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Namen prispevka je prikazati pretoèno znaèilnico, ki ima dobre lastnosti dveh standardnih znaèilnic
krmilnih ventilov. Pretoène znaèilnice so primerjane glede na njihovo ojaèanje. Izdelana je primerjava med
vsemi tremi pretoènimi znaèilnicami in razliènimi mo�nostmi izbire temena poligonske pretoène znaèilnice.
Izraèunane vrednosti so eksperimentalno ovrednotene. Dinamiène lastnosti pretoènih znaèilnic so prikazane s
simuliranjem prenosne funkcije sklenjene krmilne zanke. Matematièni model, uporabljen za simuliranje prehodne
funkcije na skoèno motnjo, je izbran iz literature [5] in naèrtuje prehodno funkcijo prvega reda.
© 2000 Strojni�ki vestnik. Vse pravice pridr�ane.
(Kljuène besede: znaèilnice pretoène statiène, znaèilnice statiène poligonalne, ventili krmilni, ojaèitve
ventilov)

The aim of the paper is to show the flow characteristics which have the advantages of two standard
characteristics of the control valves. The flow characteristics were compared in terms of their gain. During the
evaluation all three flow characteristics were compared as well as the possibility of choosing the vertex point
of the polygonal characteristics. The results were evaluated using  experimental methods. Dynamic character-
istics were displayed by the means of the closed-loop response simulation. A mathematical model for the
simulation of transfer function has been chosen from the literature [5] and anticipates the response of the first
order lag.
© 2000 Journal of Mechanical Engineering. All rights reserved.
(Keywords: static flow characteristics, polygonal characteristics, control valve, valve gain)
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0 UVOD

Velika te�ava pri krmilnih sistemih s
prenosnikom toplote je uporaba krmilnih ventilov s
sorazmerno statièno pretoèno znaèilnico, saj izvedba
te znaèilnice, v nasprotju z linearno, terja zelo dolge
gibe ventilov. To pomeni dalj�e izvajalne èase in zato
poèasnej�i odgovor sistema. Te�e je  tudi doseèi veèje
krmilno razmerje. Zaradi tega se je pri teh sistemih
pojavilo prizadevanje po uporabi krmilnih ventilov
z linearno statièno pretoèno znaèilnico. Problem
nastane pri krmiljenju manj�ih pretokov tekoèin
zaradi izredno velikega ojaèenja te znaèilnice pri
majhnih gibih. Ker je ojaèenje na izvr�ilnem èlenu
zelo veliko, je zato tudi ojaèenje vsega sistema veliko.
Sistem postane nestabilen, zato se pojavijo nihanja
pri krmiljeni velièini npr. temperaturi. Problem �e ne
bi bil tako velik, èe se ne bi s temi nihanji pojavila
nihanja v pretoku tekoèin, kar pomeni nenehno
odpiranje in zapiranje ventila ter pogona. To jima
zmanj�a dobo trajanja, saj je doba trajanja teh naprav
odvisna od �tevila gibov in ne toliko od staranja
materiala.

0 INTRODUCTION

The greatest problem with heat-exchanger
control systems is the use of control valves with pro-
portional static-flow characteristics, because they require
very long spindle travels, when compared to valves with
linear-flow characteristics. This causes longer execu-
tion times and therefore a slower system response. It is
also harder to reach a larger control ratio. As a result of
these problems, there was a tendency to use valves with
linear-fluid-flow characteristics in such systems. Prob-
lems occur when controlling the small flows, due to a
very large gain during the initial part of the valve�s travel.
Large valve gain results in a large gain of the whole
control loop, and the system becomes unstable because
of large system gain which causes the control values
i.e. the  temperature to oscillate. The problem is made
worse because the fluid flow starts to oscillate too, which
results in frequent opening and closing of the valve and
actuator. The expected useful life of the valve is there-
fore reduced, because the service life  does not depend
much on the materials� ageing, but on the number of
working cycles.
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Za re�itev tega problema, izvedbe nespremen-
ljivega ojaèenja ventila v celotnem gibu krmilnega
ventila, ali vsaj ni�je ojaèenje pri manj�ih gibih, ob
hkratnem kratkem gibu ter velikem krmilnem razmerju,
je bila uporabljena poligonska pretoèna znaèilnica ventila.

