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Abstract. Recently, SMART positioners have been widely used to control 

the on-off and control valves. These devices allow you to set an arbitrary 

user dependence of the valve travel on the control signal. This makes it 

possible to provide a linear throughput for the entire piping system. This 

allows the use of smaller type control valves while maintaining the control 

range. Accordingly, the energy consumption for controlling the shutoff 

element is reduced; the value of the reinforcement energy efficiency 

indicator is improved. In that work analytically calculates a user 

dependency that takes into account the value of pipeline throughput and 

allows to obtain a linear throughput of the pipeline system in the entire 

range of control signal change.  

1 Introduction 

The introduction of modern automation technologies improves the energy efficiency of 

pipeline valves and pipeline systems. Automatic control systems make it possible to 

optimize operation modes of pipeline systems, which leads to significant savings of energy 

resources [1]. The optimization criterion can be a minimum of energy, time, or material 

consumption. 

In many modern industries, on-off and control valves are used to automatically control 

the flow of liquid and gaseous process media. Linear and rotary pneumatic actuators are 

often used to control valve travel.  An important area of research in this area is improving 

the positioning accuracy of pneumatic actuators.  To solve this problem, it is necessary to 

study the dynamic characteristics and search for the optimal structure of the drive [2-4]. 

Other directions of energy efficiency improvement are search of new materials and 

technologies of reinforcement production [5], development of criteria of energy efficiency 

assessment [6]. 

However, the static characteristics of the drive are also important.  It is desirable that 

they be linear. This simplifies the creation of an automatic control system, allows you to 

make control more accurate. If pressure or flow rate of process medium during control 

exceeds the required value, its release is performed. The product of pressure per flow rate is 
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the flow power. Therefore, the unproductive discharge of the process medium leads to 

energy losses. Thus, increasing control accuracy due to linearization of static characteristics 

of control valves increases the energy efficiency of pipeline systems.  The paper proposes a 

solution to this problem. 

2 Methods and materials 

One of the main characteristics of such valves is the flow characteristic - the dependence of 

the flow capacity KV on the stroke of the valves [7]. It is easier to create an automatic 

control system if the valves have a linear throughput: 

 

F(h) = F0 + mh = F0(1-h)+h      (1) 
 

where F(h) is relative flow capacity, F0 is the initial relative throughput, m is the 

proportionality coefficient (at relative stroke h = 1 the relative throughput F = 1, and                   

m = 1 - F0), h is the relative stroke ratio. 

The flow characteristic of the pipeline system is determined both by the characteristic of 

the valves and by the throughput of the pipeline. If the flow capacity of the valves exceeds 

the pipeline capacity by more than three times, the system capacity becomes substantially 

non-linear [8]. In this case, valves with equal percentage flow characteristic are used: 

 

F(h) = F0
1-h

       (2) 

 

In this case, the flow characteristic of the system is close to linear on the 50... 70% 

stroke of the valves.  

Isolation and control valves are controlled using positioners. Positioner provides linear 

relationship between control signal and control valve stroke. Modern SMART positioners 

allow you to additionally program the user's dependence of the valve travel on the control 

signal, which is equivalent to the introduction of a corrective link. A wide range of SMART 

positioners is currently being issued, for example, as presented in [9]. Correction link is one 

of the methods of obtaining linear static characteristics in automatic control systems [10].  

Programming of the user flow characteristic can allow to obtain a linear throughput 

characteristic of the system "control valves - pipeline" at the entire range of valve travel. 

The main task is to determine the type of this characteristic (that is, the static transfer 

function of the correction link). 

3 Results and discussion 

The known formulae [11] are used to determine the flow resistance coefficient   and the 

flow characteristic KV. From these, a unique relationship between  and KV can be 

obtained.  

Resistance coefficient of pipeline system is equal to sum of resistance coefficients of 

valves and pipelines. By determining the resistance coefficient of the pipeline system, we 

can calculate its flow capacity.  

