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Piedavataja metodé un sistéma, lai regulétu gaisa/gazes attiecibu sadedzinasanai krasni, izmantojot
atpalik8anas - apsteigSanas tipa regulé$anu, apsteidzogie un atpaliekoSie parametri tiek kontroléti, lai generétu
apsteidzes un atpalikSanas signalus, kas reprezenté 50 parametru vértibas. Tie tiek salidzinati, lai generétu
kludas signalu, kas reprezenté apsteidzo3o un atpalieko$o parametru attiecibas novirzi no iepriek$ izvélétas
attiecibas. Péc tam atpalieko3ais parametrs tiek piereguléts, lai samazinatu novirzi, atbildot uz to, ka
novirze parsniegusi iepriek$ izvéléto novirzi.
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1IZGUDROJUMA FORMULA

Metode mainiga apsteidzo¥a parametra un piereguléjama atpalieko$a parametra
attiecibas regulé$anai atpalik3anas — apsteigSanas tipa reguléSanas procesa, kur
metode satur:

- min&ta apsteidzo$a parametra kontrolé$anu un apsteidzes signila gener&Sanu, kas
reprezenté minéta apsteidzo3a parametra vertibu;

- min&ta atpalieko$a parametra kontrolé3anu un atpalikSanas signala generésanu,
kas reprezenté minéta atpalieko3a parametra vértibu;

- minéto apsteidzes un atpalikSanas signélu salidzinasanu un k]idas signala
genergsanu, kas reprezent& mingto apsteidzes un atpalik3anas signalu attiecibas
novirzi no ieprieks izvéletas attiecibas; un

- minéta atpalik$anas parametra piereguléSanu, lai samazinatu minéto novirzi,

atbildot uz to, ka minéta novirze parsniedz ieprieks izvél&to novirzi.

Metode atbilstosi 1. punktam, kas satur minéta k]iidas signala salidzinasanu ar
ieprieks izvéletu sliekspa vértibu un mingta atpaliekosa parametra piereguléSanu,
atbildot uz to, ka kltidas signals parsniedz minéto ieprieks izvéléto sliek3pa vertibu.
Metode atbilstodi 1. vai 2. punktam, kas satur minéta k]adas signala salidzinaSanu
ar kludas diapazonu, ko nosaka pirma, augsgja, ieprieks izveleta sliek3pa vértiba un
otra, apaksgja, ieprieks izvéleta sliek$pa vértiba, un min€ta atpalieko3a parametra
piereguléSanu, atbildot uz to, ka mingtais kliidas signals ir izgdjis arpus minéta

k]tudas diapazona.

Metode atbilsto$i 3. punktam, kas satur:

- min&ta atpalieko$a parametra pieregulé3anu, lai samazinatu minéto attiecibu,
atbildot uz to, ka minétais k]iidas signals ir virs miné&ta k]idas diapazona; un

- minéta atpalieko$a parametra pieregulésanu, lai palielinatu minéto attiecibu,

atbildot uz to, ka minétais k]odas signals ir zem min&ta k}idas diapazona.

Metode atbilsto$i 4. punktam, kur:
- minéta pirma, aug3éja, ieprieks izveleta sliek$pa vértiba ir pozitiva vertiba un
minéta otra, apakéja, ieprieks izvéleta sliek$pa vértiba ir negativa veértiba;

- pozitivs k]iidas signals indicg minétas attiecibas palielinaSanos no mingtas



10.

11.

ieprieks izveletas attiecibas un negativs klidas signals indicé minétas attiecibas
samazinaganos no mingtas ieprieks izvElEtas attiecibas;

un metode satur:

- minéta atpalieko$a parametra piereguléSanu, lai samazinatu mingto attiecibu,
atbildot uz to, ka minétais k]tdas signals ir pozitivs un parsniedz pirmo, augsgjo,
ieprieks izvéleto sliekpa vertibu; un

- minéta atpalieko$a parametra pieregul€sanu, lai palielinatu mingto attiecibu,
atbildot uz to, ka mingtais k]idas signals ir negativs un parsniedz minéto otro,

apaksgjo, ieprieks izvél&to sliekSpa vertibu.

Metode atbilstodi no 2. lidz 5. punktam, kur ta vai katra minéta sliekSpa vértiba ir

fikséta vértiba.

Metode atbilstosi no 2. [idz 5. punktam, kur ta vai katra minéta sliekSpa vértiba ir

minéta atpalieko$a parametra vértibas funkcija.

Metode atbilstosi 7. punktam, kur solis, kura notiek minéta k]udas signala
salidzinagana ar to vai katru slickspa vértibu, satur minéta sliek3na vertibas
pieregulésanu atkariba no minéta atpalieko3a parametra vértibas un minéta kladas

signala salidzinaSanu ar minéto piereguléto sliekSpa veértibu.

Metode atbilsto3i 8. punktam, kas satur:
- references tabulas izveido3anu sliek3pa vértibu daudzuma ierakstisanai; un
- minétas sliek3pa vértibas pieregule3anas soli, kas satur vienas no mingtajam

sliek$pa vértibam izvéli atkariba no mingta atpaliekosa parametra vértibas.

Metode atbilstosi 7. punktam, kur:

- 14 vai katra sliek$pa vértiba satur daudzus sliek3pa limenus; un

- solis, kura notiek minéta kludas signala salidzinasana ar to vai katru sliekSpa
vértibuy, satur slieksna limena izvél&sanos katrai sliekSpa vértibai atkariba no minéta
atpalieko3d parametra vértibas un mineta k]udas signala salidzina$anu ar minéto

izvéleto sliek$pa vertibu.

Metode atbilstosi 10. punktam, kas satur:
- references tabulas izveido$anu minéta sliek3pa limenu daudzuma jerakstiSanai; un
- minétas sliek3pa vértibas pieregulésanas soli, kas satur viena no minétajiem

sliek§pa Iimepiem izvélésanos atkariba no minéta atpalieko$a parametra vértibas.




