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– improved cost effectiveness for new system development by reusing components; 
– shortening man-hours by cutting down on recoding of repeating operations by reusing already defined components. 
In author’s opinion implementation of this method will increase efficiency SCADA in various fields. 
This method could be used by system architects and programmers already working on existing SCADA reengineering 

projects. 
Future reengineering model development will lay the ground for other support types of redesign SCADA. Reengineering 

SCADA will overcome the discrepancy between the pace of development of science and technology and design processes, 
improve technical support SCADA and reduce operating costs. 
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Abstract: On many industrial objects regulators of pressure are used. Following initial data are necessary for proper 

selection of a regulator and calculation of throughput: a working environment, entrance and target pressure, expense, 
temperature of a working environment, accuracy of regulation, a class of tightness, diameter of the pipeline, type of accession, 
constructional materials, external or internal registration of target pressure, protection against excess of pressure. 
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The decision of this problem is closely connected with the proved choice of types of the process equipment, wide automation 
of technological processes, introduction of new technical decisions, use of necessary means of the control over realization of 
problems of complex mechanization of technological operations. In article the analysis of work of the functional module of a 
vertical multiline automatic packing machine on the basis of a proportional regulator of pressure «CAMOZZI» with 
realization of a feedback by means of an analog signal of regulator МХ-PRO [1-3] is lead. The drive of the holder for a rolled 
material has been tested on proportional management of position of the directing rollers used on a technological site of supply 
and regulation of a tension of a tape of a roll of a packing material at formation of packing. 

Results on use as the operating module of regulator МХ-PRO for management of a drive of the holder for a roll of a 
material in view of a course and pressure in a pneumatic system are received. Carried out researches provide the way to raise 
operational properties of a transportation system of supply of a packing material for technological processes of packing 
modules at the food enterprises.   

Аннотация: На многих производственных объектах используются регуляторы давления. Для правильного подбора 
регулятора и расчета пропускной способности необходимы следующие исходные данные:  рабочая среда, входное и 
выходное давление, расход, температура рабочей среды, точность регулирования, класс герметичности, диаметр 
трубопровода, тип присоединения, конструкционные материалы, внешняя или внутренняя регистрация выходного 
давления, защита от превышения давления. 

Решение этой проблемы тесно связано с обоснованным выбором видов технологического оборудования, широкой 
автоматизацией технологических процессов, внедрением новых технических решений, использованием необходимых 
средств контроля для реализации задач комплексной механизации технологических операций. В статье проведен 
анализ работы функционального модуля вертикального многопоточного упаковочного автомата на базе 
пропорционального регулятора давления «Камоцци» с реализацией обратной связи с помощью аналогового сигнала 
регулятора МХ-PRO [1-3]. Привод рулонодержателя был протестирован на пропорциональное управление 
положением направляющих роликов, используемых на технологическом участке подачи  и регулирования натяжения 
ленты рулона упаковочного материала при формировании упаковки. 

Получены результаты по использованию в качестве управляющего модуля регулятора МХ-PRO для управления 
приводом рулонодержателя с учетом хода и давления в пневмосистеме. Проведенные исследования дают 
возможность повысить эксплуатационные свойства транспортной системы подачи упаковочного материала для 
технологических процессов упаковочных модулей на  пищевых предприятиях. 

Key words: Regulators, pressure, accuracy, roll, material, feedback. 
Ключевые слова: Регуляторы, давление, точность, рулон, материал, обратная связь. 

 
Introduction 
The vertical multiline automatic packing machines working from two rolls, are applied usually to fine packing for portions 

of loose, liquid, viscous and fine piece production in flat packages for the packing, produced of various thermal welded or 
thermal stuck together film materials, as well as the filtrational paper laminated by polythene of a paper and an aluminium foil. 
Then opposite surfaces of such packages can be carried out from various materials. 

For formation of a package it is necessary to provide regulation of pressure in system of a tension of rolled materials. To 
provide the process equipment with competitive characteristics allow electric mechatronic modules of positioning. In systems 
of hi-tech packing machines, at management of movement of functional working bodies, there is connected with variation of a 
configuration of working bodies a variation of inertial parameters of working links. 

The model of system of positioning considered in the given work, allows not only to specify parameters of the functional 
module of a packing machine, and to change them by means of a feedback between a proportional regulator of pressure and the 
executive mechanism. For extension of works on research of applications of proportional regulators МХ in systems of the 
automated pneumoelectric drive, research of application of such type of regulators has been executed. In control systems with 
a tension of a flexible material which is shaped in rolled structure, it is necessary to supervise a condition of supply of a 
material from a roll in a zone of formation of a package. 

