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Abstract—The paper deals with a real hydraulic system

modeling and control by designed digital PID contrbalgorithms
in Matlab with using DDE communication. A mathematic
physical description of real hydraulic system is éablished in a
form of nonlinear differential equations on the bass of analytic
identification with known physical principles. Also simulation
model, created in Simulink, based on nonlinear diffrential
equations for designed PID control algorithms verittation
purpose is introduced in the paper. The design of dital PID

control algorithms is briefly mentioned in the nextsection of the
paper. A flow chart diagram of implementation of man control

program with DDE communication between the real sygm and
a computer, on which control algorithms are running is a part of
the paper, too. In the end of the paper results afeal hydraulic

system control by designed digital PID control algdgthms with

DDE communication are presented.

Keywords—communication protocol DDE, PLC, digital PID
control, real hydraulic system, simulation languageéMatlab.

I. INTRODUCTION

The paper deals with modeling of real hydraulicteys
which serves as an educational model for identificaand
control algorithms verification at the Departmentf
Cybernetics and Artificial Intelligence. The papisr also
engaged in control of real hydraulic system witlsigeed
digital PID control algorithms in Matlab with usinQDE
communication.

The first part of the paper is devoted to real Awlic
system mathematic-physical description, which wasved
in form of nonlinear differential equations on thasis of
analytic identification with using known physicatiqriples.
Moreover, a hardware structure of real hydraulistsmn and
a way of its connection to the computer is presenfdso
simulation model created in Simulink by implemeiatatof
nonlinear differential equations for purpose ofseld loop
control structure with designed PID control alguomits
analysis is introduced in the paper, too.

In the next section of the paper a design of dightD
control algorithms is presented. Also a
framework of control in Matlab
mentioned.

The paper contains results of real hydraulic systentrol

algorithm running

program N
implementation of DDE communication protocol in the —

Il. REAL HYDRAULIC SYSTEM

The real hydraulic system is one of laboratory ayst,
which serve as educational models for identificatiand
control algorithms verification at the Departmentf o
Cybernetics and Artificial Intelligence. It is cooged of two
cylindrical tanks, which are connected by a tubenks are
placed one above another and they constitute amysif
tanks without mutual interactions. A liquid is feérd into the
first tank from a bathtub through an inlet tubeabgump [1].
It flows out from the second tank back to the hathtinder
the thumb of hydrostatic pressure. It is possibleliange an
intersection size of outlets in both tanks by ttireg screws.
There are four different intersection sizes.

A schematic illustration of real hydraulic systesrdiepicted
in Fig. 1, whereby particular physical parametees a

S - intersection of tanks,

S1, Sz - intersection of outlets of both tanks,
Nimax - height of tanks (maximal liquid level),
fn(t) - pump’s motor frequency,

hy(t), hy(t) - current levels of liquid in both tanks.

oSensors, which scan the current liquid level irhbtanks are

marked as5,; andS.,.

hi(t)

ha(t)

Tn(t)

Fig. 1 Hydraulic system — physical principle

by designed digital PID control algorithms with DDE The frequencyx(t) constitutes the only input of laboratory
communication verification in form of control aatioand mModel in term of systemic approach. The frequefy) is

controlled output time responses.

generated by frequency drive [2] according to \gstd(t),
which is connected to frequency drive’s input framalog
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card of PLC [3] in the range 0 — 10V. Thus, it spible to the real hydraulic system, which are based on atiadr
consider the direct value of voltagkt) as laboratory model's programming with using quadprog function from
input. There is a linear dependence between thiag®U(t) Optimization toolbox of Matlab in future.

and frequency(t).

Outputs of laboratory model are represented byeoarr ) ] ) . ) . )
levels of liquid in both tanksh(t) and hs(t), which are It iS possible to derive nonlinear differential etjons by
measured by sensors [4]. However, the aim of cbiitréo analytic |den_t|f|<?at|on WIth using !<n0\_/vn physicatinxiples,
ensure required value of liquid level in the sectamk hye. such as continuity relation or Torricelli's formula
Therefore we restrict ourselves to a SISO systemtreh dh(t) :l(kpu(t)_sam)
where the valuehy(t) serves only for demands of PLC dt S
program, which handles limit values of particularagtities dh(t) 1 '
and emergency conditions. % - g(%/z 9h(9 - $:/2 gh( ))

The change of intersection size of the second tarlets
AS,; constitutes a disturbance.

