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Abstrakt— In this work was described a SCADA application, which controls the operation of the electromagnetic resonant vibratory feeder. The control unit of the feeder, based on the given parameters, generates electrical impulses to excites electromagnetic vibratory actuator. Electric power converter works on the principle of width-pulse modulation called ''PWM''. Frequency of the current pulses is equal to the resonant frequency of the feeder, thus achieving maximum material flow with minimal energy consumption and minimal mechanical stress springs (minimum reverse channel in the horizontal plane). PLC, based on the signal from the weight sensor of the metered material and on the basis of the control law, generates a control signal A[%]. The control unit of the feeder excites electromagnetic drive with the energy that is proportional to the value of the signal A[%].
Index Terms-SCADA, vibratory feeder, PLC, PWM. 

I. Introduction
Vibratory feeders are used for transport of bulk and fine-grain material, usually as devices for connecting jobs in production or as part of various plants. The essential parts of the feeder are: (1) drive mechanism (2) elastic mounted trough or track for transport and (3) vibratory exciter.
The principle of the material’s transport is based on the inertia of the material in motion. Trough in the section of the road has a variable speed and moves in the same direction together with the material. At the end of the road trough suddenly slows down, then changes its direction of movement. The material is due to inertia, and continues moving in the same direction as before. Due to the constant movement of channels and changes its direction, the material is transported continuously in one direction [1] - [4].
The vibrations of trough can be achieved in various ways: mechanical, electromagnetic, pneumatic and hydraulic. The trajectory of the trough can be linear, elliptical and circular. Combining excitation and modes of transport were developed many solutions that are tailored to specific customer needs [5] - [11].
This paper describes the SCADA application that controls the operation of feeder with electromagnetic excitation [12] and the channel that is oscillating in a horizontal plane. Based on the signal from the weight sensor and on the control laws, PLC generates a control signal A[%]. The control unit of feeder excites electromagnetic vibratory actuator (EVA) with the energy that is proportional to the value of the signal A[%]. The EVA is excited with electrical impulses whose frequency is equal to the resonant frequency of the feeder [13] - [17].
II. Environment of the experimental process
It is designed vibratory feeder with the appropriate control unit. Block diagram of the experimental process, with the mechanical construction of the conveyer, is shown in Figure 1.
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Fig. 1. Block diagram of the experimental environment of the vibratory feeder.

This system has the following elements: (1) control unit (2) hopper, (3) latch to adjust the mass flow of material from the hopper (4) vibratory trough, (5) acceleration sensor of the vibratory trough (6) EVA (actuator), (7) displacement sensor of the trough, (8) composite layered springs, (9) weight sensor of the metered material, (10) damping-elastic elements, (11) current sensor and (12) oscilloscope.
The control unit, together with the output converter realized in halfbridge IGBT topology, based on the given parameters generates electrical impulses to excite EVA. These parameters can be set in two ways. The first is via the keyboard, by entering a specific menu and setting the parameters, and the other by a PLC. Input parameters for the control unit are: power, frequency of electrical impulses and acceleration of the trough. In this experimental environment, frequency is set via the keyboard, the PLC control the power, and the acceleration obtained from the acceleration sensor, which is attached to the trough. Power is a parameter that is proportional to the mean value of the current that excites EVA.
The basis, on which is fixed part of the mechanical system, is made of a solid block, in order to transfer vibration to the trough. Transmission of vibrations to the environment is prevented by using elastic damping elements. The construction of the base allows mounting: carrier for composite springs, movement sensor and support bracket for the hopper above the trough. The carrier of the springs represents a point of support for the springs and the place where are the fixed inductive coil (the coil) of EVA.
The springs are made of composite material Fiberglass®. The kit contains four pairs of springs of different thicknesses. By combining these springs has been adjusted coefficient of elasticity of equivalent stiffness of the system, and thus adjust the resonant frequency.

Hopper for delivery of materials is funnel shaped, which provided the free gravitational flow of the material. The flow of material from the hopper can be adjusted by means of a ball valve (valve) diameter of ¾''. Hopper volume is about 2 liters.

An acceleration sensor, a document type 'P / N 123-215', is attached to the trough. The signal from the sensor is kept at the control unit, for monitoring the amplitude and frequency of oscillation.
The control unit, based on the values ​​of frequency and power, controls the operation of the inverter. Data input is done via the integrated keypad with menu display on the LCD.
Energy converter for the excitation of EVA works on the principle of pulse-width 'PWM' modulation. PWM is obtained by comparing the reference triangular waveform (frequency 0-200 Hz) and high-frequency carrier frequency of 20 kHz.

