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Abstract

Frequently discussed topic related to the modern trend of Industry 4.0 is the issue of virtual commissioning. This paper
focuses on the development of a virtual model (the so-called digital twin) of a real heavy machine tool. In the field of
heavy machine tools, this topic is completely new. The paper contains a general description of this issue and the short
review of the works dealing with this topic. The development of the virtual model is realized in the Siemens NX
environment using the Sinumerik 840D control system. The digital twin is used to test machine parameters. This work is
an introductory step for the implementation of the virtual commissioning methodology in the development of heavy
machine tools.
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1. Introduction

Industry 4.0 is currently one of the most discussed topics in many companies and research centers and universities.
Many authors also deal with this topic in their papers [1], [2], [3]. One of the most important parts of Industry 4.0 is
virtualization. At University of West Bohemia, we have been dealing with numerical simulations for many years. Our
focus is on optimizing the design of heavy machine tools [4]. Our goal is to improve our optimization practices using
state-of-the-art trends.

This paper focuses on the development of a virtual mechatronic model of a heavy machine tool (often called digital
twin). This project is in cooperation with the manufacturer of heavy machine tools (Skoda Machine Tool). Horizontal
boring machines and lathes of the Skoda Machine Tool are one of the largest machines in the world. The operating time
of these machines is very expensive and so there is a great effort to increase reliability. The great effort is also to reduce
the time required to put the machine into operation. The implementation of the virtual commissioning in the development
process has great potential in this sector.

In the field of heavy machine tools, this topic is completely new. Direct implementation of virtual commissioning in
the process of developing a new machine presents the risk of extending delivery dates. For this reason, the digital twin
development process has been chosen for an already produced machine. The virtual model is operated in the Siemens NX
system and controlled by the Sinumerik 840D control system.

- 0645 -



29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

2. Literature overview

Many authors deal with the issue of mechatronic models [8], [10], [11]. If we focus only on the area of machining,
this topic is no longer so common. But it is clear that digital twin is very important for the future of manufacturing [5].
An interesting application is the simulation and virtual commissioning architecture of intelligent machine tool (Gantry
System) [6].

t z-axis
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Totally Integrated Automation

Fig. 1. The simulation and virtual commissioning architecture of intelligent machine tool (Gantry System) [6]

Next paper therefore demonstrates how the application of the virtual engineering tools support the development of a
Cyber Physical Systems using an e-machine assembly station as a case study [7]. An article focusing on the twin issue
for a CNC machine was published by Shandong University in China this year [9]. It is clear from the literature overview
that no publication dealing with the digital twin issue of a heavy machine tool was found. This topic is quite new.

3. Mechatronic model (Digital Twin)

The main goal is to create a digital twin of a real machine. This issue is solved in the project on which we cooperate
with the Skoda Machine Tool. The mechatronic concept of the horizontal boring machine was created. The main idea of
the solution is the same control unit for both real machine

<::> Digital Model
(Digital Twin)

Real Control Unit

{———=> | Real Machine

Fig. 2. Main idea of Digital Twin

This mechatronic model consists of three main parts: Virtual machine model, PLC simulation and control system. The
parts are described below.

3.1. Virtual machine model

The virtual model is created in the Siemens NX 12 (Fig. 3). The Siemens NX system includes a dedicated module for
developing virtual models called Mechatronic Concept Designer (MCD). Machine geometry is represented by 3D models
with defined interconnections. Simplification of geometry is necessary for the smooth running of the simulation. If
necessary, it is possible to simulate the detailed parts separately. Each virtual model must contain the mechanical,
electrical and automation elements.
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Mechanical definition

¢ Rigid bodies which represent individual parts of the machine. Each rigid body has information about weight, centre
of gravity, and moments of inertia. It is also possible to define collision bodies with specific collision material
definition.

¢ Joints that connect rigid bodies. Commonly used joints include sliding joint, hinge joint or cylindrical joint. For each
joint, it is possible to define upper and lower limits.

Electrical definition

e Position or speed control that define speed limits, maximal acceleration and maximal deceleration, limit jerk and
limit force. Controllers could be driven by signals.

e Signals are divided into inputs and outputs. In this case, input signals are used to control position controllers.

e Sensors can be used to detect position, speed, acceleration etc. The sensor output is a signal.

Automation definition
e Operations represent the realization of the chosen action based on fulfilment of the conditions. For example, stopping

the feed when reaching the end position.
¢ Signal mapping connects signals from Siemens NX with signals shared through Simit.

Fig. 3. Virtual machine tool in Siemens NX

3.2. PLC Simulation

Simit 9 software in combination with Simba-box is used for PLC simulation. In this program the signals from
PROFINET and Siemens NX are connected. Fig. 4 shows an example of a function block for checking the current
accessory. The signal from the sensor is returned to the control unit.

nI'I‘E1 W | SHM PICKUP

50 | PROFINET I

Fig. 4. Function block for checking current accessories.

The main function block for linking control signals for each axis is shown in the Fig. 5. This simit block is called
ADAS and with this block, information about the position of individual axes is transmitted based on time. For the
horizontal boring machine, the following axes must be transferred:

e SHM XM: Longitudinal movement of the column.
e SHM YM: Vertical headstock movement
e SHM ZM: Ram extension.
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SHM W: Spindle extension.

