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Abstract. Many CAD programs allows the simulation of machines. Often, before creating the
real machine can simulate the operation and see how it works. In these cases, set values of the
forces acting on an element or displacement of the element. It is very easy for simple machines.
Programming in this way PLC controlled system is very complicated because have to save the
the entire PLC logic in the simulation program. It would be good simply connect the PLC or
PLC simulation program to a CAD program enabling the simulation. There are many
possibilities for sending information between the PLC and CAD. PLC to control most of the
actuators using the digital outputs 0 or 1. Actuators often have two states but the transition
from one to the other takes some time. By setting additional parameters may be the behaviour
of the simulation as in real life. Setting these parameters is usually held in the testing phase
before running it means that the system is assembled and can be damaged. Often this is the
only opportunity to verify the PLC program. It is worth noting that such testing and running
takes place on the production line and needs to be stopped.

1. Introduction

Offline programming of industrial robots is already very popular [1,2]. At the design stage, you can
simulate and test robotic production line consisting of even several robots [6]. This allows you to take
correct and another test. Such programs reduce the cost of construction of the production line, they
allow you to adjust the core material.

For PLCs, there are many programs that simulate their work. They allow you to validate the
operation of the PLC and not the entire system. You can easily do the visualization of any process, but
it also does not show how the system will work.

So why is there any software to simulate operation and programming of complex systems such as
robots or CNC [11, 12] machine and it is difficult to find a simulator of a mechanical system
controlled by the PLC?

The answer to this question is difficult but analysing software simulation of robots should pay
attention to the moving parts of the robot cell. In contrast to the work they perform movement 0, 1
(open, closed) without any intermediate states. Grapples close immediately, and in fact it takes a
while, and it is necessary to set the waiting time for closing.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



ModTech International Conference - Modern Technologies in Industrial Engineering IV IOP Publishing
IOP Conf. Series: Materials Science and Engineering 145 (2016) 052016 doi:10.1088/1757-899X/145/5/052016

The main problem lies in the diversity and modularity of solutions powertrain simple mechanisms.
Most of these systems is widely used for decades so they are used based on the experience of PLC
programmers. The parameters of these systems are selected after the completion of testing [4, 5].

The question is whether such software is needed and as it might look like it?

Now the software engineering especially CAD [5, 7] is becoming increasingly complex
accompanied by the other modules in the simulation module. Another very important element is the
addition of the module control via PLC. To do this it is necessary not only virtual but also PLC system
executive pneumatic electro-pneumatic or electric [8]. The purpose of this system will call the
corresponding displacement (rotation) or forces (moments).

2. The analysis of the signals between the PLC and the Machine
Communication between the PLC and CAD simulation must be carried out in two directions figure 1.
For this reason, it is necessary to modelling the sensors because the analysis of the signals between the
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Figure 1. Flow diagram of signals in the circuit of the PLC.
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PLC and the Machinery give information on the state model. In most cases the conditions are also
binary. It is easy to read the distance between the surfaces in the simulation. It could've been models of
analog sensors [10], but more often binary sensors are used.

Such a tool is very useful and allow you to integrate with each virtual CAD model and PLC system.
This integration simplifies the design and programming of systems based on PLC and simple
cylinders.

3. Components of the system.

The main element of the system is the PLC. For the tests, the controller B & R x20 series of input
modules output was selected. PLC programming is done using Automation Studio figure 2. This is a
program where you can program any PLC or Power Panel B & R. It is good that the same program can
be used on manydeftferent platforms B & R.
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Figure 2. Program Automation Studio, and X20 series PLC.
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Figure 3. The program module Advantech USB - 4750. Advantech USB — 4750.
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Module Advantech USB - 4750 figure 3 can check the outputs of the PLC and the proper settings PLC
inputs. Using wires are connected to PLC inputs to the outputs module and the PLC outputs with the
inputs of the module. The module sends the information to a computer via USB. The module
manufacturer provides libraries for writing their own software. Figure 4 shows a sample program
window that allows transmission of data (check the inputs and outputs of the module setting).
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Figure 4. Exchange of data in Excel.

Another program is Microsoft Excel. It is used to exchange data with CAD. So the program in figure.
4 must be read and written to the Excel file.
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Figure 5. Example in CAD program.

The last element is a CAD program. In this program it is possible to modelling any system. As an
example, figure 5 is shown only a pneumatic cylinder [9].
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4. Testing.

During the testing of the entire system could be ejected from the driver of dignity enshrined in the
PLC program. it was necessary to adjust the speed of movement. set it in the program shown in figure
3. It is possible to also control more complex systems are formed but not a big delay. This system is
sufficient for modeling and simulation of pneumatic systems but may lose very fast signals.

This problem can be solved by replacing module Advantech USB - 4750 by OPC server. At this time
last is build new softwar the.