Assuming that the flow capacity of valves and pipelines differs by n times, an 

expression can be obtained to determine the flow characteristic of the pipeline system: 

 

FC(h)= F(h)∙√
1+n2

1+n2∙F2(h)
                    (3) 
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where FС(h) is the relative capacity of the pipeline system, n is the ratio of the rated flow 

capacity of the valves to the pipeline capacity. 

If we consider the driving effect Uz in relative units, then as a rule, the positioner 

provides a linear dependence h = Uz. In this case, the programmable user function should 

ensure that the relative stroke h depends on the control signal h = f (Uz), which would 

ultimately provide a linear dependence on the flow capacity of the pipeline-valve system: 

 

Fс =  Fос+КсUz = Fос+ (1 - Fос)∙Uz      (4) 

 

where F0С is the initial relative capacity of the pipeline system, КС is the proportionality 

coefficient (by analogy with (1) КС = 1 - F0С). 

To find the desired user function h = f (Uz), equate the right parts (3) and (4): 

 

 F(h)∙√
1+n2

1+n2∙F2(h)
= Fос+КсUz                    (5) 

 

After simple transformations, we get: 

 

F(h)=
Fос+КсUy

√1+n2∙[1-(Fос+КсUy)
2
]

       (6) 

 

Substituting from (1) the function of the linear flow characteristic, after the 

transformations we obtain: 

 

h(Uz) = 
Fос+КсUz

(1-F0)√1+n2[1-(Fос+КсUz)2]
 - 

F0

1-F0
      (7) 

 

Initial relative flow capacity of pipeline system is determined from formula (3). For this 

purpose we substitute the value of initial relative flow capacity of valves: 

 

F0С = F0∙√
1+n2

1+n2∙F0
2        (8) 

 

The user flow characteristic is given as a set of points, for each of which the value of the 

UЗ control signal and the corresponding relative stroke value h are indicated. If h values are 

calculated as per formulae (7) and (8), linear dependence of flow capacity of ФС pipeline 

system on UЗ is obtained in the whole range of control signal change. 

4 Conclusion 

The graphs of the function (7) become significantly nonlinear when n is magnified (fig. 1). 

The real technical system "reinforcement - actuator - positioner" can have significant 

friction forces and has characteristics such as sensitivity and hysteresis. This makes it 

difficult to realize the user flow characteristic at the start portions where large variations in 

the control signal correspond to small increments. Probably, in this case, fittings with an 

equal percentage flow characteristic should also be used. 
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Fig. 1. User function h = f (Uz). 1) F0 = 0.04, n = 0.5; 2) F0 = 0.04, n = 1; 3) F0 = 0.04, n = 2;  

4) F0 = 0.04, n = 3 

 

Similarly, for valves with equal percentage flow characteristic, we obtain the following 

user characteristic: 

 

h(Uz) = 1 - 
𝑙𝑛(Fос+КсUz)−0,5𝑙𝑛{1+𝑛2[1−(Fос+КсUz)2]}

lnF0
     (9) 

 

However, in this case, the situation is complicated by the fact that the inherent flow 

characteristic can differ significantly from the standard values, especially in the initial 

section with small moves. Therefore, for calculations it is necessary to use the actual flow 

characteristic. 

The task of determining the inherent flow characteristic is discussed in part in [12]. It 

should be noted that the flow capacity of the valves at zero travel is equal to or close to 

zero. Formula (2) gives the value F0. Because of this, a discrepancy of real and standard 

values is obtained. Therefore, to more accurately determine the inherent flow characteristic, 

it is necessary to search for an alternative mathematical function for valves with an equal 

percentage flow characteristic. 

Calculation of pipeline flow capacity can be carried out on the basis of known hydraulic 

formulas or using known methods and reference data [13, 14]. Programming of user 

characteristics is detailed in the corresponding documentation [15, 16]. 
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