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Design of control algorithm for coal filling bolt in a power
plant boiler

tukasz Dworzak

Abstract: The article presents the steps followed for theeltmment of the schematic
equation by new rules for memory realization in fph method. These steps are presented
on the example of coal filling bolt in a power pidiler.
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1. Introduction

In times of global economic crisis and increasinghorter product life cycles, the main
feature that gives a competitive advantage is tilé@yato fast and flexible production setup. Isal
involves the need to reprogram the control systérproduction machines. This necessitates the
need to search for a fast, reliable and simple deeryday use methods to develop control
algorithms for the new processes. Classical metfmdbe synthesis of control algorithms [1,2] are
impractical for everyday use, and the resultinguoh is not to use them fully exploit the
opportunities offered by today's control systempglémented by the PLC.

An alternative to these methods are Grafcet [3] FC [5] methods that are easy to use
but have a few restrictions. The main disadvantadke possibility of implementing only in some
PLC. This is because the resulting code class#ied unknown. In addition, the program wrote
using Grafcet or SFC language requires a lot ofprdimg power.

The solution to the above disadvantages has torafp@ method [6]. Due to complex and
time-consuming way to implement memory it not foumidler application. However, steps have
been taken to develop new rules for the memoryizat#n, the result of which would Grafpol
method make easier and faster to use.

2. Grafpol method

Developed the early 90s of the 20th century Grafpethod [6] is used for modeling and
programming sequential and concurrent procedureghdd strictly determined algorithm (Fig.1)
from the definition of the actuator sequence tofthal solution in the form of schematic equation
that can be written as a program of the PLC.
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Fig. 1. Modelling and programming phases of sedakptocedures by Grafpol method
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In previous Grafpol method form memory was realizedthe fourth stage by the
Transformation Network Method (MTS). This methodjuges analyzing the inputs and outputs
signals of the control system, which involves ahHapor-intensity.

MTS has a complicated realization of memory, maaast valves and the lack of
implementation time-steps. Therefore, the work wadertaken and aimed at replacing the MTS by
solution faster to implement and having a widergef applications. As a result of the work
developed new rules of memory realization in Grhfpethod. The new rules are applicable to
sequential and concurrent procedures with or withione steps. New rules using algorithm is
shown in Fig. 2.
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Fig. 2. Algorithm of using new rules memory realiaa Grafpol method
2.1. Example of Grafpol method use

New rules of memory realization Grafpol method Wil be presented as an example of the
control system in the coal filling bolt in a powaant boiler. The bolt is used to shut off theirfid
of coal to the boiler and consists of two pneumdtizes. Drive 1A closes the bolt and drive 2A1
clamp the bolt after closing.

2.1.1. Functional diagram

Functional diagram outlines the process the defacevhich we will develop schematic
equation in an initial state. Scheme shall contdirthe signaling and control elements enabling
clear definition of input and output devices. Fimal diagram for coal filling bolt is shown in
Fig. 3.
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Fig. 3. Functional diagram for coal filling bolt

2.1.1. Process and control algorithm

Based on the functional diagram and descriptionthef work we define the process
algorithm, which is written by a network Grafpol GFg. 4a). Already at this stage, we can take
advantage of the new rules of memory realizatidindethe transition form after time stage. The
character of this transition is defined accordiogttie principle: in transition after time stage
initialization (j+1) of thek-timer we used-timer output in the form of:

t,, =TON,Q (1)

On the basis of the process algorithm it is poesibl develop a control algorithm by

mapping the stages of the steps (Fig. 4b). Theraloalgorithm is the basis for memory realization
and synthesis schematic equation.

2.1.1. Memory realization and schematic equationttessis

With the control algorithm (Fig. 4b) we begin talize the schematic equation according to
the new rules of memory realization (Fig.3).

First we specify the transitions in which the meynoells should be set according to the
principle: If the actuator move from starting pasitis done the memory cell is set.

Conditions under which the memory cells shouldsbe describe transitiot). Equations
describing the elementary memory cells have tHevidghg form:
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M, (S) =t,,

M,(S) =t 8y,
M.(9=4 "
M, S) =tlm _, @,

In our example memory should be set in step 2 and 4
Now we set the forms of transition with set memeignals according to the principle:
If j-th memory cell j) is set then:
- all transitions before the transitions in which rthevas a set of-th memory cell until
transition where previous memory cell was set oo z@nsition, has the form:

t* =t O, L. 3)

- all transitions following the transition in whichdre was a set ¢fth memory cell until
transition where next memory cell is set or laahsition, has the form:

t* =t O, [.. 4)
a) b) c)
I I I
0S1 0S1 0S1
— t —_1 b — t*
051181 081+151 step 1 0S81+181+m,
E1 (1A™) Y (Y1) Y+ (Y1)
— t — —
182 182 step 2 182:m,
E2 (Timer;) Timer, Timer;,  —|Mi(8)=182
1y 14 B m=TON;IN(2s)
Timer22s TON;Q step 3| | TON;Qemi*m;
E3 (2A™) Y, @2y 1) Yo @2y 1)
—I b —1 & —— t*
052-252 082-252 step 4 082:282+m,
E4 (2A(2)) YE(Z) (2Y2) Yg(z) (2Y2) —|M2(S)=282-m1'TON1Q
—_ b —_ t —1 t*
251 281 step 5 2S1-m,
E5 (Timer,) Timer, Timer,  —MT4(S)
1t 1t B mt;=TON,IN(2s)
Timer,22s TON,Q step 6 TON,Q*m;
E6 (1A®?) Y42 (1Y2) Y42 (1Y2)
1 4 B —— t5*=1S1*my —{M;2(R)*MT+(R)