12. Metode atbilstosi jebkuram no 1. 1idz 11. punktam, kur:
- min&tie apsteidzogie un atpaliekogie parametri ir min€ta riipnieciska procesa
apsteidzo3o un atpalieko$o gazu plismu atrumi;
un minéta metode satur:
- atpalieko$u ventilu lidzek]u ieriko3anu minétas atpalieko3as gazes pliismas

regulésanai;
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- min&to atpalieko3o ventilu lidzeklu stavok]a kontrol&Sanu minéto ventiju lidzek|u

atvér$anas vai aizvér$anas laika;

- min&tas atpalieko$s gazes pliismas atruma kontrol&Sanu mingto ventiju lidzek]u

atvér¥anas vai aizvérsanas laika;

- minéto ventiju lidzek]u stavokla izmainu salidzina$anu ar min&tas atpaliekoas

gazes plismas atruma izmaipam; un

- minétas sliek$pa vértibas pieregulésanu, atbildot uz to, ka minéta salidzinaSana

indice izmaipas minéto ventiu lidzek|u raksturlielumos.

13. Metode atbilstodi 12. punktam, kas pievienots 9. vai 11. punktam, kur min€tas

sliek3na vértibas pieregulé$anas solis satur sliek3pa vértibu piereguléSanu vai

Iimenu pieregulé$anu minétaja references tabula.

14. Metode atbilstosi jebkuram no 1. lidz 13. punktam, kur:
- minétais apsteidzosais parametrs ir sadedzindmas gazes plismas atrums;
- minétais atpalieko$ais parametrs ir gaisa plismas atrums;

- minétais process ir sadedzinaSanas process.

15. Regulésanas sistéma (34), lai veiktu atpalikSanas — apsteigSanas tipa reguléSanu

procesam, kuram ir mainigs apsteidzo§s parametrs un pieregul&jams atpaliekoss

parametrs, kur sistéma satur:

- apsteig8anas kontroles Iidzek]us (26) minéta apsteidzo3a parametra kontroleSanai

un apsteidzes signala generéianai, kas reprezenté minéta apsteidzo3a parametra

vértibu;

- atpalik3anas kontroles lidzek]us (32) minéta atpalieko3a parametra kontrol€Sanai

un atpalik3anas signala gener&3anai, kas reprezenté minéta atpalieko3a parametra

veértibu,

- komparatora Iidzek]us (102) minéto apsteidzes un atpalik3anas signalu

salidzinasanai un k]iidas signala generé3anai, kas reprezent€ minéto apsteidzes un

atpalikanas signalu attiecibas novirzi no ieprieks izvel&tas attiecibas; un



16.

17.

18.

19.

- pieregulésanas lidzek]us (116, 1 18) mingta atpalieko$a parametra pieregulésanai,
lai samazinatu minéto novirzi, atbildot uz to, ka minéta novirze parsniedz ieprieks
izvéléto novirzi.

Regulgsanas sistéma atbilstosi 15. punktam, kas papildus satur:

- sliek¥pa vértibas lidzeklus (108, 110) ieprieks izvélamas sliekspa vértibas
jiestadisanai,

- komparatora lidzek]us (104, 106) minéta kliidas signala salidzina3anai ar minéto
ieprieks izvelamo sliek$pa vertibu;

- un kur min&tie pieregul&Sanas lidzekli (116, 1 18) ir darbinami, lai pieregulétu
minéto atpaliekoSo parametru, atbildot uz to, ka minétais k]iidas signals parsniedz

minéto ieprieks izvélamo sliek$na vertibu.

Reguledanas sistéma atbilstosi 16. punktam, kur:

- minétie sliek3pa vértibas lidzek]i satur pirmos, augsgjos sliek$pa vertibas
lidzek]us (108) pirmas, aug3gjas, ieprieks izveletas sliekSpa vertibas iestadiSanai un
otros, apak3gjos sliek3pa vertibas lidzek]us (110) otras, apak3gjas, ieprieks izveletas
sliek¥pa vértibas iestadisanai, tadgjadi defingjot kltidas diapazonu;

- mingtie komparatora lidzek]i (104, 106) ir darbinami, lai salidzinatu mingto
kludas signalu ar minéto aug3gjo un apak3gjo ieprieks izv€lamo sliek3pa veértibu; un
- kur mingtie pieregulé3anas lidzekli (116, 118) ir darbinami, lai pieregul&tu min€to
atpalieko3o parametru, atbildot uz to, ka min&tais k|Gdas signals atrodas arpus

minéta k|iidas diapazona.

Reguléianas sistéma atbilstosi 17. punktam, kur:

- minétie pieregulésanas lidzekli (116, 118) ir darbinami, pieregul€&jot min€to
atpalieko$o parametru, lai samazinatu minéto attiecibu, atbildot uz to, ka mingtais
kltidas signals ir virs min&ta k]adas diapazona, un pieregulgjot minto atpaliekoso
parametru, lai palielinatu min&to attiecibu, atbildot uz to, ka mingtais k|idas signals
ir zem minéta k]idas diapazona.

Regulésanas sistéma atbilstoi 18. punktam, kur

- minéta pirma, augseja, ieprieks izveleta sliekSpa vértiba ir pozitiva vértiba un
minéta otra, apakiEja, ieprieks izveleta sliekSpa vértiba ir negativa vertiba,

- pozitivs kludas signls indic€ min&tas attiecibas palielina$anos pret minéto

ieprieks izvéleto attiecibu, un negativs kluidas signals indicé minétas attiecibas




20.

21.

22.

23.

24.
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samazinasanos pret minéto iepriek$ izvél&to attiecibu; un

- kur minétie pieregulésanas lidzekli (116, 118) ir darbinami, lai samazinatu minéto
attiecibu, atbildot uz to, ka kiidas signals ir pozitivs un parsniedz min€to pirmo,
augigjo, ieprieks izvéleto sliekdna vertibu, un lai palielinatu minéto attiecibu,
atbildot uz to, ka kliidas signals ir negativs un parsniedz mingto otro, apaksgjo,

ieprieks izvél&to sliek3pa vertibu.

Reguléianas sistéma atbilstosi jebkuram no 16. lidz 19. punktam, kur ta vai katra

minéta sliek$na vertiba ir fiks€ta vertiba.

