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Abgtract: The paper deals with PLM systems, which are udimgmanagement of products during their lifetirker
that it is necessary to have some special tooltfdEspecially if we want to handle pre-productiphase. The main
philosophy is to get fully functional virtual systebefore it will be created in real production. kirtual system needs
to be modeled according to requirements of produnct its process of production. This concept isedaNirtual
commissioning. Environment, which contains machinesots, equipment, workers and products, needbeto
simulated with all possible scenarios before it b implemented to real production. The resolutibthis idea is not
only cost saving, but also shorter time of prodarcplanning.

1 Introduction debug there is a possibility to export PLC (prograable
Digital factory is supported by special softwardogic controller) program for real production syste
solutions. One of the tools, which are useful foe-p
production phase, is Process Simulate with its pgek s
named Virtual Commissioning. Process Simulatepara W
of package named Tecnomatix, which is produced tﬂ‘
Siemens company. Using this software package d@fsn »‘
problem to create a realistic simulation, wherecewe test %
all production processes, their time, posssibléistohs,
human ergonomy and many others. Higher level fitwis t
usage is to connect this software with real pradact-or
that we use module Virtual Commissioning.

2 Process Smulate Virtual Commissioning

Process Simulate with its realistic 3D simulatidn o
production processes have a one big advantage. IMod
Virtual Commissioning is used for connection betwee
real production process and software Tecnomatixd3
Simulate. It can easily create a realistic shadéwhe Figure 1 Virtual Commissioning environment
production environment, test and debug PLC codes [1

First of all, Process Simulate Virtual Commissia@nin Figure 2 represents traditional concept of produncti
looks like a classic simulation. It works with tisame planning. It starts with creating engineering and
3D.jt (.cojt) models, but those objects have theesa automation part of production line. So now we néed
parameters as the real machines, robots and humthe i prepare all necessary objects which will be setnuthe
production process. It means the same size, sheqies, realization phase of the project [4], [5]. The whayout
and of course behavior. with product will be tested and after time consugnin

On the Figure 1 there is a basic schema of Virtuglebug it will be pushed to start the productione Bame
Commissioning  environment.  Engineer, especiallyorkflow is here for the changes too. If there ishange

software expert, creates production layout, whidhlve  needed(e.g. new machine, new product, issue dsiocoll
tested in the software simulation [2], [3]. Aftest and
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on the production line), then we need to go stetbp
all over the procedure. Make a real model, tesestolved
issues and bottlenecks and finally start the pribduc
again [6], [7].

START OF PRODUCTION

Figure 2 Traditional concept

Figure 3 represents innovative concept of Virtual
Commissioning. Difference from the traditional cept
is in the beginning of planning phase of projecfteA
engineering and automatization part of line theveai
Virtual Commissioning phase which includes virtual
testing of production system. Virtual Commissioning
consist of PLC programming, hardware configuration,
material flow, logistics, collisions, machine’'s eajty,
security. All that stuff is necessary for every guotion
process, but if it is in the virtual environmerttete is a
chance to time and cost saving [8], [9].

START OF PRODUCTION

Gt
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TIME SAVING

Figure 3 Innovative concept

3 Workflow of Virtual Commissioning
Process Simulate Virtual Commissioning (Figure has
the following phases during the project creation:

1. Creation 3D models of all workplace’s objects
(models are in the .jt or .cojt format, designed in
the NX software or downloaded from the
producer of machine — ABB, KUKA, etc.).

2. New project in the software Process Simulate.

10.

11.

12.

13.

14.

15.
16.

17.

Library creation (Navigation tree), which
consists of parts (product parts) and resources
(machines,robots, human, etc.). Parts assignment
to library.

Layout creation using imported 3D models.
Operation Tree — modeling of process structure
(type of process, relationships between
processes).

Welding operations — welding points assignment.

Robot controller:

a. default robot controller — included in
the Process Simulate — robot
movements corresponds to 80 % with
real robot movements

b. customized controller settings — robot
movements corresponds to 95 % with
real robot movements - consist of RCS
(Robot Controller Simulation) and OLP
(Off Line Programming package). OLP
package needs to be installed and RCS
module needs to be downloaded for a
specific robot

Robot program — program inventory — creating a
new robot program or download default robot
program where we can make a change according
to process requirements.

Simulation can be:

a. time based simulation — predefined
sequence of operations dictates the
simulation of the process

b. event based simulation — line simulation
mode — simulation based on events and
signals

For Virtual Commissioning we need to use event
based simulation.

Virtual Commissioning — need to create OPC
connection — connection between PLC
and Process Simulate.

Virtual Commissioning consist of PLC and logic
blocks.

Virtual Commissioning works with 4 types of
signal, and the most important (for Virtual
Commissioning) are Resource Input Signal
and Resource Output Signal, which give us
signals about start or finish the operation. All
signals can be showen and edited in the Signal
Viewer window.

Each operation must have own default input
signal, where we can generate output signal.
Sensors definition.

Logic blocks — represents relationships between
input and outpu signals (e.g. if the signal change
from 1 to O, then 1st event will be executed.
Creating a connection between Process Simulate
Virtual Commissioning and PLC through OPC
server or SimbaBox.
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Figure 5 Event based simulation

Figure 4 Process Simulate Virtual C'o’mmi—s;io"ning

_ _ Conclusion

4  Event based smulation Nowadays all automated systems in the manufactoring

The Event-Based Simulation module enables you irocesses are handled by PLC programs. Software
use Process Simulate to carry out the two stagéesin Tecnomatix Process Simulate with its module Virtual
on a single platform, reducing the time of on-sit&€ommissioning we can create, test and debug PL&scod
integration and the cost of changes. The Eventdasgyr that machines before it is implemented to real
Simulation module provides a simulation environmengroduction environment. Those simulations include a
that supports the design and verification of sdptdted movements, signals, material flow and safety patarse
production stations. The module can simulate priddic which have the same behavior as the real production
stations where a variety of robots, manufacturingystem. By virtual testing we can detect and eliten
resources, and control devices must function i fupossible errors or bottlenecks, which can causé hig
synchronization. ~ Process  Simulate's  Event-Basegghancial issues in the future. By those simulasiore can
Simulation module offers an approach that is mudem confirm that robots and other automated machinds wi
accurate than conventional time-based (sequencgprk as expected, which bring up reducing of system
simulations, creating programs off line and an évenstartup time, or system change time.
based and flow control simulation that enables y@u
simulate multiple robots and the surrounding device

the production station [1], [10]. Acknowledgement
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the events that occur during the simulation deteenthe grant project KEGA 4/2013ntensification of modeling
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Because the events that occur during a simulatam c
vary, each simulation of the same process can iogiein
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