The systemic view of real hydraulic system is degalcin
Fig. 2.

B. Mathematic-physical description of hydraulic system

1)

which describe hydraulic system dynamics, whergbys
acceleration of gravity. Pump’s vallkg was computed from
experimental measurements.

It is important to note that it is necessary toabksh a
linear model, which would represent the dynamics of
hi(f) hydraulic system at properly chosen operating pointigital

u(t) Hydraulic system > PID control algorithms design.
(2 tanks without interaction) ha(t)

AS,,

C. Nonlinear simulation model of hydraulic system

Fig. 2 Hydraulic system — systemic view A nonlinear simulation model of hydraulic systenhieh is
depicted in Fig. 4, was created in Simulink on Haesis of
nonlinear differential equations (1). The simulatinodel was
used in the analysis of control closed loop withsigeed
digital PID control algorithm dynamics.

A. Structure of real hydraulic system

A complete structure of real hydraulic system ipidied in
Fig 3. The real hydraulic system is directly joinéd
input/output analog card of PLC. The program in Piadich
was created in RSLogix environment [5], provideadiag
and writing values of particular quantities to tAeC card. T Hydreika kiU
Moreover, it safeguards system protection from gewecy ‘
conditions.

Concurrently, PLC is connected to a personal coarpoy
serial or Ethernet interface. The communicatiomiken PLC
and PC is carried out in such a way. It is necgskainstall
software providing DDE server functions to PC.Histcase it
is RSLinx [6], because PLC is product of Rockwell
Automation company [3].

PC

h_1(t) (m)

h_2(t) [m]

r» DDE/OPC <\v
Matlab|RS Linx Fig. 4 Nonlinear simulation model of hydraulic &ys
A
serial link/Ethernet [ll. DIGITAL PID CONTROL ALGORITHMS DESIGN
- Digital PID control algorithms design starts frohetlinear
PLC analog model of hydraulic system, which was obtained bylimear
| ar differential equations (1) linearization in opengtipoint:
(0, hy(t) e _ —_ -
i @) 0t U,=4v, h,=0.16m, h,= 0.158n wherebyh_, =0.3m.
J The linear model has a form of transfer function
Frequency S 2 tanks
drive 1 PP | system Sensors — HZ(S) — K (2)

° U() (azsz+ qs+1) '

whereK is a static gain ang are denominator’s elements.

Mentioned structure of real hydraulic system makeﬁis possible to compute coefficients of continsdID
possible to carry out control in two different wayEhe

simplest way is to implement designed digital Pléntcol F, = P+|—+ Ds, 3)
algorithms directly to the PLC, which allows to Veaout PC S . ] o ) .
of structure in Fig. 3. Creating communication betw PLC where P, | andD is proportional, derivative and integration
and PC becomes unimportant in this case. The seco?@"

approach is based on the control algorithms runiiidatlab | "€ optimal module method and the standard formhoteby
in PC. This approach is more difficult in term afating Butterworth were used foP, | and D coefficients design
communication. On the other side, it allows to wsany PUrPose. The latter method have been already useldital
advantages of Matlab. | have decided for the secwag PID control algorithms verification on the real ®m Ball
because | would like to verify predictive contrégarithms on @nd Plate in [7].

Fig. 3 Structure of real hydraulic system with gection to PC
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Fig. 5 Closed loop structure for nonlinear simaiatmodel of hydraulic
system control

It was found by the analysis of dynamics of thesetbloop
structure with designed PID control algorithm anduation
model (Fig. 5) that the derivative part in the cohalgorithm
causes very fast increase of liquid level in tinst fiank. Thus,
the maximal liquid level overflow would come inteibhg and
PLC program would automatically stop the frequedidye in
real system control. For that reason, the digitalcéntrol
algorithm, which derivative part is zero, was desig) and
applied in the real system control structure.

In the case of the optimal module method a matwbmf
was used for computing and| coefficients:

B B e »

where coefficientsa, are elements of transfer function's
denominator. In the second case the standard 68 order
characteristic polynomial of closed loop accordirg
Butterworth was used.

Coefficients of digital PID control algorithng; were

. e ication channel termination
computed from known values of continuous PID caoéffits r = ddeterm(ch)
. . . . stop i
on the basis of equations mentioned in [8]. A folanfor T
computing the control action, which is implemeniedontrol [ Data processing - plotting/save to file |

closed loop for the real hydraulic system contnak form

u(k) = u(k-1)+ + kD+ g k?2), 5
( ) ( ) 9 6{ a f e ) A ( ) ( ) Fig. 6 Flow chart diagram of program with contriga@ithm using DDE

whereeg(k) constitutes a deviation between reference trajgct communication
w(k) and current system output valy@) = hy(t).