1 MATEMATIÈNI MODEL

Najprej je treba poznati ojaèenje ventila [3].
Tega definiramo kot odvod prostorninskega toka
tekoèine po relativnem gibu:

Zapis pove, za koliko se bo spremenil pretok
ob spremembi giba ventila. V na�em primeru lahko
vzamemo relativne vrednosti. Ob upo�tevanju
linearne pretoène znaèilnice [4]:

in sorazmerne pretoène znaèilnice [4]:

dobimo za linearno pretoèno znaèilnico, z upo�tevanjem
mere linearnosti a, ojaèenje krmilnega ventila:

za sorazmerno pretoèno znaèilnico pa:

Oba poteka ojaèenj za nespremenljivo
krmilno razmerje R = 50 in tri razliène mere
linearnosti (a = 1, a = 0,5 in a = 0,1) sta prikazana
na sliki 1. Slika prikazuje poveèanje ojaèenja pri
manj�em gibu in pri linearni pretoèni znaèilnici.
Èim manj�a je mera linearnosti, tem veèje je
ojaèenje pri manj�em gibu.

Iz omenjenega izhaja zamisel o znaèilnici,
ki bi bila v svojem spodnjem gibu podobna
sorazmerni pretoèni znaèilnici, v zgornjem pa
linearni. Zato je nujno potreben prelom znaèilnice,
oziroma  pretoèna znaèilnica mora imeti dve razlièni
strmini. Teoretièno bi lahko prelom, tj. toèko
temena, doloèili iz preseèi�èa ojaèenja linearne in
sorazmerne pretoène znaèilnice z iskanjem nièel v
enaèbi:

Nièle so predstavljene za razlièna krmilna
razmerja in mere linearnosti v preglednici 1 ter slikah
2 in 3.

The solution to this problem - a valve with constant
gain through the whole valve travel or at least lower
gain by smaller travels, while keeping short travels
and a large control ratio - is the use of polygonal
valve characteristics.

1 MATHEMATICAL MODEL

First, we have to determine the valve gain
[3]. This is defined as the differential  between vol-
ume fluid flow and relative travel:

(1).

It shows the change of flow when the valve
travel is being changed. Our example allows for rela-
tive values. Considering the linear-flow characteris-
tics, [4]:

(2)

and the proportional-flow characteristics, [4]:

(3),

the linear-flow characteristics have the following
control valve gain with respect to authority a:

(4)

and for the proportional flow characteristics:

(5).

Both the gain characteristics calculated on
the basis of the constant control ratio R = 50 and the
three different authority (a = 1, a = 0.5 and a = 0.1)
are shown in Fig. 1. There you can see the gain growth
with the small travel of the linear-flow characteris-
tics. A smaller authority results in a larger gain at the
beginning of the valve�s travel.

The above mentioned leads to the possibil-
ity of flow characteristics which would be proportional
in the lower and linear in the upper part of the travel.
Therefore, it is necessary to determine the break point
of the characteristics i.e. the flow characteristics should
have two different gradients. Theoretically the break
point - the vertex point of the flow characteristics -
could be determined by calculating the intersection
point of the linear- and proportional-gain characteris-
tics by finding the zeros of the equation:

(6).