Regul&sanas sistéma atbilstosi jebkuram no 16. lidz 19. punktam, kur ta vai katra

minéta slieck§pa vértiba ir mingta atpalieko3a parametra vértibas funkcija.

Regul&Sanas sistéma atbilstodi 21. punktam, kas papildus satur piereguléSanas
Iidzeklus (222) min&tas sliek3pa vertibas pieregulésanai atkariba no minéta
atpalieko$a parametra vértibas un kur minétie komparatora lidzekli (104, 106) ir
darbinami, lai salidzinatu minéto kjiidas signdlu ar min&to iereguléto sliek3pa

vértibu.

Reguléanas sistéma atbilstosi 22. punktam, kur:

- minétie sliek3pa vértibas lidzek]i satur references tabulu (208, 210) sliekSpa
vértibu daudzuma ieraksti$anai; un

- kur miné&tie sliek3pu vértibu pieregulesanas lidzek]i (222) ir darbinami, lai
pieregulétu minéto sliek3pa vértibu, izvéloties vienu no min&tajam sliek3pa

vértibam atkariba no minéta atpalieko3a parametra vertibas.

Regulésanas sistéma atbilstosi 21. punktam, kas papildus satur:

- pieregulésanas lidzekus (222) minétas sliek3pa vértibas pieregul€Sanai atkariba
no minéta atpalieko3a parametra vertibas;

un kur:

- 3 vai katra sliek3pa vertiba satur daudzus sliek$na limequs;

- mindtie sliek3pa vértibas pieregulesanas lidzekli (222) ir darbinami, lai
pieregulétu min&to sliek3pa vértibu, izvéloties vienu no mingtajiem sliekspa
limeniem atkariba no minéta atpalieko$a parametra vértibas; un

- minétie komparatora Iidzek]i (104, 106) ir darbinami, lai salidzinatu minéto

k]adas signalu ar minéto izvEleto sliek3pa limeni.



25.

26.

27.

Regulesanas sistéma atbilstosi 24. punktam, kur:

- minétie sliek¥pa vértibas lidzek]i satur references tabulu (208, 210) daudzu
slickipa vértibu ieraksti$anai; un

- min&tie sliek$pa vértibas pieregulésanas lidzekli (222) ir darbinami, lai
pieregulétu minéto sliek3pa vertibu, izvéloties vienu no min&tajam sliekSpa

vértibam atkariba no minéta atpalieko$a parametra vértibas.

Regulésanas sistéma atbilstoi jebkuram no 15. 11dz 25. punktam, kur:

- minétie apsteidzoie un atpalicko3ie parametri ir mingta riipnieciska procesa
apsteidzo$o un atpaliekoSo gazu plismu atrumi;

un minéta regulé$anas sistéma satur:

- atpalieko3os ventilu lidzeklus (28) minétas atpalieko3as gazes plismas
regul&sanai;

- stavokla kontroles lidzek}us (322) mingto atpaliekoSo ventila lidzeklu (28)
stavokla kontrolésanai min€to atpaliekoSo ventiu lidzek]u atvérSanas vai
aizvérdanas laika un to reprezentgjo$a stavok|a signala generésanai;

kur:

- minétie atpalik3anas kontroles lidzekli (32) ir darbinami, lai kontrolétu mingtas
atpalieko3as gazes pliismas atrumu min€to atpaliekoso ventiju lidzek]u (28)
atverianas vai aizverdanas laika un generétu to reprezent€joSu plismas atruma
signalu;

un minéta reguléSanas sistéma papildus satur:

- uzglabasanas lidzekjus (302), lai uzglabatu minéto stavokla un pliismas atruma
signalu paraugu vértibas, kas reprezent€ mingto atpalieko3o ventilu lidzek]u
ieprieks izvéletos raksturlielumus;

- otrus komparatora lidzek]us (302) mingto atpaliekoso ventiju lidzek]u (28) ventija
stavokl]a un atpalieko3as gazes plismas atruma salidzina$anai mingto atpaliekoSo
ventilu lidzeklu kustibas laika ar uzglabatajam vertibam,;

- un otrus pieregulé$anas lidzeklus (302) min€tas slick$na vértibas pieregulésanai,
atbildot uz minéto salidzingjumu, kas uzrdda izmaigu mingto atpaliekoso ventilu

lidzek]u (28) raksturlielumos.
Reguléianas sistéma atbilstoi jebkuram no 15. lidz 25. punktam, kur:
- mingtie apsteidzo3ie un atpaliekosie parametri ir minéta riipnieciska procesa

apsteidzoso un atpalieko3o gazu plismu atrumi;




28.
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un minéta regulé$anas sistéma satur:

- atpalieko$os ventilu lidzek]us (28) minétas atpalieko$as gazes pliismas
regul&sanai;

- stavok]a kontroles lidzek]us (322) mingto atpalieko3o ventiju lidzek]u stavok]a
kontrol&sanai minéto atpalieko3o ventilu lidzek]u atvér3anas vai aizvérSanas laika
un to reprezent&josa stavok|a signala generéSanai;

kur:

- min&tie atpalik3anas kontroles lidzekli (32) ir darbinami, lai kontrolétu minétas
atpaliekosas gazes pliismas atrumu minéto atpaliekoSo ventiju lidzek]u (28)
atvérianas vai aizver$anas laika un gener&tu to reprezent&joSu plismas atruma
signalu;

un minéta regulé$anas sistéma papildus satur:

- uzglabasanas lidzek]us (302), lai uzglabatu min€to stavokla un plismas atruma
signilu paraugu vértibas, kas reprezenté minéto atpaliekoo ventiju lidzek]u
ieprieks izveletos raksturlielumus;

- otrus komparatora lidzeklus (302), lai salidzinatu atpalicko$as gazes plusmas
atrumu min&to ventila lidzek]u kustibas laika ar uzglabato vértibu, kas atbilst
kontrol&tajam min&to atpalieko3o ventila Iidzek}u stavoklim; un

- otrus piereguléanas Iidzek]us (302) minétas sliek3pa vértibas piereguléSanai
atbildot uz minéto salidzinajumu, kas uzrada izmaigu minéto atpaliekoSo ventiju

Iidzek]u raksturlielumos.