The analysis of existing decisions 
In some cases operational and constructive characteristics are mutually connected and cannot be separated neatly from each 

other. The center of attention instead of separate components is the complex integrated solutions developed for a drive of 
mechanisms of the elevating equipment, for all technological processes of food branch, a robotics, manufacture of various 
packing machines, as well as a lot of other areas. They are a basis for successful and fast introduction of innovative 
development in the field of manufacture of cars and plants with objective of achievement more high efficiency. The productive 
and reliable equipment of company CAMOZZI is constructed on the recognized standards and differs convenience of service. 
For a condition of simple and flexible adaptation of separate functional modules and cars in a technological line of 
manufacture of packing, the possibility of fast readjustment of the equipment under new technological problems is. For motive 
power in electropneumatic systems compressed air is used. For adjustable supply of air it is carried out by reducers regulators 
of pressure, it is standard regulators of pressure which work on pressure decline on an output more often and have no 
possibility of fast readjustment during work on the removed control system. Regulators of set AR concern to such systems, AF 
(SMC), station of regulation of a feed of air type 708 (SAMSON), regulators of pressure МС (CAMOZZI) and other similar 
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arrangements. The technology for coordinate regulation of a tension for tape was developed for digital press (polygraphic 
manufacture) all over again, but in the further has been recognized, that it is the excellent decision for packing machines with 
formation of packing from rolled materials, for example packing machines from Tetra Pak and Elopak. 

To provide accuracy of overlapping of layers of a rolled material depends on two associated variables: tension of a tape and 
speed of its moving. In perfect conditions non-uniformity of a tension of a tape would not arise, and to adjust a tension it would 
not be required. For adjustment of a tension it is necessary in connection with influence of several factors: the fluctuations 
caused by mechanical discrepancies of a design; the various inertial response of mechanical elements during acceleration of a 
tape; non-uniformity in unwinding and a tension of rolls; slipping of fascinating rollers. CAMOZZI has developed systems for 
adjustment of supply of pressure of compressed air in system of a drive of a tension of a tape which is capable to solve the 
primary goal of rolled supply of materials, providing high speeds at high accuracy of overlapping. For synthesis and the 
analysis of work of packing machines with regulator CAMOZZI МХ – PRO, as well as carrying out of the analysis of possible 
laws of supply of pressure in system of an electropneumodrive in the given work the special attention was given construction 
of mathematical model. For synthesis and the analysis of work of packing machines with regulator CAMOZZI МХ – PRO, as 
well as carrying out of the analysis of possible laws of supply of pressure in system of an electropneumodrive in the given 
work the special attention was given construction of mathematical model. 

Statement of a problem 
The important problem at operation of systems of automatic control pressure of gas is maintenance of required dynamic quality 
and, first of all, absence of the uncontrollable self-oscillatory processes reducing service life of systems and accuracy of 
measurement of expense of gas [1]. In the scientific literature not enough attention has been given to studying of the factors 
influencing dynamic processes in system of regulators of pressure [2, 3]. 

Objective of work is the solution to the problem of optimum control by process of supply of a packing material and 
development of mathematical model of a regulator of pressure of compressed air in which the possibility of movement of 
elements of mobile system is considered from each other at movement between emphasises (pneumocylinders) of directing 
platens (fig.1). 

 

Fig. 1 - the Function chart of the vertical two-rolled multiline automatic device of model ВАЭМ 4/1-10/5 

The regulator of pressure of gas is intended for maintenance of constant pressure on an input in a control system of 
directing and supporting platens. We shall consider application of a proportional regulator of pressure on the vertical multiline 
automatic device of model ВАЭМ 4/10-10/5It consists of the arrangements of unwinding of rolls fixed on a bed 1 and 2 
(fig.1.) a packing cloth; mechanisms 3 longitudinal are sharp rolled cloths on interfaced tapes; arrangements of the platen 4 
step-by-step supplies of a packing material and formations of packages; the photogauge operating it reading from a surface of a 
tape special labels, defining length of packages; a multiline dosing out arrangement it (is not shown), packing up in shaped 
packages production for packing; the arrangement 5 welding edges of interfaced tapes by longitudinal seams; the arrangement 
6 welding packages by a double cross-section seam with simultaneous operation of cutting of a material between seams; the 
marking arrangement blocked with it dating (6 figures) on a cross-section seam; the tape conveyor 7 driving from the 
automatic device ready packing units 8; as well as a case with an electric equipment and a microprocessor control system. The 
mathematical model of a regulator of pressure is described by the rated diagram of a regulator in working position, presented 
on fig. 2. At a conclusion for the system of the equations following assumptions have been accepted: a working body – ideal 
gas; heat exchange between gas and walls of a regulator is absent; the temperature of gas by a flowing part remains to a 
constant; transients of current of gas in throttles quasi-stationary. 
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Fig. 2 - The generalized rated diagram of a regulator of pressure in view of the attached highways 