Zeros calculated on the basis of different
control ratios and different authority are shown in
table 1 as well as Fig. 2 and 3.
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Sl. 1. Ojaèenje sorazmerne in linearne pretoène znaèilnice K
v
 v odvisnosti od relativnega giba ventila X

Fig.1. Gain of proportional and linear-flow characteristics K
v
 with respect to the relative valve travel X

Preglednica 1. Toèke temena poligonske pretoène znaèilnice
Table 1. Vertex points of the polygonal-flow characteristics

 1 0,8 0,6 0,4 0,2 0,1 
100 1 0,636 0,6 0,545 0,467 0,39 
50 1 0,615 0,576 0,505 0,4355 0,358 
30 1 0,597 0,557 0,503 0,414 0,335 
 

R a

Za mero linearnosti a = 1 je povsem
primerna linearna pretoèna znaèilnica, kar pomeni,
da je najbolj primeren izbor temena v toèki X

k
 = 1.

The linear flow characteristic fits perfectly
for authority a = 1, which means that the vertex point
of X

k
 = 1 is the most appropriate.

Sl. 2. Toèke temena X
k 
 poligonske pretoène znaèilnice, znaèilnice za razliène mere linearnosti a  in krmilno

razmerje R=50
Fig. 2. Vertex points X

k 
 of the linear-flow  characteristics at different authorities a and the control ratio of

R=50
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S slike 2 je razvidno, da se gib v toèki
temena poveèuje skoraj linearno z nara�èajoèo mero
linearnosti.

Tudi slika 3 prikazuje poveèevanje giba v
toèki temena s poveèanim krmilnim razmerjem.
Doloèitev temenske toèke po tem naèinu imenujmo
1. metoda. V praksi pa sta se uveljavili dve drugaèni
merili za doloèevanje toèke temena poligonske
pretoène znaèilnice [1]:
- 2. metoda à merilo nespremenljivega krmilnega

razmerja,
- 3. metoda à merilo nespremenljivega ojaèenja.

Potek poligonske pretoène znaèilnice lahko
zapi�emo z naslednjo enaèbo [1]:

Èe zgornjo enaèbo vstavimo v enaèbo (1),
dobimo ojaèenje poligonske pretoène znaèilnice:

Ker krivulja, ki popisuje pretoèno
znaèilnico, ni zvezna, dobimo dve enaèbi, ki opisujeta
ojaèenje poligonske pretoène znaèilnice. Ojaèenje za
vse tri metode doloèanja toèke temena je mogoèe
prikazati na slikah 4, 5 in 6. Pri tem upo�tevamo
krmilno razmerje R = 50 in mere linearnosti a = 1, a
= 0,5 in a = 0,1.

As shown in Fig. 2 the travel at the vertex
point becomes almost linear with the growing au-
thority.

Fig. 3 also shows the increase of the travel
in the vertex point when the control ratio grows.
Determination of the vertex point using the above
calculation is called the 1st method. Two other ways
of determining the vertex point of the polygonal flow
characteristics were proved in praxis, [1]:
- 2nd method à on the basis of a constant control

ratio,
- 3rd method à on the basis of constant gain.

Polygonal-flow characteristics can be de-
termined using the following equation, [1]:

(7).

The above equation in  formula (1) can be
used to calculate the gain of the polygonal-flow char-
acteristics:

(8).

Because the curve derived from the flow
characteristics is not continuous, we get two equa-
tions which describe the gain of the polygonal flow
characteristics. The gain,  calculated on the basis of
all three methods, is shown in Fig. 4, 5 and 6. All
calculations use the control ratio of  R = 50 and au-
thority a = 1, a = 0.5 and a = 0.1.