Regulésanas sistéma atbilstosi jebkuram no 15. 1idz 27. punktam, kur:
- minétais apsteidzoSais parametrs ir sadedzindmas gazes plismas atrums;
- minétais atpaliekoSais parametrs ir gaisa plismas atrums;

- un minétais process ir sadedzinasanas process.
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Method of And System For Controlling The Ratio of A Variable Lead Parameter And
An Adjustable Lag Parameter For A Lag-lead Process

The present invention relates to a method of and system for controlling the ratio of a variable
lead parameter and an adjustable lag parameter for a lag-lead process and particularly, but

not exclusively, to apparatus for controlling the air/gas ratio in a.gas combustion plant.

It is known that the air/gas ratio (AGR) in a gas coﬁbustion plant should be maintained
substantially constant to achieve optimum combustion efficiency of the plant. Air/gas ratio
controllers are used in the plant to maintain the air/gas ratio when the gas flow rate is
increased or decreased. To achieve this, the air/gas ratio controller monitors the gas flow rate

and adjusts the air flow rate accordingly, usually by adjusting a valve in an air supply line.

A problem with existing air/gas ratio control is the difficulty in adjusting the air flow rate to
match accurately the gas flow rate. The present invention aims to provide an improved

method and system for air/gas ratio control.

Accordingly; the present invention provides a method of controlling the ratio of a variable
lead parameter and an adjustable lag parameter for a lag-lead process, the method
comprising: monitoring said lead parameter and providing a lead signal representative of the
value of said lead parameter; monitoring said lag parameter and providing a lag signal
representative of the value of said lag parameter; comparing said lead and lag signals and
providing an error signal representative of the deﬁaﬁon of the ratio of said lead and lag
parameters from a preselected ratib; and adjusting said lag parameter to reduce said deviation

in response to said deviation exceeding a preselected deviation.

In apreferred form of the invention said error signal is compared with a preselected threshold

value and said lag parameter is adjusted in response to said error signal exceeding said

preselected threshold value. Advantageously, the eror signal is compared with an error
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range defined by a first, upper preselected threshold value and a second, lower preselected
threshold value and said lag parameter is adjusted in response to said error signal falling
outside said error rahge. '

The present invention also provides a control system for providing lag-lead control of a
process having a variable lead parameter and an adjustable lag parameter, the system
comprising: lead monitoring means for mbnitoring said lead parameter and providing a lead
signal representative of the value of said lead parameter; lag monitoring means for
monitoring said lag parameter and providing a lag signal representative of the value of said
lag parameter; comparator means for comparing said lead and lag signals and providing an
error signal representative of the deviation of the ratio of said lead and lag parameters from
a preselected ratio; and adjusting means for adjusting said lag parameter to reduce said

deviation in response to said deviation exceeding a preselected deviation.

Advantageously, the system further comprises threshold value means for providing a
preselectable threshold value and comparator means for comparing said error signal with said
preselectable threshold value. The adjusting means is operable to adjust said lag parameter

in response to said error signal exceeding said preselectable threshold value.

Preferably, said threshold value means ¢omprises a first, upper threshold value means for
providing a first, upper preselected threshold value and a second, lower threshold value
means for providing a second, lower preselectable threshold value, thereby to define an error
range; said comparator means is operable to compare said error signal with said upper and
lower preselectable threshold values; and said adjusting means is operable to adjust said lag

parameter in response to said error signal falling outside said error range.

The present invention will now be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1 is a schematic block diagram showing a typical gas combustion plant;




10

15

LV 13096

Figure 2 is a schematic block diagram of an air/gas ratio controller used in the plant of Figure

1;

Figure 3 is a schematic block diagram of a control system having a preferred form of air/gas

ratio controller according to one aspect of the present invention;

Figure 4 is a schematic block diagram of a preferred form of air/gas ratio controller according

to another aspect of the present invention;

Figure 5 is a schematic block diagram of a modification to the controller of fig. 4;
Figure 6 is a graph showing the change in valve position with applied control voltage;
Figure 7 is a graph showing the derivative of the valve characteristic of Figure 6; and

Figure 8 is a graph showing the relationship between the valve derivative and total deadband

value,

A typical gas combustion plant 10 is shown in Figure 1. The plant 10 consists of three main
parts, a temperature controller 12, an air/gas ratio control system 20 and a burner 40 within,

for example, a kiln or furnace 41.

The temperature controller 12 is able to control the temperature of the furnace 41, either by
following a predetermined temperature profile or by allowing a user to define the desired
temperature profile. To increase the temperature of the furnace, for example, the controller
12 adjusts the valve in the gas supply line to iﬁcrease the flow rate of the gas supplied to the
burner and the air/gas ratio control system 20 adjusts the air flow rate to attempt to maintain
the ratio between the flow rates of the air and the gas supplied to the bumer substantially

constant. A typical configuration for an air/gas ratio control system is shown in Figure 2.
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The system 20 includes a gas valve 22 connected to the gas supply line 24 for varying the gas
flow rate along the line. A gas flow measurement sensor 26 is positioned downstream of the
gas valve 22 for momtonng the gas flow rate along the line, Similarly, an air valve 28 is
positioned at a point in the air supply line 30 for varying the air flow rate along the line and
an air flow measurement sensor 32 is positioned downstream of the air valve 28 for

monitoring the air flow rate along the air line.

The gas valve 22 is connected to receive an input signal from the temperature controller 12
to adjust the flow rate of the gas. The air valve 28 is connected to receive an input from an
air/gas ratio controller 34 to adjust the flow rate of the airin dependence on the gas flow rate.
The air/gas ratio controller 34 receives an input from both of the gas and air measurement
sensors 26, 32 and compares the flow rates of the gas and the air and adjusts the air valve to

maintain the required air/gas ratio.

It can be seen that if the combustion process is to function with the maximum possible
efficiency, the air/gas ratio controller 34 must control the air valve to follow changes in the

gas valve as closely as possible.

Sucha sysfem is commonly known as alag-lead system. In a lag-lead system when a lead
parameter (the gas flow rate) varies, alag parameter (in this case the air flow rate) is adjusted

to maintain the ratio of the parameters substantially'constant.

