’ control systent. tlhe beginning of the work, approaches of the
management problem solution for concentrated asirilolited control systems are considered. The probl
definition for object with the distributed paramstedescribed by the system of the linear diffea¢nt
equations is executed, the description of manageoigact's mathematical model is carried out, eiatng
boundary conditions are defined. The techniquerafdfer function definition is shown on a practical
example, the model of management is considereddgeps of mineral water production. It is showrt tha
entrance influence can be presented in the foroofier's number, for invariant systems functionaof
exit will correspond to entrance influence. Trandfanction is defined in the form of the set ofrséer
functions, corresponding to each harmonica of enranfluence. The offered mechanism allows torcdfe
method of transfer function calculation for eachrnmanica of entrance influence separately that
significantly simplifies process of the analysistbé control system. The main result is the pokilof
representation of the system in the form of theofétansfer functions.

Keywords: Control Systems, Mathematical Modeling, Geofiltsat Models, Aquifer Pressure Function,
Synthesis of the Distributed Parameters Controller

1. INTRODUCTION (Finkbeiner and Peter, 2012), but if we regard mahe
water fields as the object of control, the congud
In the modern world the problem of rational synthesis is considered. When using this way, rainer
subsurface using is particularly acute. From thelioz water field’'s can be regarded like concentrated or
point of view one of the most valuable resources ar distributed systems.
mineral waters, therefore providing the stable The concentrated systems are the systems which
conditions of their production is an important task movement can be described as a movement of final
(Chernyshe\et al., 2014). One of the ensuring mineral number of objects with rigidly fixed internal stituce.
water field’s stable operation ways is the develepm The method of concentrated systems means the
of the control system on the basis of controller representation of management object as a set of
synthesis (Martirosyast al., 2013). Also, the different elements, that are not dependent from each other
methods of the distributed system’s synthesis aist e (Rapoport, 2005). For example, in relation to maher
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Corresponded coordinates
Time

Space of variable’s changing,z
Predetermined integer value
Linear operators

water fields it is the in taking and control wellBhe X,Y,Z
system is considered as concentrated in the case ivh 1

is possible to neglect the segment’s influence dohe Vv

other in the system. When communications betweenN,n;, n,,ns
elements are rather essential, the methods of the;
distributed parameters systems’ synthesis are eghpli

The main differences of these type systems from the  The object of automatic control presented in tivenfo
concentrated  systems are: The decentralizedof 1.1, is called spatial and invariant if the cdexp
management and the presence of spatial coordimates transfer coefficient on each component of an input
object’s mathematical model. action’s number doesn’t depend on spatial coordmat
The main forms of the distributed objects (systems) At physical level this definition means that each
representation, as well as in case of systems thith  component of an input action’s number, passingutino
concentrated parameters, are the representatidhein  management object, changes only amplitude of dpatia
form of the differential equations in private detives, fashion. Boundary conditions for the equation syste

representation in the form of transfer functions, (1.1) are taking to be homogeneous and given as:
representation in the form of temporary charadiess ’ ’

and representation in the form of frequency

characteristics (Miller and Michel, 2007). Li[T(xy,27),Tu(xyz7)]=0;
Let’s set the task of object’s reaction definitimmthe .
own vector functions of the object’s operator.Histcase % Y,ZU T}, (' =1,n—:l) ;

the distributed object (system) can be structurally
presented as the infinite set of the independent
conditionally concentrated contours. Transfer fiocof
the each of their conditionally concentrated contoan
be presented in the form of the analytical entire 0
functions’ relation (Kalyon, 2010). =

In the case when own vector functions are presamed  L..| Ty % ¥:2,.T |, U,(xyr)|=0;
the basis of orthogonal decomposition to Fouriggises on
spatial coordinates, the class of spatial and iangobjects _
and systems, for which the technique of the distety % YU73 (,u=1,m),
controller synthesis is developed can be allocaldo:
technique of the distributed controller synthedisvas to

L [T (xyza)]=0

xy.z0r,;,  [i=1n;  j=1q); w2

. . Where:
receive the controller for the considered contystem and L =
to estimate its stability (Kravcoehal., 2012). Ll Lo _
] . — — = Linear operators
2. MATERIALS AND METHODS [' =Ln-Lj=1np= 1"1]
Let's carry out the first stage of distributed RIS RV

controller’'s synthesis, assuming definition of sm i=1n-1j=1A W:Fn) = Boundary subareas of

function of system. Let's consider object with the

distributed parameters, described by the systelimedr theV space
differential equations in private derivatives: n,m = Predetermined values
Zus =l_m) = Fixed value of z
ny n ng -
%: L Tﬂ%;...a :l—' ;%—1—/‘;...a T % ;...a T‘] , coordinate
I’]z |’13 -
| % ay 0z (11) U“ (X,y,'[)’ (u =1, n‘)
xy,z0OV, (I = 1,n) Input action
Where: Object’s output functions are the values of phase
Ti(xy,z.7) = Phase variabl(ai =ﬁ) variablesT, (x,y,Z,7) with fixed values ofz=% (i =171) .
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Further it is offered to consider the distributdujexts Input actionU(x,y,7) is distributed in thé"-layer (-
which mathematical models which allow the fixed integer (gn)) and can be presented like:
expansion on the own vector functions of the obgect

operator. Using such expansion, transfer functién o

n]
the distributed object can be provided by a set of Hiu(x'y'Z'TJ=U(levT)v (1.6)

transfer functions on spatial modes.

3. RESULTS

As an example of practical using, the follows fisld

geofiltration model withi-number of layer with they*

compressibility coefficient is presented. The giaph

scheme of the model is as followsd. 1).