Sl. 3. Toèke temena X
k 
 znaèilnice za razlièna krmilna razmerja R  in mero linearnosti a = 0,6

Fig. 3. Vertex points X
k 
 of the characteristics at different control ratios R and authority a=0.6
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Sl. 4. Ojaèenje poligonske pretoène znaèilnice K
v 
 s toèko temena  izraèunano iz preseèi�èa  med ojaèenjem

linearne in sorazmerne pretoène znaèilnice pri 0,1kF =  (1. metoda)
Fig. 4. Gain of the polygonal-flow characteristics K

v
 with vertex point is calculated using the intersection

point between the gain of linear and proportional flow characteristics at 0,1kF =  (1st method)
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Sl. 5. Ojaèenje poligonske pretoène znaèilnice K
v 
 s toèko temena po metodi nespremenljivega krmilnega

razmerja (2. metoda)
Fig. 5. Gain of polygonal-flow characteristics K
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 with vertex point using the method of constant control

ratio (2nd method)
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Sl. 6. Ojaèenje poligonske pretoène znaèilnice K
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 s toèko temena po metodi nespremenljivega ojaèenja

0,1kF =  (3. metoda)
Fig. 6. Gain of polygonal-flow characteristics K

v
 with vertex point using the method of constant gain

0,1kF =  (3 rd method)
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Vse tri slike ka�ejo na nezveznost pretoène
znaèilnice, ki je v toèki temena. Ojaèenje je za majhne
gibe ventila skoraj nespremenljivo, medtem ko se po
prehodu èez temensko toèko pretoène znaèilnice
moèno poveèa. Primerjava med vsemi tremi
metodami za R=50 in a=0,5 je prikazana na sliki 7.

Usmeritev pretoènih znaèilnic je vseh treh
primerih enaka. Opazna je precej�nja nezveznost
v toèki temena. Za nadaljnje primerjave bo vzeta
znaèilnica, izraèunana po metodi 3, kajti ta da
najmanj�o razliko med obema ojaèenjema.
Primerjava ojaèenja poligonske, linearne in
sorazmerne pretoène znaèilnice je prikazana na
sliki 8.

All three diagrams show that the curve is
not continuous in the vertex point. Gain is almost
constant for the small travels, while it increases
strongly after the vertex point of the flow character-
istics has been passed. The comparison of all three
methods at R = 50 and a = 0.5 is shown in Fig. 7.

All three flow characteristics have the same
trend. Characteristics show discrete behaviour evi-
dent in the vertex point. The characteristics calcu-
lated by the 3rd method will be used for a further com-
parison because it has the smallest difference between
both gains. The comparison of the gain between po-
lygonal, linear and proportional flow characteristics
is shown in Fig. 8.
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Slika 8 prikazuje, da je poligonska pretoèna
znaèilnica izravnava med linearno in sorazmerno
pretoèno znaèilnico.

2 EKSPERIMENTALNO OVREDNOTENJE

Matematièno modelirana ojaèenja so bila
eksperimentalno ovrednotena na vseh treh primerih
znaèilnic. Namen meritve je bil eksperimentalno
ovrednotenje raèunskih rezultatov. Zaradi tehniènih
te�av pri dinamiènih meritvah smo se omejili le na
statiène meritve ojaèenj ventilov.

Uporabljeno je bilo presku�evali�èe,
prikazano na sliki 9. To omogoèa hkratne meritve in
shranjevanje giba ventila, pretoka kapljevine in
tlaènih padcev na ventilu.

Fig. 8 shows that the polygonal-flow char-
acteristic is actually a compromise between the lin-
ear- and proportional-flow characteristic.

2 EXPERIMENTAL EVALUATION

Mathematical models of all three models
were experimentally evaluated. The aim of the
measurement was to experimentally evaluate
calculated results. Due to technical problems when
performing dynamic measurements, the evaluation
was limited to static measurements of valves� gains.

The test rig in Fig. 9 was used. It allows the
user to simultaneously measure and store valve travel,
fluid flow and  pressure drop on the valve.
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Sl. 9. Merilno presku�evali�èe
Fig. 9. Test rig
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Za meritev so bili uporabljeni ventili z
naslednjimi pretoènimi znaèilnicami:
- linearna pretoèna znaèilnica,
- sorazmerna pretoèna znaèilnica,
- poligonska pretoèna znaèilnica.
Izmerjene statiène pretoène znaèilnice so prikazane
na sliki 10.