SHM C: Spindle rotation.

SHM V: Rotary table movement.
SHM B: Rotation of table plate.

SHM C1: Rotation of milling head (optional).
SHM A1l: Rotation of milling head (optional).

3.3. Control system
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Fig. 5. ADAS function block

The Sinumerik 840D control system is used to control the virtual machine. A stand containing the same hardware and
software as the real machine was built for simulation purposes. The test stand includes a touch screen and hardware
buttons for manual control of the machine (Fig. 6).

w Check, if spindle is empty | E II.EINP
— S
) (7
_a wwJinterrupted M M8/M1 active = =
Machine Position [mm] Dist-to-go TFS i @
o XM 8598.222 0.000 T ruL2ee R 0.000
YM 1901.778 0.000 L 0.006
| 2M -178.578 0.000 G
) u -69.000 ooea F 0.000 —
v 200.000 0.000 . Auxiliary
N © 0.0000° 00099 . 0.600 mm/min 120% R
IE [H 0.6000° 0.0000 ~ 00 | Basic
_— 5 feAT 9.0000 Master 0.0 50% blocks
0 50 100,
A Times
| |LoOPY
PICKUP(25) Program
3 |esaey levels
| |68 X9988 Y=1500 2=-500
68 C1=45 A1=45]
58 C1=-98 A1=-45 X8580 Y=2008 2=-108Y T
| |PICKUP(31)Y Machine
EHDLOOPY
381 E

Fig. 6. Test stand with Sinumerik 840D control panel touch screen

The system contains a complete archive of the real machine. There are real operator messages, custom menus, and
machine configurations. This is the same system that the real machine controls.
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4. Results
4.1. Stop position analysis

Within the mechatronic concept, the movement of the machine cabin was solved. The cabin displacement is solved
by a hydraulic cylinder and controlled only by the speed. Using the mechatronic concept, the position of the cabin can
be analysed when it is stopped. It is possible to optimize the end positions. On the real machine, the cabin is controlled
by the hardware buttons that are not on the test stand panel. For this reason, it was necessary to create custom software
buttons in the Simit environment (Fig. 7).

@) snoon
SKODA MACHINE TOOL

Fig. 7. Software buttons for cabin movement created in Simit.

Based on the tests, it can be said that the cabin crossings correspond to reality. However, a slight delay in response to
the press of the soft keys was observed. A detailed comparison with the real machine has not been performed and will be
part of further research.

4.2. Optimization of drives

The optimization of drives was also tested. For proper functionality, it is necessary to set the drive parameters on the
virtual model side as well as on the control system side. Fig. 8 shows a parameter setting for the X axis in Siemens NX.
Parameters of maximum speed, maximum acceleration and maximum jerk have been set for all axis. The set values are
shown in the Table 1.

Axis Speed Max Acceleration Max Deceleration Max Jerk
[mi/s] [m/s?] [m/s?] [m/s®]
X 0.1667 0.25 0.25 0.2
Y 0.1667 0.25 0.25 0.2
Z 0.1667 0.25 0.25 0.2
w 0.1667 0.25 0.25 0.2

Table 1. Linear axis parameters
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Fig. 8. Setting of drive parameters in Siemens NX
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The same parameter values were also set in the Sinumerik 840D environment as shown in Fig. 9. A setting with the
jerk turned on and off was tested. If the jerk is off in Sinumerik, it is also necessary to turn off this parameter in NX. The
goal was to compare the feed rate behaviour.
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Fig. 9. Settings of axis parameters in Sinumerik

The setup test was performed on the X axis. When the jerk is off, there is little vibration when starting the machine.
The vibration is visible in the graph of displacement and speed as a function of time (Fig. 10). This behaviour was not
observed in a real machine. This phenomenon will need to be removed in the future.
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Fig. 10. Graph of displacement and speed as a function of time — Jerk OFF

If the jerk is on, there are no vibrations. There is a smooth start in the graph of displacement and speed as a function
of time. This behaviour corresponds to the behaviour of the real machine (Fig. 11). The exact comparison of the movement
characteristics of the virtual and real machines is subject to further investigation.
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Fig. 11. Graph of displacement and speed as a function of time — Jerk ON
4.3. Introduction of a digital twin at the fair
The test stand representing the digital twin was exhibited at the AMB Stuttgart Messe (Fig. 12.). Thanks to this

solution, one of the largest machines in the world could be introduced to visitors. Digital twin is the ideal tool for
presenting new machines at minimal cost.

Fig. 12. Presentation of Virtual commissioning at the AMB Stuttgart Messe

5. Conclusion

The first step in implementing virtual commissioning has been done. The digital twin of the real heavy machine tool
has been developed with the use of Siemens NX, Simit and Sinumerik 840D. The possibility of virtual commissioning
the heavy machine tool was tested. There is considerable potential to save time in the commissioning and testing of the
machine. The results of this work were also presented at the AMB Stuttgart Messe, where it was unique in the field of
heavy machine tools.

The next step will be to deploy this concept in the development of the new machine. In the future, measurements will
be made on a real machine and the results will be compared with the virtual model. Based on measurements, it is necessary
to further refine the virtual model.
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