Mathematical model of the layers’ water expansion

(Fig. 1) can be presented in a look:

QH, _9%H, | 9%H, |, 9%H, .

| = | + | + | , :1’

=1 " ox ay>  0z? (I n) (1.3)
Z<z<z,, 0<x<x, O<y<y,

Where:

Hi(X,y,%, 1) = Pressure in thelayer of the

field
Predetermined values

zi(i :O,n+1),n,xL YA =

(xy,2 = Corresponded coordinates
T = Time
n* = Predetermined coefficient

On the boundaries of the layers contiguity the
condition of pressureH) and derivative ofH for the

corresponding coordinaie

Hi(x7y1;’r):Hi+l(X’y1; ,T), (i=1ﬂ—]) ;

pOH(xy27) ) OHL(xy.2 7)
i a1 !
9z 0z

1y

(i :1,n—]).

where,A; Predetermined values
On a lateral surface of a conventional fieklg( 1)
these condition are taking place:

T(xy.2)=0, (i :ﬁ);

xy.z08S,, (4=19, (1.5)

where, GLateral surfaces of a fiel@u:ﬂs) (Fig. 1).
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[n]
. [n)
where, Z fixed value z,zl:l[zlm,zlu_l]

Function of an output is the value of a function
H.(xy.z.7), wheren, z- @i, z- - the fixed value of

(ﬁD[lﬂ) parameter and z coordinate respectively.

After input influence and an output function aree
defined, it is offered to define transfer functifor the
distributed control system. Let's consider a matagcal
model of a field which is shown inkig. 1. This model
is described by the Equation 1.1-1.6.

Initial conditions for the equation 1.7 are presdrike:

H(x y,z,0)= 0. 1.7

Boundary conditions for the Equation 1.7 are
presented like Equation 1.8:

H(0,y,z7)=H(x,0z7)=H(x_ yz7)

=H(xy.z7)=0;

oH (x,y,0.7) o (1.8)
0z '

H(xy.z.r)=U(xy.7).

Input function is the value of the pressure functio
]
H(x,y,z: z,rj .

] n]
where, z Predetermined value&k zz )

Let's spread out the input actiob(x\y,7) to a
Fourier's series. Considering boundary conditioh8),
the input action can be presented in a look:

U(xy.)= 3G, , (1) Gin(y, ) Esir((k [y) (1.9)

n.y=1

Where:

z//,],[oy = Spatial frequency
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Fig. 1. The scheme of the modeled field

Let’s the find reaction of the each object’s comgmn
of a row (1.7). This reaction is looked for in ako

T, (xv.z71)=8B, (z1) ESin(t//,] D() Elsir(éy [y) (1.10)

Substituting (1.8) to the Equation (1.2) and trarmsfng
them the following result will be Equation 1.11:

B,,(z7)

ny

——+8,,(20)dy] + )
(1.11)

aZB”'y(Z, T) 0'(,7’}/: 1,00)

0z%

Then the transformation (4.9) according to Laplace

under the zero initial conditions is offered Eqoiati..12:

0B, ,(zs) (s -\
2\ Py 2 B, (2,
o [a ¥, %j . (2:9) 1.12)
-0{ny=1x)
where, B,,(zs) the function's B, (z7) Laplace

transform under the zero initial conditio(lﬁy=1,To) )

The (1.10) equation’s solution can be submitted in
look Equation 1.13:

BU-V(Zv S) =Q,,, EEXD(BW |1)

a (1.13)
+QZ,q,y B':‘Xp(_lgr],y |1) 1(’7 ,V: 190)

S, 2.2 %
where,,[:’,]'y=[5+w” +¢7VJ , (/7,y=1,oo).
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From the (1.4), (1.5) boundary conditions the fatio
will be in a look Equation 1.14:

Qlﬂ.y - any'

Q - éﬂvy(s)
2y exp(,[i’,]vy QL) + ex;(—/i’,],y [z,

(1.14)

i (=19

where, C,,

(s) -the function’sC, (r) Laplace transform
under the zero initial conditior(s;,y=17>) .

Considering (1.12), (1.13), (1.14) in common and
taking into account the (1.9), the following resutan be
received Equation 1.5:

H,,(xY.zs)

_ exp(B,, 2)+ ex{-5,, )
- exp(,[a’,]'y QL) + exr(—,[:’,]yy QL)
,,(s) B};in(z//” D() ESin((ﬁy I]/)

(1.15)

where, H, (xy.zs) -Laplace transformation of the
H,,(xy,zr) function.

Object’s transfer function ing,y (0,V=R) input
action’s mode can be submitted in a look Equatién 1

et
W, (8) = C,,(s)min(y, ) sin(g )

exp(ﬁ,w DFJ + exr{-ﬁw D?)
eXp(ﬂ,;,y QL) + exp(—,l?,,,y QL) ’
(7.v=1)

(1.16)

Thus, the considered distributed object can be
presented in the form of the set of transfer fuondi

W, (s) (7.y=1e).
4. DISCUSSION

Transfer function can be calculated for each
Fourier component which represents the input
influence separately. It allows the implementatmi
the mineral water production control system’s
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synthesis process (Martirosyan and Martirosyan, shows, that the distributed object can be consitlare
2014). The technique of the regulator synthesisthe form of the set of transport functions. Thisthos
consists of determination of transfer function’s of a control object representation allows to apploa
numerical parameters for open-ended system by theao the analysis of control systems from other sidd
means of graphic-analytical methods (Schewe, 2008)to improve process of their analysis. The technique
Further, the system is shorted and the foundexplained in article, is one of the stages of the
parameters are used for adjustment of input infteen controller for the distributed control system’s
The parameters of closed system calculated with thi synthesis, can be applied to control the rate @# fof
way, will show the stability of regulation proce3he the mineral water fields and proved to be in praeti
volume of this article doesn't allow to show all
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