Displacement sensor, based on the induction of eddy currents is mechanically fastened to the base. The signal at the output of the sensor is proportional to the moving of the trough, in relation to the vertical plane.

The mean value of current is measured by a digital multimeter 'MS8268'. Current sensor is ‘AS712T’. This sensor is based on the electromagnetic effect of variable primary current (coil current of EVA).

Time diagrams of the coil currents and displacements of trough are monitored on an oscilloscope. 
III. Excitation of vibrational actuator
The excitation of EVA, or its predominantly inductive coil is achieved using IGBT half-bridge inverter consisting of two transistors, Q1 and Q2, and two return diodes, D1 and D2. It is provided the galvanic isolation of the exciter circuits of transistors to control part. For this converter is applied PWM current control based on a comparison of the reference signal of low frequency (0-200Hz) and the triangular carrier frequency of 20kHz.
Schematic diagram of the energy converter and the corresponding PWM control circuit are shown in Figure 2. The waveforms of typical signals are shown in Figure 3.
The reference signal can be rectangular, triangular or sine. In this case, the selected triangular reference, in Figure 2 designated as 'signal1' and a high-frequency triangular bearer 'signal4'. Based on the comparison of the two signals in the comparator block, obtained the width modulated pulse trains marked 'signal3'. This pulse trains actually controls the operation of the IGBT switches Q1 and Q2.

In the intervals when the switches Q1 and Q2 are included ('signal4>'signal1'), mainly due to the inductive nature of EVA, its power grows. In the intervals when the switches Q1 and Q2 are excluded ('signal4'<'signal1'), comes to switching diodes D1 and D2. They become conductive and accumulated energy from the coil return to the single DC circuit of the power converter. In this case, voltage across the winding of EVA is negative and vibratory coil current decreases. A vibratory exciter coil current in Figure 3 is referred to as 'signal2'.
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Fig. 2.  Schematic diagram IGBT converters and PWM pulse generation
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Fig. 3.  Waveforms of the characteristic signal in the control of  the IGBT inverter.
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Fig. 4.  Time diagrams of displacement of the trough (1) and coil current (2), F = 51,5Hz, I = 210mA.

IV.  Implementation of the PLC control algorithm 

SIMATIC S7-1200 PLC CPU units support a variety of different I / O modules and communication cards. S7-1200 CPUs contain an integrated PROFINET interface, which enables easy networking between the PC software, the controller and the HMI.

PLC programming was performed using a "ladder" diagram, which is converted to the corresponding Boolean equations whose execute the given logic functions.
The computer that is used for device programming, program design and monitoring of the process, the TIA STEP 7 Professional V11 SP2 and WinCC Professional V11 SP2, must meet the following minimum hardware specifications: (1) Processor: 2.2 GHz Intel Core 2 Duo; (2) Memory: 2 GB RAM; (3) Hard Drive: 250 GB HDD; (4) Graphics: min. 1280x1024; (5) Display: 15 "SXGA + display (1400 x 1050).
To write the programs and control devices were used software Siemens Simatic TIA Portal, Step7 Professional v11 SP2 and WinCC V11 SP2, belong to the most effective software solutions for the optimal design of the entire automated process with only one screen.
Development of the project in the TIA Portal consists of several steps: (1) Creating a project; (2) Development of system configuration PLC; (3) Creating and configuring network connections between devices; (4) Creating a driver for PLC devices; (5) HMI design; (6) Processing of applications made to the PLC and HMI devices; (7) Checking the operation and debugging applications.

V. Programming control algorithm in Simulink environment and its integration into the TIA Portal
Simulink PLC encoder generates a hardware-independent IEC 61131-3 structured text from Simulink models, Stateflow graphics and MATLAB Coder functions [23]. As a result, it is possible to compile and deploy the application on most programmable logic controllers. Using the encoder, system designers can spend more time fine-tuning algorithms and models through the rapid development of prototypes and experimentation, and less time on writing code to the PLC.
Basic workflow with Simulink PLC encoder comprises:

1. Defining and designing a Simulink model from which it is desired to obtain generated code.
2. Identification of the components of the model for which you want to generate code to load the PLC.