Valves with the following flow characteris-
tics were measured:
- linear- flow characteristic,
- proportional-flow characteristic,
- polygonal-flow characteristic;
For static-flow characteristics see Fig. 10.
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Sl. 10. Statiène pretoène znaèilnice obravnavanih ventilov
Fig. 10. Static-flow characteristics of tested valves

Razmere v okolici so bile standardne,
uporabljena tekoèina za merjenje je bila voda.
Temperatura tekoèine je bila enaka temperaturi
okolice (segrevanje zaradi èrpalk je bilo
zanemarljivo).

Meritev je potekala takole. Ventil je bil odprt
za doloèen gib. V tej toèki smo merili pretoke ter
padce tlaka pretoènega sistema in ventila. Iz strmine
med dvema sosednjima toèkama je bilo izraèunano
ojaèenje ventila.

The tests took place under standard envi-
ronmental conditions; water was used as the  flow
medium. The temperature of the flow medium was
the same as the ambient temperature (heating caused
by the pumps was negligible).

The measurement was performed as follows.
The valve was opened until it reached a pre-set posi-
tion. At this point, flow and pressure drops of the valves
and system were measured accordingly. A gradient of
two adjacent points was used to calculate the valve gain.

Sl. 11. Rezultati meritev ojaèenj K
v 
 razliènih statiènih pretoènih znaèilnic ventilov

Fig. 11. Gain measurements K
v
  of different static-control-valve flow characteristics
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Rezultati meritve so prikazani na sliki 11.
Z nje je razvidno, da obstajajo doloèeni odstopki med
izmerjenimi in izraèunanimi rezultati. Do tega pride
zaradi tega, ker strmina merjene pretoène znaèilnice
ni povsem enaka nagibu teoretiène pretoène
znaèilnice. Smer zvi�evanja in zni�evanja vrednosti
krivulj je enaka teoretiènim za vse primere. V primeru
poligonske pretoène znaèilnice preskok ni tako
izrazito nezvezen zaradi njene realnosti, ki je tudi v
toèki temena zvezna.

3 DINAMIÈNI ODZIV

Dinamièni odziv smo preskusili v zaprti
krmilni zanki. Prenosna funkcija ventila in pogona
je dobro znana, npr. iz literature [5]. Zami�ljeni sistem
je prikazan na sliki 12. Ob skoènem vzbujanju (od 0
% do 100 % pretoka tekoèine) ventila in pogona lahko
primerjamo, katera pretoèna znaèilnica nima nihajoèe
prenosne funkcije.

Measurement results are shown in Fig. 11. There
is an evident difference between the measurements and
the calculated results. The reason for this is because the
slope of the measured-flow characteristics is not precisely
the same as the slope of the theoretical flow characteristic.
The growing and declining trends of the measured charac-
teristic equals the theoretical models in all cases. The point
where the polygonal-flow characteristic is discontinuous
is not so steep, because we are dealing with a real curve,
which is continuous through the whole range.

3 DYNAMIC RESPONSE

The dynamic response  was tested in a closed
control loop. The transfer function of the valve and ac-
tuator is well known from the literature, [5] . The hypo-
thetical system is described in Fig. 12. Using the step
exciting (from 0 % to 100 % of medium flow) of the
valve and actuator it is possible to determine which flow
characteristic does not have an oscillatory response.
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Primerjava med odgovori vseh treh
znaèilnic je prikazana na sliki 13.