Fig. 4. a) Process algorithm, b) Control algoritthControl algorithm with realized memory and tiser
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Then we associate the memory cells with the timmecerding to the rule:

If the conditiont; (before the step wheilletimer is initialized) is true then the associateith a
timer memory (MT) should be set.

If in this step some memory cell is already sehtive use these memory as associated with
timer. The associated with timers memory signaésumed to initialize the timer. In this example,
the associated memory should be saved in step 8.@8elcause in step 2 is already set memory cell
M there is no need to set a new memory cell.

Finally, we define the form of the last transitiamhich is responsible for the reset of all
used memory cell according to the rule:

If last transition condition with memory is trug | then reset of all used memory cells.

The equation describing the memory cells resest iliows:

=t m =M, (RIM,(R)1..IM (R) IMT,(R) IMT,,(R) I.. IMT, (R) 5)

As a result of the action we get control algoritkith realized memory, time steps, and
timer (Fig. 4c). On this base we can define scheneguation. For example it is shown as follows:
0S10SLn, =Y,® =1v1
TON,Qnn, =Y,* =2v1
0S2[2S20n, =Y,? =2v2
TON,Qn, =Y,? =1y2
FeY,M)=> 182=M(9) (6)
2S2[n, [TON,Q = M, (S)
2S10n, = MT,(S)
1SLin, = M,(R) (M, (R) IMT (R)

m, = TON,IN (2s)
m, =TON,IN (2s)

3. Summary

The ability to quickly create control algorithmsdathe implementation of memory is
essential for rapid set-up of production. The pamesents new rules of memory realization and
synthesis of schematic equation in Grafpol mettialieloped procedure and rules for the memory
realization is shown for example the control systneoal filling bolt in power plant (sequential
procedure with time-steps).

Compared with the original method of memory reaiora (Network Transformation
Method — MTS) new rules of memory realization anaracterized by a lack of analyze the in and
out control signals, what simplifies implementatiand significantly reduces the time to develop
the schematic equation. The new rules allow thehggived schematic equation for procedures
involving time stages.

Grafpol method with the new memory realization suleas become very similar to the
Grafcet and SFC methods. Although Grafpol is lessaced than the Grafcet and SFC, has several
advantages over them. The main is transparendyeiform of the schematic equation. This enables
the implementation in almost any PLC and any laggusompatible with the PN-EN 61131-3.
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PROJEKTOWANIE ALGORYTMU STEROWANIA ZASUW A PLYTOW A
ZASYPU WEGLA W ELEKTROWNI

Jednym z czynnikbw pozwalgych uzyské przewag konkurencyja jest zdolné¢ do
szybkiego przezbrajania maszyn produkcyjnych i mogw nimi sterujcych. Dlatego istotn
kwesta jest dysponowanie metodami u#iwiajacymi proste i szybkie syntezowanie
niezawodnych réwnaschematowych, ktére opiguglgorytmy sterowania.

Klasyczne metody syntezy rownachematowych opracowane zostaty gtéwnie do regliza
uktadéw sterowania wykonanych jako uktady stykownelanikowe. Dlatego wraz z rozwojem
sterownikéw PLC nie wykorzystypne ich maliwosci w petni, a ponadtoasczasochtonne.

Alternatywe dla klasycznych metod stanawnetody Grafcet, SFC i Grafpol. Pomimo zalet
metod Grafcet i SFC, takich jak szeroki zakresamamiah oraz intuicyjn@c¢, ich zasadnicz wach
jest maliwos¢ implementacji wylcznie w wybranych sterownikach. Niedogoéfota nie
wystepuje w przypadku metody Grafpol, ktéra uttieia implementagj otrzymanego réwnania
schematowego w dowolnym sterowniku. Dotychczas gkdmaméé realizowana byta za pomc
Metody Transformacji Sieci, ktora jest pracochtonBdatego te podgto prace majce na celu
opracowanie zasad umlaviajacych realizag pamkeci w sposdb prostszy i szybszyzniv
przypadku MTS. W wyniku prowadzonych prac wyznaczorowe zasady realizacji pagi
metody Grafpol, ktére przedstawiono w artykule nayktadzie uktadu sterowania zasuzasypu
wegla do kotta w elektrowni.

Opracowane rozwkanie, w poréwnaniu z MTS, charakteryzuje Brakiem koniecznii
analizy przebiegu sygnatow wejowych i wyjciowych oraz umdiwia syntez réwnania
schematowego tak dla procedur zawiergych etapy czasowe. W odniesieniu do metod Grafcet
i SFC opracowane zasady uttiwiaja opracowanie rOwnania schematowego w jawnej postaci
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