The generalized rated diagram (fig.2) of a regulator of pressure in view of the attached highways, keeping constant pressure 
behind itself, made on an example of proportional regulators of pressure MX-PRO CAMOZZI is considered. During 
researches the proportional regulator of pressure on the basis of set MX in which instead of the handle with a spring the 
proportional regulator of pressure К8P adjusting pressure of management in the pilot chamber is established is considered. On 
fig.2 pneumatic system with an electric proportional regulator of set K8P, consisting of the hollow rod 3 connected to a 
membrane 4 and piston in weight m, as well as the piston 6 fixed on elastic communication by means of a rod and a gas spring 
1 with rigidity C1. The chamber 2, provides the way to support the installed pressure upon the main channel 1 ’ – 2 ’ and to 
support a signal on pressure for the channel of a feedback with system of operating 2/2 valves K8P on pressure. Pressure in the 
chamber 5 allows to operate a membrane 4 and to establish desirable pressure upon an output from a regulator. The channel 3 
’-is the channel of an exhaust at dump air. [3]. The piston 3 and a membrane are under action of command pressure Poperftion 
from operating valves K8R - specifying. The equation of balance of a membrane as dynamic link with the concentrated 
parameters m, Cпр,  - is presented in the form of:  

 
,002012

2
FFFxC

dt
dx

dt
xdm пр

  (1) 

where F  – the sum of forces of nonlinear friction, aerodynamic elevating force and the forces acting on a membrane and a 
rod; прC – rigidity of a spring, N/m; m – weight of mobile system, kg;  – damping; 0201, FF – efforts of preliminary influence 
of a mechanical spring 1 (fig.1) and a gas spring in the chamber 5. By assumption in mathematical model also it has been 
taken: insignificant influence of forces of friction and elevating force of a stream on static and dynamic characteristics of 
system: 

,10 maTcimm SpSpSpSpF  when mp – pressure in a cavity under a membrane; mS  – the area of a membrane; ap  
– atmospheric pressure; cS  – the area of a saddle of the valve; TS  – the area of a plate where i – factor of expense; х – 
course of a membrane of the valve; R – gas constant; iТ  – temperature of braking; k  – parameter of an adiabatic curve; iр  – 
absolute pressure; iS  – the area of through passage section; кр  – the critical attitude of pressure. 
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In rated model following assumptions [2] are accepted: a working body – ideal gas; pressure and temperature upon an input 
of a regulator are constant, i.e. P0 = const, T0 = const; Mode of flowing of gas in a cavity of the consumer – critical; heat 
exchange between gas and walls of a design is absent.  

Believing, that the condition of gas in a cavity changes under the adiabatic law, it is possible to record (2): гд when x – 

factor of expense in section of a rod 3 (fig.1); cd – diameter of the piston on a rod 3; x- course of a plate of the valve; R – gas 
constant; T10 – temperature of braking in the chamber 2; k – parameter of an adiabatic curve; Pi – pressure before an input in 
К8Р; P10 – pressure upon an input in a regulator of pressure; кр – the critical attitude of pressure, cP – pressure in a cavity of 

the chamber 2; 1iG  – the mass expense defined by operating valves К8Р; cV – volume of a cavity of the chamber 2; iG – 

mass expense feeding К8Р; R – gas constant; k – parameter of an adiabatic curve; cT – temperature of gas in a cavity; cС . – 
Capacity of variation of pressure (rigidity of a gas spring). The method of carrying out of experiment consist in supervising 
working pressure in the set intervals by means of a regulator of pressure. In parallel with experimental researches the analytical 
model constructed in view of the generalized equation of conservation of energy was analyzed. Readings of regulation on 
pressure are removed in system Fluid Lab–PA, through EasyPort for maintenance of communication between the personal 
computer and МХ-PRO. For removal of the characteristic of a regulator and definition of reaction to individual influence such 
functions, as a choice of channels of measurement, correction of time of measurement or the analysis by means of the cursor 
with function of scaling were used. 

Conclusion 
The received system of the equations (2) describes functioning a regulator of pressure of gas with the attached capacity and 

a package of operating elements. At the set expense of gas through a regulator and required value of pressure on output Pout 
(fig.2) on its mobile parts the balance of forces is established. At variation of expense of gas through a regulator, for example, 
an increase due to the consumer, pressure upon its output Pout will decrease, owing to what the balance of forces on a sensitive 
element of a regulator – the piston that will lead to an increase of the area of section of a throttle between the piston 6 and the 
piston of a rod 3 will be broken. Pressure upon an output increases up to required Pout and occurs restoration of balance of 
forces on mobile parts of a regulator. At reduction of expense through a regulator regulation of pressure on an output occurs 
similarly. According to the accepted assumptions the equations describing gas dynamic processes in a regulator of pressure of 
gas are received, losses of energy are considered by means of factor of expense. By means of modelling behaviour of a 
working environment (fig.3), in a regulator and on an output from it, probably to estimate size of speed of system during test, 
possible deviations from the installed ranges of adjustable sizes and to reach stable position of working processes in the 
mechanical systems operated by means of regulators.  МХ-PRO іt was used for maintenance of constant pressure on an input 
in a control system of directing and supporting platens, provides the way to provide the technological control over operation in 
a mode of actual time. 
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Fig. 3 – Results of calculations and measurements of pressure on an output at use of different operated volumes: а) V = 

0.1 m3, b) V = 0.2 m3. 
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