Figure 6. Virtual pneumatic cylinder controlled by PLC.

Another problem is that the set is a constant rate of extension of the actuator and does not depend on
the forces acting on the system. The solution may be to set the force does not velocity, or a
combination of velocity and strength figure 6.

In this case omitted is the interaction of the air, or rather reduced to a minimum. Each actuator is
connected to an electronic PLC-controlled valve, any flow control is set to velocity.

5. Conclusion
The combination of modeling systems and PLC controlled robot allows for better testing and use of
the means of production [13, 14, 15].

Using the CAD is very convenient because it is easy to apply fixes in the model and test again.
Unfortunately, in the CAD program it is possible only visualization. Conducting a simulation requires
calculations. Solutions are performed for certain input parameters, which are known before the start of
calculation. It is not possible to perform dynamic calculations and change the parameters of the
system.

In most cases it is sufficient especially in the design phase. It is possible to perform tests of the
system. When the system is operated sequentially and actuators take specific locations, it is for
example pneumatic cylinders this method is good. Designed pneumatic systems operate in this way,
so they can be tested by this method. Systems with electric motors also operate in this way so they can
be tested by this method. Pay attention to the selection of actuators because in the course of these tests
is not possible to check the forces acting in the system.

Execution of the dynamic test is possible in the method presented in [3] but the modeling of the
system, implementation of corrections is more complex.

These methods do not allow to verify the effect of damage or corrosion [16, 17] on the tested
system.



ModTech International Conference - Modern Technologies in Industrial Engineering IV IOP Publishing

IOP Conf. Series: Materials Science and Engineering 145 (2016) 052016 doi:10.1088/1757-899X/145/5/052016

References

[1] Bana$ W, S¢kala A, Foit K, Gwiazda A, Hryniewicz P and Kost G 2015 0P Conf. Ser.: Mater.
Sci. Eng. 95 d0i:10.1088/1757-899X/95/1/012099

[2] Banas W, S¢kala A, Foit K, Gwiazda A, Hryniewicz P and Kost G 2015 I0P Conf. Ser.: Mater.
Sci. Eng. 95 doi:10.1088/1757-899X/95/1/012105

[3] Bana$ W, Segkala A, Gwiazda A, Foit K, and Kost G 2015 Arch of Mat Scien & Eng 75 82-88

[4] A. Dymarek, T. Dzitkowski, K. Herbus, G. Kost and P. Ociepka, 2014 Adv. Mat. Res. 837 351-
356

[5] K. Herbus, G. Kost, D. Reclik and J. Swider, 2014 Adv. Mat. Res. 837 582-587.

[6] Gwiazda A, Banas W, S¢kala A, Foit K, Hryniewicz P and Kost G 2015 IOP Conf. Ser.: Mater.
Sci. Eng. 95 doi:10.1088/1757-899X/95/1/012104

[71 Gwiazda A, Banas W, S¢kala A, Foit K, Hryniewicz P and Kost G 2015 IOP Conf. Ser.: Mater.
Sci. Eng. 95 d0i:10.1088/1757-899X/95/1/012103

[8] Monica Z G 2015 IOP Conf. Ser.: Mater. Sci. Eng. 95 doi:10.1088/1757-899X/95/1/012102

[9] Monica Z G 2015 IOP Conf. Ser.: Mater. Sci. Eng. 95 doi:10.1088/1757-899X/95/1/012109

[10] Ptaczek M 2015 Modelling and investigation of a piezo composite actuator application Int. J. of
Mat. & Prod. Techn. 50/3-4 pp 244-258

[11] Paprocka I, Kempa W, Kalinowski K and Grabowik C 2015 I0P Conf. Ser.: Mater. Sci. Eng. 95
doi:10.1088/1757-899X/95/1/ 012155

[12] Paprocka I, Kempa W, Kalinowski K and Grabowik C 2015 IOP Conf. Ser.: Mater. Sci. Eng. 95
doi:10.1088/1757-899X/95/1/ 012110

[13] Seckala A, Cwikta G and Kost G 2015 IOP Conf. Ser.: Mater. Sci. Eng. 95 doi:10.1088/1757-
899X/95/1/ 012097

[14] Scgkala A, Gwiazda A and Dobrzanska-Danikiewicz A 2014 App. Mech. and Mat. 657 854-58

[15] Segkala A, Kost G, Dobrzanska-Danikiewicz A, Banas W and Foit K 2015 2015 IOP Conf. Ser.:
Mater. Sci. Eng. 95 doi:10.1088/1757-899X/95/1/ 012134

[16] Topolska S and Labanowski J 2015 Mat in Tech. 49/4 481-86 doi: 10.17222/mit.2014.133

[17] Grajcar A, Plachcinska A, Topolska S and Kciuk M 2015 Mat in Tech. 49/6 889-894 doi:

10.17222/mit.2014.148