The flow rate of the air and the gas are monitored by the measurement sensors of the air/gas
ratio control system 20. These preferably sample the flow rate at a predetermined sampling
rate. The Iead parameter (here the gas flow rate) and the lag parameter (here the air flow
rate) are sampled at regular time intervals, The lead parameter is sampled usually at a faster
rate than the lag parameter and can be sampled as fast as once every 20ms. The sample rate
of the lag parameter would be adjusted to suit the lead parameter sample rate and in this
instance would be typically once every 120ms. A typical sample range for the lag parameter

would be between 100ms and 500ms. In a natural gas combustion system the air/gas ratio

4
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is typically required to be maintained in the order of 10:1, known as the stoichiometric/gas
ratio. Changes in the temperature reference signal result in the gas valve being adjusted by
the temperature controller 12. This changes the gas flow rate and thus the air/gas ratio from
the desired value. This change in the gas flow rate is monitored by the controller 34 which

acts to adjust the air valve 28 to return the air/gas ratio to the desired value.

Ifa change in the air/gas ratio is detected (i.e. the air/gas ratio moves away from the desired
value) by the air/gas ratio controller during a particular sampling of the air and gas flow the
controller will move the air valve in the required direction (either towards its fully open or

fully closed position) until the next sample is taken.

However, if the error in the air/gas ratio is smaller than the change _in the air/gas ratio effected
by the air valve movement over one sample interval (the period between one sample time and
the next) the valve will overshoot the desired position and the desired air flow rate will not
be achieved. At thenext sampling, the controller 34 will detect areverse error and will move
the valve in the opposite direction i.e. it will move the valve towards its closed position if the
previous error caused the valve to be rﬁoved towards its open position, and vice versa.
Again, the valve will be moved too far in the reverse direction during the sample interval and
will stop at or close to its initial position i.e. the position from which it was first moved in
response to the originally monitored error in the air/gas ratio. This opening and closing of
the valve, known as hunting, will repeat for as long as the error in the air/gas ratio remains
substantially the same as or smaller than the change effected by movement of the air valve
over one sampling interval. The air valve and consequenﬂy the air flow rate will thus
oscillate about the level required to achieve the desired air/gas ratio. These oscillations are

known as limit cyecles.

It can be seen that if the error in the air/gas ratio exceeds a particular threshold level (being
defined by the change in the air/gas ratio effected by the air valve movement over one sample
interval) then no limit cycling will occur, However, if the error lies below the threshold level

then limit cycling will occur. For valves with linear characteristics i.e. which exhibit a linear

5
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response, the threshold level is constant throiighout the valve’s operating range. However,

many electromagnetically operated valves exhibit a non-linear response where the air flow

- rate through the valve varies non-linearly in relation to the applied control signal. Thus, the

change in the air flow through the valve during movement of the valve towards its fully open
or fully closed position over a single sample interval will be different depending on the
position of the valve within its operating range (Figure 6). Consequently, the threshold level
defining the area value below which limit cycling occurs will vary over the operating range

of the valve.

Since the motor driving the valve acts as an integrator, the change in flow over one sampling
interval can be found by differentiating the valve characteristic (Figure 7). The differential
curve of the valve characteristic shows how much the valve moves (and thus by how much
the air flow rate will alter) during one sample interval, depending on the initial position of
the valve in the valve operating range. Since errors in the air/gas ratio can have negative as
well as positive values, it is necessary to establish both positive and negative derivative
curves centred around a zero value in order to establish the threshold level. As shown in
Figure 8, this effectively produces an “error envelope” within which limit cycling occurs
(Figure 8). Thus limit cycling will occur where:

l€n] < | 8@ | oo 1)

where:
8(u) is the derivative of the valve characteristic at any given valve position (u) and

2*8(u) represents the deadband value;
Ts is the sample time; and

u is the valve position.

- Conversely, limit cycling will not occur where:
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In order to reduce or substantially eliminate limit cycling in the air/gas ratio controller, it is
therefore desirable to ensure that the air valve is not adjusted when the error lies within the
error envelope of the valve. In other words when equation 1 applies. In a preferred form of

the invention, this is achieved by implementing a so-called “deadband” as described below.

Fig. 3 is a schematic block diagram of part of a control system 90 having a preferred form
of air/gas ratio controller 100. The controller 100 has a first comparator 102 which is
connected to receive two input signals, the first from the gas flow sensor 26 bein g connected
to a non-inverting input of the comparator 102 and the second from the air flow sensor 3?2
connected to an inverting input. An output of the first comparator 102 is connected firstly
to a non-inverting input of a second comparator 104 and secondly to an inverting input of a

third comparator 106.

Positive and negative fixed threshold value circuits 108, 110; the purpose of which is
described below, are connected to non-inverting and inverting inputs of the second and third
comparators 104, 106 respectively. An output of each of the second and third comparators
104, 106 ié connected to a respective operational émpliﬁer 112, 114. An output of each
operational amplifier is connected to a respective relay 116, 118 which actuate movement

of the air valve 28.

During operation of the combustion plant 10, the flow rates of the gas and the air supplied
to the burner 40 are measured by the flow sensors 26, 32 each of which generates asignal S,,
S, corresponding to the respective flow rate and sends the signal to the air/gas ratio controller
100. | ‘ |

The gas flow signal S; and the air flow signal S, are fed to the first comparator 102, the gas
flow signal S, to the non-inverting input and the air flow signal S, to the inverting input. The

7
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comparator 102 compares the two signals and generates an error signal € as a function of the

comparison. -

The error signal € represents the difference between the actual air flow measured by the
sensor 32 and the desired air flow to produce a stoichiometric air/gas ratio with the current
gas flow rate. Since the sensor 32 would normally produce an air signal S, Wthh is a
magnitude of 10 greater than the gas signal S, produced by the gas sensor 26 for a
stoichiometric ratio (i.e. an air flow rate which s amagnitude of 10 greater than the gas flow
rate) the value of the air signal S, is adjusted to the same level as the gas signal S, for a

stoichiometric ratio. This can be effected by a simple voltage divider in the air flow sensor

32.