The comparison of responses of all three
characteristics, see Fig. 13.
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Simuliran odgovor na skoèno motnjo
dobimo s simuliranjem na raèunalni�kem paketu
Mathlab Simulink ([6] in [7]). Pri tem domnevamo,
da se izvr�ni èlen obna�a kot sistem prvega reda
[5]:

Prenosna funkcija merilnika pretoka v
povratni zanki je:

Torej je prenosna funkcija sistema:

Z uporabo obratne Laplaceove transfor-
macije dobimo za enotski koraèni vhodni signal
krmiljeni pretok tekoèine:

Èe primerjamo odgovor sistema (prikazan
na sliki 12) med tremi razliènimi pretoènimi
znaèilnicami na skoèno motnjo, vidimo, da so
odgovori zelo podobni odgovoru sistema prvega reda,
vendar dajo manj�e vrednosti. Iz tega izhaja, da
nelinearnosti v toèki temena niso kritiène. Simuliranje
je normirano na relativni gib in pretok, ker lahko tako
poka�emo relativne medsebojne odvisnosti.

4 SKLEP

Prikazane so tri znaèilnice in njihova
ojaèenja. Ta smo primerjali tako statièno kakor
dinamièno. Poleg tega pa so omenjene tudi tri razliène
metode doloèevanja toèke temena poligonske
pretoène znaèilnice.

Èe pogledamo 1. metodo za doloèevanje
toèke temena znaèilnice, vidimo, da bi se ta morala
spreminjati za vsako krmilno razmerje in mero
linearnosti. To je zaradi spreminjanja toèke temena s
spreminjanjem mere linearnosti nepraktièno. To pa
zato, ker so krmilni ventili vgrajeni v razliène sisteme,
medtem ko spremembe toèke temena zaradi
krmilnega razmerja niso kritiène, saj krmilno
razmerje doloèi izdelovalec ventila. Iz primerjave
med vsemi tremi metodami vidimo, da tretja metoda
daje najmanj�o razliko med ojaèenjema v toèki
temena, najmanj�e ojaèenje pri majhnih gibih pa
dobimo po 1. metodi. 2. metoda je nekje vmes.
Ojaèenje pri majhnih gibih je vedno majhno in skoraj
nespremenljivo, kar je zelo ugodno za krmiljenje
manj�ih prostorninskih pretokov tekoèin.

The simulation was performed by means of
the Mathlab Simulink computer programme, [6] and
[7]. The procedure works under the assumption that
the executive element behaves like the 1st order sys-
tem lag [5]:

(9).

Transfer function of the flow meter in the
feed-back loop:

(10).

The transfer function of the whole system:

(11).

Using the inverse Laplace transformation
and input as the unit step, controlled flow is as fol-
lows:

(12).

The comparison of system responses on step
input disturbance (see Fig. 12) for all three charac-
teristics shows that the responses are very similar to
the 1st order responses but give smaller values. The
conclusion can be made that the nonlinearity in the
vertex point is not critical. The simulation is calcu-
lated on the basis of relative travel and flow, to be
able to demonstrate relative interdependence.

4 CONCLUSION

Three characteristics and their gain were
compared from the static as well as the dynamic point
of view. In addition, the article describes three dif-
ferent methods of determining the vertex point of the
polygonal-flow characteristic.