End

Frequency drive voltage

V. PID CONTROL ALGORITHMS VERIFICATION ON REAL a4t
HYDRAULIC SYSTEM 35t .

In this case, where aim of the control was fuldlllén 3 1
simulation model control, designed PID control aitlon was S 25 il
implemented to the main program for real hydraslstem ) )
control in Matlab. Matlab functions of DDE protocahd Loy 1
RSLinx tools were used for communication with PLCis ol i
possible to read data from real system and subségue 0° : : : : ]
change the control action value, which is compitgdontrol % 200 400 600 800 1000
algorithm in PC in such a way. Wat(;[rS]hei ht

The basic principle of main program with DDE 02 ‘ ‘ 9
communication and digital PID control algorithmvisible in
a flow chart diagram, which is depicted in Fig.There are 015
also Matlab commands providing DDE communicatiothwi
PLC mentioned in the flow chart diagram. g

Results of the real hydraulic system control usligital PI~ = [
control algorithm, which coefficients were designiey the <
optimal module method are depicted in Fig. 7. Téference 0.05¢
trajectory is a constant function with desired ealwhereby
another second tank’s outlet was opened for a shioile in Eh 00 00 p— p— 1000
timet = 580s. So, a disturbance was incorporated to @ontr t[s]

process in such a way. Fig. 7 Results of the real hydraulic system contii¢h digital PI control

algorithm designed by the optimal module method



SCYR 2011 - 1% Scientific Conference of Young Researchers — REbT KoSice

In Fig. 8 results of the real hydraulic system cointvith
digital PI control algorithm designed by the stamd&orm
method according to Butterworth are visible. Insthase the
reference trajectory was variable and control pgeagas not
affected by any disturbances.

Frequency drive voltage
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Fig. 8 Results of the real hydraulic system contrith digital Pl control
algorithm designed by the standard form method raaeg to Butterworth

By Fig. 7 and Fig. 8 comparison it is clear thahgdigital
Pl control algorithm designed on the basis of tiptinaal

module method causes a smaller overshoot of cdadrol

quantity with the step change of reference trajgctohis fact

was confirmed by comparison of real hydraulic syst®ntrol

results, where digital Pl control algorithms desidrby both
methods were used and the reference trajectory thas
constant function.

Essentially it can be pointed out that real hydcasystem
control with digital PID control algorithms enablés fulfill
aims of control. However, it is necessary to ndiat tthe
maximal liquid level overflow in the first tank de@ot occur
only when the derivative part is close to zero. Tigital Pl
control algorithm, designed on the basis of thedinmodel
for properly chosen operating point, is robust ejouo
change the desired value of liquid level in theosectank.
However, in selection the range of reference ttajgcit is
necessary to take fact that the liquid level in fing tank is
higher than in the second tank into consideration.

V. CONCLUSION

The real hydraulic system, which constitutes arcatianal
model for identification and control algorithms Wigation at
the Department of Cybernetics and Artificial Inigdéince was
introduced in the paper. Its mathematical desaniptn form
of nonlinear differential equations, which servedthe base
for creating the nonlinear simulation model in Shimki was
mentioned.

The main goal of this paper was to present thecttre of

the real hydraulic system connection to the PCutjnothe
PLC and possibility to carry out real system canyocontrol
algorithms, which are programmed and running in ladat
Commands providing DDE communication between PLE an
Matlab were introduced in the main program flow rtha
diagram.

Results of the real hydraulic system control withitdl Pl
control algorithms were presented in the end obpapesides
using PID control algorithms my aim is also to feri
algorithms of modern control theory on this systéefor,
instance linear quadratic algorithm based on tht¢e sspace
model or predictive control algorithms, where thaeér
model of system, created by nonlinear differengiqliations
linearization, will be used as a predictor. Howevelso plan
to obtain the linear model of system as a linegrassion
ARX model by experimental identification of reaksym.

My next aim is to use real hydraulic system in nuadr
predictive control algorithms with a neural networkhe
neural network will be trained on the basis of nneed data
from real hydraulic system and it will serve as lhoaar
predictor.
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