The error signal € is fed to the non-inverting input of the second comparator 104 and to the
inverting input of the third comparator 106, each of which compares the error signal € value
with fixed positive and negative threshold values generated by the positive and negative

threshold value circuits 108, 110 respectively.

If the error signal value is greater than or equal to the positive threshold value, then the
comparator 104 applies an actuation signal through the first operational amplifier 112 to the
first relay 116 which energises the air valve 28 to move in a first direction, towards its fully
closed position. Similarly, if the error signal value is less than o; equal to the negative
threshold \}alue, the comparator 106 applies an actuation signal through the second
operational amplifier 114 to the second relay 116 which energises the air valve 28 to move
in the opposite direction towards its fully open position.

If, however, the error signal value is less than the positive threshold value and greater than
the negative threshold value, the second and third comparators are unaffected and the air

valve is not adjusted.

The threshold value circuits 108,110 set an error signal range within which the controller 100
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takes no corrective action. Thus, if the gas flow rate is changed in order to increase or
decrease the temperature of the burner 40 this will result in an air/gas ratio which moves
away from the desired value. This will result in an error signal being generated by the
comparator 102, the error signal representing the difference between the actual air/gas ratio
and the desired air/gas ratio. It will therefore be appreciated that if the change in the air flow
rate which is required to return the air/gas ratio to the desired level is less than the change
represented by the error signal range set by the threshold value circuits 108, 110 then the
error signal € will fall within this range and the air valve 28 will remain unactuated. The
error is in effect deemed to be zero and the air valve is not adjusted. The threshold range set
by the threshold circuits 108, 110 is termed a “deadband”. In pracsice, this reduces the
occurrence of limit cycling in the air flow and allows the desired air/gas ratio to be .

maintained more closely.

The value of the deadband affects the performance of the air/gas ratio controller 100 which
in turn affects the efficiency of the combustion plant. Selection of the correct value for the
deadband is therefore important. By making the deadband value high, limit cycleoscillations
are reduced, but the accuracy of control of the air valve to provide the desired air/gas ratio
is reduced. Conversely, a low threshold value gives good accuracy but increases the
occurrence of limit cycling. It is preferable, therefore to make the deadband as small as

possible, without causing limit cycling.

Itis apparent from the above description that if the deadband value represents a change in air
flow rate which is slightly larger than the ﬁlovement of the air valve (dhange in air flow rate)
in a single sample interval, then adjustment of the valve can be made without limit cycling
occurring. A constant deadband value can therefore be used for valves with linear
characteristics. However, for non-linear valves having an error envelope such as that shown
inFigure 8, the use of a constant deadband value is ineffective since limit cycling may occur

in some parts of the 'operating range of the valve even though a deadband is used.

A solution is to vary the value of the deadband according to the valve characteristic over the
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valve’s operating range. It is found that the optimum deadband value for a given valve
position is equal to twice the value of the differential of the valve characteristic at that
position. Since the deadband is centred around a zero value the upper and lower threshold
levels of the deadband (set by the positive and negative threshold circuits 108, 110)
correspond to the positive and negative derivative curves of the valve. Thus, the deadband
is chosen to map exactly the error envelope of the valve. Thus, the controller will adjust the

air valve in the instance where:

lE(Ts, u)l > | D) |

2

where D(u) = & (u) and represents the deadband value defined by the error envelope at a
given valve position (u) which is the region within which limit cycling does not occur even
in the absence of a deadband since the value of an error within which region is greater than
or equal to the change in flow caused by adjustment of the valve during one sample interval.

Conversely, the controller will not adjust the air valve in the instance where:

Ie('l's,u)l < .LQ(E)._L .
.2

In this case, the error lies within the deadband which is the region in which limit cycling

would occur if the air valve were adjusted and the deadband were not present.

A solution is to vary the value of the deadband in dependence on the valve characteristic over

the operating range of the valve. A

Figure 4 shows a second embodiment of air/gas ratio controller 200 as part of a control
system 190. In figures, 3, 4 and 5 like reference numerals indicate like parts. As canbe seen,
the controller 200 is similar m form to the controller 100 of Figure 3 but with the fixed
threshold value circuits replaced by variable threshold value circuits 208, 210 each of which

10
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comprises a look-up table. The variable threshold value circuits 208, 210 are connected to
receive a signal from an air valve position sensor 222 via an operational amplifier 220. The
valve position sensor 222 can be of the form which simply monitors the voltage applied to

the valve to drive the valve between its open and closed positions.

_ Before the control system is put into operation the characteristic of the air valve is measured

and the differential curve shown in Figure 7 determined for the valve in order to provide the
error envelope shown in Figure 8. A number of different threshold values or levels are then
taken from the eﬁvelopc of Figure 8, a positive and a negative value for selected valve
positions. The positive values are stored in the look-up table of the threshold value circuit

208 and the negative values are stored in the look-up table of the threshold value circuit 210.

During operation, as the valve position changes, the threshold value in the look-up table
which is compared with the error signal is selected according to the position signal from the

air valve position sensor.

The value generated by each variable threshold value circuit 208, 210 is thus a function of
the positionl of the air valve 28 and thus of the air flow rate, As the position of the air valve
varies, the change in the air flow rate which occurs during each éample interval also varies.
The air valve characteristics are effectively stored in the look-up table in each threshold
circuit 208, 210. The look-up table therefore gives the characteristic at a given valve position
and thus determineé the deadband value for that position. The deadband is thus varied

according to the instantaneous position of the air valve 28.

As in the previous embodiment, if the error signal € calculated by comparator 202, lies
within the range defined by the instantaneous positive and negative threshold values
generated by the threshold circuits 208, 210, then the error is deemed to be zero and no

corrective action is made to air valve 28.

11
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If, however, the error value lies on or outside the error envelope, the air valve 28 is adjusted

as described previously.

Since the deadband value is always greater than the change in air flow effected by movement
of the air valve during one sample interval, the occurrence of limit cycling is ‘minimised. In
addition, the accuracy of the air/gas ratio controller 200 is increased. This results in a
significant improvement in combustion efficiency of the gas combustion plant since the

air/gas ratio is maintained at an optimum.