If we take a closer look at the 1st method
used for calculation of the flow characteristics, ver-
tex point, we can see that the latter should be changed
for every control ratio and authority. The change of
vertex point caused by the control ratio is not deci-
sive, because the valve producer determines the con-
trol ratio. On the other hand, the change of authority
leads to problems, because control valves are de-
signed to be mounted in different systems. The com-
parison of all three methods shows that the 3rd method
has the smallest gain difference at the vertex point,
while the smallest gain at the low travels is an at-
tribute of the 1st method. The 2nd method is some-
where in between. Gain at low travels is always small
and almost constant, being favourable for the con-
trol of lower volume flows.
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Na� namen je bilo doseèi èim manj�e
ojaèenje pri majhnih gibih in èim kraj�i gib ventila,
idealno pa je nespremenljivo ojaèenje pretoène
znaèilnice za vse gibe ventila. Na splo�no najbolj
zadosti tem potrebam poligonska pretoèna znaèilnica,
saj zagotavlja gib, ki je kraj�i od sorazmerne pretoène
znaèilnice. Po drugi strani ima dalj�i gib od linearne
pretoène znaèilnice, a dobimo manj�e ojaèenje vsaj
do 30 odstotkov giba od linearne pretoène znaèilnice,
vendar je ta hkrati veèji od ojaèenja sorazmerne
pretoène znaèilnice. Pri veèjih gibih pa imamo veèje
ojaèenje (kar je ugodno za hitrej�e odgovore
krmilnega sistema) od linearne pretoène znaèilnice,
a spet manj�e kakor pri sorazmerni pretoèni
znaèilnici. Vendarle je poligonska pretoèna znaèilnica
nekaj vmes in torej primerna za uporabo skupaj s
prenosniki toplote. Zelo velik problem je nezveznost
pretoène znaèilnice, ki se �e toliko bolj ka�e v
ojaèenju pretoène znaèilnice. Pomembno je, da je
prehod iz enega nagiba v drugi pri poligonski pretoèni
znaèilnici èimbolj gladek. Vpra�anje, kak�nega reda
mora biti krivulja, ki povezuje oba dela poligonske
pretoène znaèilnice, da bo ta ohranila svoje lastnosti,
je zanimivo za nadaljnje raziskave. Dejstvo je, da je
potreben zvezni prehod med strminama, kar je tudi
edino mogoèe v praksi izdelati.

Eksperimentalna analiza je pokazala
ujemanje med izraèunanimi in dejansko izmerjenimi
ojaèenji pretoènih znaèilnic. Problem je v tem, da se
raèunske in izmerjene pretoène znaèilnice popolnoma
ne ujemajo in zato nismo dobili popolnoma enakih
rezultatov. To je �e posebej oèitno pri poligonski
pretoèni znaèilnici, katere nezveznost ni opazna iz
meritve. Poligonska pretoèna znaèilnica je praktièno
vedno zvezna v toèki temena. Izmerjene in simulirane
vrednosti ka�ejo enake strmine, iz èesar lahko
sklepamo o verodostojnosti matematiènih modelov.

Iz simuliranega dinamiènega odgovora
znaèilnice vidimo, da je odgovor podoben odgovoru
prehoda prvega reda, kar je oèitno iz reda vzbujane
funkcije. Ojaèenje se spreminja z gibom, kar pomeni,
da je pomembno ojaèenje pri majhnih gibih. Vsi trije
odgovori so stabilni, prenihanja ni. Pri prehodu èez
toèko temena ne pride do nihanj pri poligonski
pretoèni znaèilnici kljub nezveznosti v ojaèenju.

Poligonska pretoèna znaèilnica je ustrezen
nadomestek za sorazmerno v sistemih, kjer
potrebujemo poleg visokega krmilnega razmerja �e
hiter odziv (to je kratek gib). Ta znaèilnica je primerna
za  cenej�e sisteme, saj ni prava sorazmerna pretoèna
znaèilnica.

Our aim was to reach the smallest possible
gain at low travels while keeping the valve travel
short. The ideal solution would be a constant gain
over the whole range of the valve�s travel. In gen-
eral, a polygonal-flow characteristic fulfils most of
these requirements. It has a shorter travel than a pro-
portional-flow characteristic and despite having
longer travel than a linear-flow characteristic, it fea-
tures a smaller gain for at least 30 % of the travel, it
still has a larger gain than a proportional-flow char-
acteristic. Higher gain occurs at larger travels, (which
enable faster response of the control system) as with
the linear-flow characteristic, but again slower than
the proportional flow characteristic. Nevertheless, the
polygonal-flow characteristic is a good choice and
therefore suitable for use together with heat exchang-
ers. A huge problem is the discontinuous form of the
flow characteristic, which becomes even more evi-
dent at the valve gain. It is important to make the
passage between different slopes as smooth as pos-
sible. The question about which order of the curve
connecting both parts of the flow characteristic to
maintain its properties is an interesting one for an-
other research project. The fact is that the transition
has only to be continuous, which is only feasible in
real conditions.