3. Set up the components in the block subsystem.

4. Identification of the target IDE for PLC.

5. Configure the block subsystem as Atomic.

6. Check the compatibility of the model with Simulink PLC encoder.

7. Simulation of the model.

8. 8. Configuration parameters for code generation for PLC IDE.
9. Review of generated code.

10. Importing PLC code in the IDE.
Simulink model of the vibrating dispenser has been shown in Fig. 5. The model has been obtained on the basis of [11], [13] and [14]. For this model formed PID controller with "anti-windup" algorithm [14] which subsystem can be seen in Fig. 6. Control signal PID controller is proportional to the mean value of the coil current.
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Fig. 5. The Simulink model of the vibratory feeder.
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Fig. 6. The Simulink model of PID controller vibratory feeder.
For a given model, simulation was performed and after selecting the appropriate settings of the controller, using the method described above, using subsystems was formed structural textual code.
The resulting code is introduced in an existing project in the TIA Portal in a way that in the project tree for the corresponding device (in this case S7-1200) had selected "External source files / Add new external file" before opened the file with the generated code [24]. Once in the project tree appears name of the file with the generated code, you need to right click on it and choose "Generate blocks". This gives a PID function block. When this function block is introduced into some of the organizational blocks, Data block will be formed which contains, amongst other things, adjustable variables. These variables can be accessed, if necessary.
Function block PID controller is placed in the "Cyclic interrupt" block with a period of 0.1 seconds. The main block contains cyclic code formed in the 'ladder' language, whose task is to scale the input and output for forwarding the PID block and the WinCC application.
VI. Design of SCADA application 
SCADA application has realized by placing a new device the PC station, module WinCC RT Advanced and communication module IE General in Devices & networks, from the catalog.

For the realization of applications, first have been added devices (PLC and PC stations). This had been done in the window Project view-Project tree-Add new devices. Then had been added a PLC S7 1200 with CPU 1214C (6ES7 214-1AE30-0XB0) v2.2, before was added signal panel AQ1x12bit (6ES7 232-4HA30-0XB0).
PLC has been configured through the Project tree-Device configuration, by awarding an IP address 147.91.203.136.
For analog input PLC_1 brought the signal from the sensor weight. The analog output from the signal plate PLC_1 has been linked to the control unit of the vibratory feeder. This has been established communication between PLC and observable process.
Workstation was added, after PLC had been configured.  IP address has been added to workstation, through Project tree-Device configuration.
Through Devices & Networks Connections realized the Ethernet connection between devices, allowing the completed application configurations.
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FIg. 7.  Configuration of application
Code for dosing of bulk materials has been created, by using the "ladder" diagrams. In specific lines of code, have been made the scaling and standardization of reference, measured and control signal. To manage the process has been used proportional controller.

The control unit vibratory dispenser stirs electromagnetic actuator energy that is proportional to the value of the parameter A [%].
There are two modes: automatic and manual. The choice of modes is done manually with a button that is displayed on the screen.

In automatic mode, the value of the parameter A[%] is determined by the law of governance. In this case, the value of the parameter A[%] is proportional to the difference between the desired and the measured values ​​of the weight of the dosage material. Weight and value of the desired parameter A [%] are not displayed on the screen.

In manual mode, the value of the parameter A [%] is changed manually and do not depend on the law of governance.

In order to monitor the process, the display shows the current value of the weight of the dosage material and graphical representations of the desired and actual weight of dosed material.

By connecting the computer hardware and software systems, it has been designed the SCADA application.
The visualization of the system has been achieved by creating a screen in the workstation.
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Fig. 8. Display visual surveillance system.
Designing the HMI, or visualization controls and monitoring the size of the process, is relatively simple. By selecting and dragging the control from the toolbox, they have been placed on the screen.
All controls that can be placed on the screen, located on the right side of the toolbox. There are Basic objects graphics (line, circle, square, labels, images), and then to interact with the operator: IO field - the field to enter the values ​​of variables; Button - the button to start the different functions (new screen, resetting values ​​...) that are defined in the Event cards; Symbolic IO field - Combo box to select one of the listed values; Graphic IO field - Selection list graphically displayed options (icon); Date / Time field – field for input temporal instances; Bar - Graphical display of changing; and Switch - Change Boolean tag.
For any control that is placed on the screen, it is necessary to assign a PLC tag and possibly adjust the options.

