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Abstract

This thesis aims to produce two generalized motion applications for the in-
tegration of XTS systems into automatic machines. Given the lack of some
software tools from the manufacturer, in the industrial setting of IMA Au-
tomation, the need for specific functionalities has arisen. In particular, differ-
ent solutions to the rephasing problem are presented (restoring movers after
being set in a torque-off state) and a generalized structure for the worksta-
tions on the track is proposed.

In this work, the applications are implemented in Function Blocks coded
in ST according to IEC 61131-3. The proposed solutions are tested using the
XTS Simulator included in the Beckhoff IDE TwinCAT 3. The rephasing tool
is tested using virtual commissioning 3D models and is successful in every
configuration analysed, while the generalized workstation is proven effective
by rapidly building a simulation for an automatic machine layout in its very
early development stages.

Keywords: motion application, linear transport system, XTS, automatic
machine, rephasing, workstation
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Introduction

In recent years, automatic machines have seen the rise of new solutions re-
garding conveyance technologies: in many applications, the rigidity of con-
veyor belts and purely mechanical transfers has been replaced with the flex-
ibility of linear transport systems based on individually actuated movers.
In this kind of solutions, a modular closed (or open) track actuates a set
of passive sliders along its path: they are completely independent one from
the other. Unlike traditional permanent magnet linear synchronous motors
(PMLSM), which consist of a passive linear guide and an active slider, these
electric drives use passive permanent magnet movers and a segmented track
composed of active modules to generate the required electromagnetic fields:
this configuration frees the moving parts from any wired connection allowing
periodic motion along the path and flexibility in the operation. The replace-
ment of traditional conveyance systems brings many advantages and enables
innovative design in the whole machine, such as software-based format change
and dynamic grouping of product units. To this day, many commercial so-
lutions exist that implement such technology in industrial settings.

This thesis has been carried out at IMA Automation, a segment of the
IMA S.p.A. group, a world leader in the design and manufacturing of auto-
matic machines, and the focus has been on XTS: a solution from Beckhoff,
which also provided courses on their automation software TwinCAT 3 and
relative XTS extension. The goal of the project has been to develop mo-
tion applications for XTS systems integrated into automatic machines while
maintaining the most generalized approach possible.

A simulator for the XTS system is available on TwinCAT 3 XAE, the
integrated development environment. It can be set up with an arbitrary con-

IMALAAUTOMATION

Flawless Assembly

Figure 1: IMA Automation logo.
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Figure 2: Beckhoff XTS. Picture reprinted from [2].

figuration of motor modules and movers: it has been used throughout the
internship to test the developed code. A summary of the development setup
will be presented In the first chapter, the OMAC PackML software design
framework will be shown in the second one, while my suggested implemen-
tations for two generalized motion applications will be displayed in the third
and fourth chapters. In the fifth and final chapter, brief conclusions will be
drawn, alongside a discussion on possible future developments.

12



Chapter 1

Development setup

To understand the source code of an automatic machine, adequate training
has been necessary on the development tools for the specific platform at hand:
in particular, during the internship, the Beckhoff Automation systems have
been studied. In the next few paragraphs, a brief overview of the IDE and
the programming standards used by the manufacturer is presented, alongside
the hardware used for testing.

1.1 TwinCAT 3

TwinCAT is a PC-based control system for industrial automation: it includes
eXtended Automation Engineering (XAE), the development environment,
and eXtended Automation Runtime (XAR), the Real-Time extension for
Windows. XAE is integrated into the Visual Studio IDE and includes editors
and compilers for the IEC 61131-3 standard languages. XAR, on the other
hand, is a Real-Time extension for Windows OS which allows for preemptive
scheduling, priority control and deterministic execution of tasks, as seen in
[1]. The version of TwinCAT 3 used for this project has been 4024.40.

1.2 IEC 61131-3

The TEC 61131-3 is an open standard for Programmable Logic Controllers
(PLCs) and defines, among other things, 5 different programming languages,
both graphical and textual, as shown in [8]. In this project, the whole source
code has been developed in Structured Text (ST).
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1.3 XTS simulation

1.3.1 System Overview

As discussed in the introduction, the XTS system is a linear actuator com-
posed of a segmented active stator (composable track) and several individ-
ually actuated passive movers along the same path. As seen in [2], from
the programmer’s point of view every mover is controlled as a “standard”
independent servo axis thanks to the specific XTS TwinCAT extension. For
every axis, the SoftDrive object, which represents its 1/O (contains velocity
and position control loops), is connected to the NC axis (controlled by PLC
as usual). The connection to the movers’ hardware, for each one of them,
is managed by the XTS Processing Unit (XPU), responsible for real-time
communication. The XTS Driver is, for every control cycle and every mover,
in charge of:

e collection of all position sensor signals,
e calculating the absolute position,

e calculating the velocity,

e position control,

e velocity control,

e phase transformation,

* setting phase current values to motor modules (while handling bound-
aries smoothly).

For performance reasons the whole control cycle needs to be completed in
250us, therefore the XTS task on the PLC needs to run with a cycle time
of 250us. This is, for real systems with a lot of movers, quite a challenging
deadline to meet: especially the calculation of phase currents of all involved
motor modules and the compensation of boundary effects (for mover transi-
tions from one motor to the next). Since on TwinCAT 3, there is support
for multi-core CPUs, in [2] is recommended to run the XTS task alone on an
isolated core (unavailable to Windows OS or any other PLC task).

1.3.2 Simulation

Given the system architecture description, it’s clear that the simulator is
implemented in the XPU of the XTS Drive: instead of communicating with
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Figure 1.1: TwinCAT XTS simulator tool screenshot. This simple loop is 2
meters long with two 500mm straight segments and two 500m 180° curves.
On the outside of the track is indicated the reference system: the top left
mover is in position 0 (straight-curve junction) and the positive direction is
clockwise. In this example, 4 movers are simulated.

some Hardware, the XPU simulates the feedback and doesn’t need to write
current phase outputs. This mode is much less computationally demanding
than controlling a real XTS system so it has been possible to run it on a
basic compact IPC. In figure 1.1 is shown an example with 4 movers built in
the simulator tool.

1.4 Hardware

A compact Industrial PC (IPC) from Beckhoff has been used to test the
developed applications and simulate the XTS system: it can be seen in fig-
ure 1.2. The PC is equipped with a quad-core Intel CPU @3.4GHz, 8GB of
memory and Windows 10 64bit. This machine is not a very powerful config-
uration and wouldn’t be recommended to control an XT'S system but, since
in this case only the simulator is being used, its performance is more than
enough.
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