Experimental analysis proved the accor-
dance between the calculated and measured gains of
the flow characteristics. The only problem is that the
calculated and measured flow characteristics do not
fit completely, thus giving a slight discrepancy to the
results. It is quite obvious from the polygonal-flow
characteristic, whose discontinuity is not evident from
measurement. Measured and simulated curves have
the same slopes, which lead us to believe in the cred-
ibility of the mathematical models.

Simulation of the dynamic response reveals
that the response is similar to the response of the 1st

order, which can be seen from the order of the excit-
ing function. Gain changes along with travel, which
means that gain is important at the lower part of the
travel. All three responses are stable and without os-
cillations. Polygonal-flow characteristics show no os-
cillations even when passing through the vertex point,
where the gain is supposed to be discontinuous.

The polygonal-flow characteristic is a suit-
able replacement for the proportional characteristic
in systems where a high control ratio as well as a fast
response (short travel) is required. This flow charac-
teristic is ideal for cheaper systems, being a pseudo-
proportional flow characteristic.
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mera linearnosti
merjeni pretok tekoèine
krmiljeni pretok tekoèine
napaka krmiljenja
prenosna funkcija ventila
prenosna funkcija sistema
prenosna funkcija merilnika pretoka
ojaèenje krmilnega ventila
referenèni pretok
krmilno razmerje
prostorninski pretok tekoèine
èas
relativni gib
relativni gib v toèki temena

relativna pretoènost
relativna pretoènost v toèki temena

èasovna konstanta

a authority
b measured flow of the liquid
c controlled flow of the liquid
e control error
G(s) valve transfer function
G

s
system transfer function

H(s) flow meter transfer function
K

v
control valve gain

r reference flow
R control ratio
q volume flow rate of the liquid
t time
X relative travel of the valve
X

k
relative travel at the vertex point of the
characteristic

F inherent flow
F

k
inherent flow at the vertex point of the
characteristic

t time constant

6 LITERATURA

6 REFERENCES

[1] Bobiè, M., I. Bajsiæ (1997) Poligonska pretoèna znaèilnica ventila. Zbornik mednarodnega kongresa
SITHOK-2, Maj 11-12-1997, Maribor, Slovenija.

[2] Bajsiæ, I., M. Bobiè (1998) Reducirana pretoènost krmilnega ventila, da ali ne ?, Strojni�ki vestnik, letnik
44, �t. 7/8.

[3] Ðonlagiæ, D., B. Tovornik (1997) Krmilni ventili. Fakulteta za elektrotehniko, raèunalni�tvo in
informatiko, Univerza v Mariboru, Maribor.

[4] CEI/IEC 534: Industrial-process control valves (skupaj 8 delov)
[5] Smith, C. A., A. B. Corripio (1997) Principles and practice of automatic process control; Second edition,

John Wiley & Sons, Inc., New York.
[6] MathlabTM (1993) The MathWorks, Inc.
[7] SimulinkTM dynamic system simulation software (1993) The MathWorks, Inc.

Naslova avtorjev: doc. dr. Ivan Bajsiæ
Fakulteta za strojni�tvo
Univerze v Ljubljani
A�kerèeva 6
1000 Ljubljana

Miha Bobiè
Danfoss Trata d.d.
Jo�eta Jame 16
1210 Ljubljana � �entvid

Authors� Address: Doc.Dr. Ivan Bajsiæ
Faculty of Mechanical Engineering
University of Ljubljana
A�kerèeva 6
1000 Ljubljana, Slovenia

Miha Bobiè
Danfoss Trata Ltd.
Jo�eta Jame 16
1210 Ljubljana � �entvid,
Slovenia

Prejeto:      
23.3.2000

Sprejeto:     
2.6.2000Received: Accepted:

5 OZNAÈBE
5 DESIGNATION