It will be apparent that various modifications and improvements can be made to the present

invention.

The present invention may be modified such that the movement of the air valve 28 is

continuously monitored to determine whether the characteristics of the valve have changed

. owing to wear, for example. If the valve characteristics have changed, this information can

be fed to the variable threshold value circuits to modify the deadband value for each position

of the valve. An example of such a modification to the present invention is shown in fig.

5 in which like reference numerals indicate like parts.

In Figure 5 one of the relays, in this case relay 116 which actuates the valve towards its fully
closed position, is connected to an input of a multiplexer 300. An output of the air flow

sensor 32 and the valve position sensor 222 are also connected to the multiplexer 300.

The output from the multiplexer 300 is connected to a parameter estimator 302 whose output

in turn is connected to the variable threshold value circuits 208, 210.
The parameter estimator 302 may be a microprocessor running, for example, MATLAB.

Before the control system is put into operation the characteristic of the air valve is measured

and the response curve shown in Figure 6 is stored in a store in the parameter estimator 302.

12
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This can be effected by moving the valve from one of a fully open and closed position to the
other and monitoring the signals from the valve position sensor 222 and the air flow rate
sensor 32 which are then stored in the parameter estimator 302 as continuously variable

values or discrete values.

When relay 116 is actuated to move the air flow valve 28 towards its fully closed position
the parameter estimator 302 is also enabled. During closing of the valve 28 the parameter
estimator 302 processes the outputs from the air flow rate and position sensors 32, 222 and
compéres the monitored flow rate with the previously stored flow rate. Ifthereisa deviation
between the monitored flow rate with the previouslj) stored flow rate this would suggest, for
example, wear in the valve mechanism. The parameter estimator 302 then adjusts the
threshold values in the look up tables in the threshold value circuits 208, 210 which relate
to the monitored valve position to take account of changes in the valve characteristics which
have occurred. It will be appreciated that equally the movement of the valve towards its fully
open position may be used to update the look up tables to take account of wear, in which case

the estimator 302 would be enabled with relay 118,

Whilst the above description is made with reference to a lag-lead control system wherein the
lead parameter is the gas flow rate and the lag parameter is the air flow rate, it will be
appreciated that the invention ig equally applicable to systems wherein the lead parameter is

the air flow rate and the lag parameter is the gas flow rate, or any other lag-lead system.

It Will also be appreciated that whilst the preferred form of the invention has been described
with reference to an air/gas combustion plant or furnace, the invention s equally applicable
to lag-lead control systems for controlling the ratio of two fluids where the fluids may be in

gas or liquid form.

(87) Abstract: In a method of and system for controlling the air/gas ratio in a lag-lead combustion plant the lead and lag parameters
are monitored to provide lead and lag signals representative of the values of the parameters. These are compared to provide an error
signal representative of the deviation of the ratio of the lead and lag parameters from a preselected ratio. The lag parameter is then
adjusted to reduce the deviation in response to the deviation exceeding a preselected deviation.

13
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Claims

1 A method of controlling the ratio of a variable lead parameter and an adjustable lag

parameter for a lag-lead process, the method comprising:

monitoring said lead parameter and providing a lead signal representative of the value of said

lead parameter;

monitoring said lag parameter and providing a lag signal representétive of the value of said

lag parameter;

comparing said lead and lag signals and providing an error signal representative of the

deviation of the ratio of said lead and lag parameters from a preselected ratio;

and adjusting said lag parameter to reduce said deviation in response to said deviation

exceeding a preselected deviation.

2 A method as claimed in claim 1 comprising comparing said error signal w1th a

preselected threshold value and adjusting said lag parameter in response to said error signal

exceeding said preselected threshold value.

3 A method as claimed in claim 1 or 2 comprising comparing said error signal with an
error range. defined by a first, upper preselected threshold value and a second, lower
preselected threshold value and adjusting said lag parameter in response to said error signal

falling outside said error range.

4 A method as claimed in claim 3 comprising:

adjusting said lag parameter to reduce said ratio in response to said error signal being above

said error range;

14
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and adjusting said lag parameter to increase said ratio in response to said error signal being

below said error range.
5 A method as claimed in claim 4 wherein:

said first, upper préselected threshold value is a positive value and said second, lower

preselected threshold value is a negative value;

a positive error signal indicates an increase in said ratio from said preselected ratio and a

negative error signal indicates a decrease in said ratio from said preselected ratio;

and the method comprises:

adjusting said lag parameter to reduce said ratio in response to said error signal being positive

and exceeding said first, upper preselected threshold value;

and adjusting said lag parameter to increase said ratio in response to said error signal being

negative and exceeding said second, lower preselected threshold value,

6 A method as claimed in any of claims 2 to 5 wherein the or each said threshold value

is a fixed value.

7 A method as claimed in any of claims 2 to 5 wherein the or each said threshold value

is a function of the value of said lag parameter.

8 A method as claimed in claim 7 wherein the step of comparing said error signal with
the or each threshold value comprises adjusting said threshold value in dependence on the
value of said lag parameter and comparing said error signal with said adjusted threshold

level.

15
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9 A method as claimed in claim § comprising:
providing a look up table for storing a plurality of threshold values;

and the step of adjusting said threshold value comprising selecting one of said threshold

values in dependence on the value of said lag parameter.

10 A method as claimed in claim 7 wherein:

the or each threshold value comprises a plurality of threshold levels;

and the step of comparing said error signal with the'or each threshold value comprises
selecting a threshold level for said threshold value in dependence on the value of said lag
parameter and comparing said error signal with said selected threshold level.

11 A method as claimed in claim 10 comprising:

providing a look up table for storing said plurality of threshold levels;

and the step of adjusting said threshold value comprising selectmg one of said threshold

levels in dependence on the value of sajd lag parameter.

12 Amethod as claimed in any of claims 1 to 11 wherein:

said lead and lag parameters are lead and lag fluid flow rates for said industrial process;
and said method comprises:

providing lag valve means for controlling flow of said lag fluid;

16
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monitoring the position of said lag valve means during opening or closing of said valve

means;
monitoring the flow rate of said lag fluid during opening or closing of said valve means;

comparing the change in position of said valve means with the change in said flow rate of

said lag fluid;

and adjusting said threshold value in response to said comparison indicating a change in the

characteristic of said valve means.