The software component of the observed SCADA system is an information system WinCC FLEXIB. This information system consists the following components: (1) WinCC flexible Engineering System, a program that enables the implementation of configuration requires a SCADA system; (2) WinCC flexible Runtime, software for visualization of the process, and (3) WinCC flexible options, the program that defines the features of a particular SCADA system.
To use any of these options require a separate license.

Option of the information system WinCC FLEXIB, which can be used for remote control of the SCADA system is an application Sm@rtService. This application allows you to: (1) Remote access to HMI system via the Internet, intranets or local area network; (2) The collection and analysis of data on the monitored system management and administrator support using HTML pages integrated web server and (3) exchange of electronic mail during program execution.
Required application settings Sm@rtService is done in the following order: (1) Setting the configuration WinCC flexible Engineering System (This adjustment is done within the option Runtime settings); (2) Setting the HMI devices (Start> Settings> Control Panel> WinCC Internet Settings) and (3) Programming in external applications.
[image: image9.png]Project Edit View Inset Online Optians

Uf i H saveproject & ¥ = = X O3 (2

Help
MG E R S coonline F coofiine fy

Totally Integrated Automation

inCC RT Advanced] » Runtime settings

PORTAL

» [ Local modules
~ [ PCSystem_1 [SIMATIC PC statian]
I zice configuration
8] Online & diagnostics
= v [ HUILRT_T [Win
I Ozice configuration
9 Online & diagno
1 funtime settings
v [ screens
i
[ Dijagrami
¥ Glavni skran
» [ erzen management
» L Hillag:
% Connections
2 ala
Srecipes
i istorical dat
septs
3] schedulzd taske
B yeles
» Bl Reports
£ Text and graphic
9 User administration
2 3 @1 generl_1 [ Genersl]
+ [ Common data
" Harm cla
Tertlists

» 0 Documentation settings

Advanced]

od Manufacturing Fractice

Hlarms.
User administration
Language & fant

General

Screen

Startscreen
Defautttemplate
Sereen resalution
Fullscreen made

Lack tazk switching

Load names

Praject D

Historical data

Logging language:

—  TEL)
T —

I 000

T —

Match case
Find in substr)
Find in hidden
Use vildeard:

Use regular e

hole docur

From cunrsnt|

election

Dawn

up

Fir

Replace with

| E—

| Languages &...

S1se L]

Sapenn [

Editing languags |

Reference langu

> | Details view

4 Portal view

| c Properties  [*}info | %) Diagnostics

£ saver

d under EPetariVibracioni





Fig. 9. Setting of the configuration
Client-server connection can be achieved in one of the following two modes: (1) Monitoring mode and (2) Control mode.

The selection of these modes is carried out in the settings of the HMI device.

In monitoring mode, the operator can see the current screen on the HMI device that monitors all the changes, but there is no possibility of influencing the course of program execution.
In control mode the operator can use the mouse and keyboard from the server and controls the operation of the server.
System access codes have set on the server (''Start> Settings>ControlPanel>WinCCInternetSettings>Remote>Change Settings'').
Client codes have adjusted on the Server menu. If has been activated "View Only", the connection will be realized in the control mode.
Remote access to the SCADA system (monitoring or control) can be realized in two ways: through the Internet and through the application of Sm@rtClien.

VII. CONCLUSION
Requests to increase the speed and accuracy and reliability of production processes, in order to increase the quality and effectiveness of using time and energy, achieved through the implementation of programmable logic controllers. These controllers, solutions for management tasks have transferred from the area of ​​hardware solutions in the area of ​​software solutions. PLC represents solution of engineers who had the task to overcome the disadvantages of the application relay technique. The application of PLC provides miniature dimensions of the control system, low cost, easy production of documentation, the possibility of quick and simple modification of the judgment, easy diagnostics and troubleshooting, easy communication and increased measurement accuracy.
The paper describes the experimental system environment of vibratory dispenser, which is controlled by the PLC. The entire process is monitored by a SCADA application. S7-1200 PLC, together with related software solutions, working on small systems rises to a higher, more attractive, level. It is presents automatic generation of structured text code and its integration into the Siemens TIA Portal. The application of computer integrated manufacturing was obtained by a comprehensive approach to the production plant. Because it is possible to have access to remote processes, it is reduced maintenance costs, decreased the system downtime and increased productivity of the manufacturing process.

Application of PLC and SCADA application provides great opportunities of engineering development of production systems, further work should be focus on the application of the more complex law control and management processes over long distances via the Internet.
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