13 A method as claimed in claim 12 when appendant to claim 9 or 11 wherein the step -
of adjusting said threshold value comprises adjusting the threshold values or levels in said
look up table.

14 A method as claimed in any of claims 1 to 13 wherein:

said lead parameter is the flow rate of a combustion gas;

said lag parameter is the flow rate of air;

and said process is a combustion process.

15 A control system (34) for providing lag-lead control of a process having a variable

lead parameter and an adjustable lag parameter, the system comprising:

lead monitoring means (26) for monitoring said lead parameter and providing a lead signal

representative of the value of said lead parameter;

lag monitoring means (32) for monitoring said lag parameter and providing a lag signal

17
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representative of the value of said lag parameter;

comparator means (102) for comparing said lead and lag signals and providing an error signal

representative of the deviation of the ratio of said lead and lag parameters from a preselected

ratio;

and adjusting means (116, 118) for adjusting said lag parameter to reduce said deviation in

response to said deviation exceeding a preselected deviation.
16 A control system as claimed in claim 15 further comprising:
threshold value means (108, 110) for providing a preselectable threshold value;

comparator means (104, 106) for comparing said error signal with said preselectable

threshold value;

and wherein said adjusting means (116, 118) is operable to adjust said lag parameter in

response to said error signal exceeding said preselectable threshold value.
17 A control system as claimed in claim 16 wherein;

said threshold value means comprises a first, upper threshold value means (108) for
providing a first, upper preselected threshold value and a second, lower threshold value
means (110) for providing a second, lower preselectable threshold value, thereby to define

an error range,

said comparator means (104, 106) is operable to compare said error signal with said upper

and lower preselectable threshold values;

and said adjusting means (116, 118) is operable to adjust said lag parameter in response to

18
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said error signal falling outside said error range.
18 A control system as claimed in claim 17 wherein:

said adjusting means (116, 118) is operable to adjust said lag parameter to reduce said ratio
in response to said error signal being above said error range and to adjust said lag parameter

to increase said ratio in response to said error signal being below said error range.
19 A control system as claimed in claim 18 wherein:

said first, upper preselected threshold value is a positive value and said second, lower

preselected threshold value is a negative value;

a positive error signal indicates an increase in said ratio from said preselected ratio and a

negative error signal indicates a decrease in said ratio from said preselected ratio;

and said adjusting means (116, 118) is operable reduce said ratio in response to said error
signal being positive and exceeding said first, upper preselected threshold value and to
increase said ratio in response to said error signal being negative and exceeding said second,

lower preselected threshold value.

20 A control system as claimed in any of claims 16 to 19 wherein the or each said

threshold value is a fixed value.

21 A control system as claimed in any of claims 16 to 19 wherein the or each said

threshold value is a function of the value of said lag parameter.

22 A control system as claimed in claim 21 further comprising adjusting means (222)
for adjusting said threshold value in dependence on the value of said lag parameter and

wherein said comparator means (104, 106) is operable to compare said error signal with said

19
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adjusted threshold value.

23 A control system as claimed in claim 22 wherein:

said threshold value means comprises a look up table (208, 210) for storing a plurality of

threshold values;

and said threshold value adjusting means (222) is operable to adjust said threshold value by

selecting one of said threshold values in dependence on the value of said lag parameter.
24 A control system as claimed in claim 21 further comprising:

adjusting means (222) for adjusting said threshold value in dependence on the value of said

lag parameter;
and wherein:
the or each threshold value comprises a plurality of threshold levels;

said threshold value adjusting means (222) is operable to adjust said threshold value by

selecting one of said threshold levels in dependence on the value of said lag parameter;

and said comparator means (104, 106) is operable to compare said error signal with said

selected threshold level.
25 A control system as claimed in claim 24 wherein:

said threshold value means comprises a look up table (208, 210) for storing a plurality of
threshold values; '

20



10

and said threshold value adjusting means (222) is operable to adjust said threshold value by

selecting one of said threshold values in dependence on the value of said lag parameter.
26 A control system as claimed in any of claims 15 to 25 wherein:

said lead and lag parameters are lead and lag fluid flow rates for said process;

and said control system comprises:

lag valve means (28) for controlling the flow of said lag fluid;

position monitoring means (322) for monitoring the position of said lag valve means (28) |
during opening or closing of said lag valve means and providing a position signal
representative thereof;

wherein:

said lag monitoring means (32) is operable to monitor the flow rate of said lag fluid during
opening or closing of said lag valve means (28) and provide a flow rate signal representative
thereof;

and said control system further comprises:

storage means (302) for storing sampled values of said position and flow rate signals

representing a preselected characteristic of said lag valve means;

second comparator means (302) for comparing the valve position of said lag valve means

(28) and lag fluid flow rate during movement of said lag valve means with the stored values;

and second adjusting means (302) for adjusting said threshold value in response to said

21
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comparison indicating a change in the characteristic of said lag valve means (28).

27 A control system as claimed in any of claims 15 to 25 wherein:

said lead and lag parameters are lead and lag fluid flow rates for said process;

and said control system comprises:
lag valve means (28) for controlling the flow of said lag fluid;

position monitoring means (322) for monitoring the position of said lag valve means during
opening or closing of said lag valve means and providing a position signal representative

thereof;

wherein:

said lag monitoring means (32) is operable to monitor the flow rate of said lag fluid during
opening or closing of said valve means (28) and provide a flow rate signal representative

thereof;
and said control system further comprises:

storage means (302) for storing sampled values of said position and flow rate signals

representing a preselected characteristic of said lag valve means;

second comparator means (302) for comparing the lag fluid flow rate during movement of
said valve means with stored value corresponding to the monitored position of said lag valve

means;

and second adjusting means (302) for adjusting said threshold value in response to said

22



comparison indicating a change in the characteristic of said valve means.

28 A control system as claimed in any of claims 15 to 27 wherein:

said lead parameter is the flow rate of a combustion gas;

said lag parameter is the flow rate of air;

and said process is a combustion process.
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