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1 Executive Summary

This document describes the work completed during the development of the MEDEIA Project Task

3.1. Task 3.1 started at month 4 and finished at month 12 of the project. It is a subsection of the

MEDEIA WP3 A Devel opmemMet bedi camd System Ais ménagecelyt ur e o
POLIMI, coordinating industrial partners MCM, Schunk, O3neida and EDF that had to provide an

overview on their domains (machining and manufacturing, robotics systems and energy production).

The goal of Task 3.1 is to give an overview of the Domain Specific Views. Information collected
here will be used in the next tasks to integrate the specification of the Automation Component with
the Automation Component Model, which will be developed in Task 3.3, and in WP4 to specify, in
detail, the overall architecture of MEDEIA.

After a short introduction on the goal of the Task and the description of the current state of the
Automation Component Model, a description of the MEDEIA application domains is provided along
with a schematic representation of the main DSVs as used by or desired by MEDEIA industrial
partners. Then an analysis of the basic similarities is performed in order to understand better pos-
sible common models and implications for the ACM itself.
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2 Introduction
2.1 Aim of Task 3.1

The main objectives of WP3 can be summarized as follows: basic specification of the formal de-
sign framework and development of the proposed design flow as well as specification of the AC
meta-model and its main elements. An important starting point in the definition of the AC model
is the analysis of domain specific views with which the user can design and validate a control
application made with the AC. This analysis is provided by Task 3.1. The goal for Task 3.1 is to
give an overview of concepts and methodologies for the design in the field of Industrial Automa-
tion and Control Systems (IACS). As automation systems are used in a huge number of different
domains, an extract of the most important techniques will be described as possible models for
domain specific views. The overview will focus on the domains of energy production, manufactur-
ing plants and robotic systems, which are fields where MEDEIA industrial partners are active.
This task is led by POLIMI and is supported by the industrial end-users (MCM, SCHU, EDF).

After a short introduction of the provisional model for the AC and of the correlations between Do-
main Specific View (DSV), Domain Specific Model (DSM) and Automation Component (AC), an
overview will be given related to each application domain provided by industrial end-users. The
goal of this overview is to provide as much information as possible on DSVs and their possible use,
through a number of selected examples. These examples will be used to complete the analysis
and identification of similarities, thus determining some possible choices for the DSMs.

Furthermore, with the next tasks of WP3, the system and hardware device model as well as the
diagnostics model will be specified. Special attention will be paid to specifying an integrated design
of control and diagnostics.

2.2 Overview of DSV, DSM, AC

The main idea of the MEDEIA approach is to put a common element, the Automation Component
Model (ACM), between the specification and implementation elements of a plant automation sys-
tem as a means of bridging the gap between the different users and their special ways of specify-
ing and implementing any given solution.
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Figure 1: MEDEIA model and model-transformation architecture summary
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For the design of a plant the AC provides the basis for interaction among different specification
methods, which are called Domain Specific Views (DSVs). The ACM provides the equivalent of a
translator enabling the information specified in any given DSV to be viewed (and also edited) in
any other DSV, by means of the AC. Even in the case where the DSVs specify different aspects of
the plant, the ACM will incorporate all the information as a common element.

From the end users point of view there are only the different DSVs determined by the particular
specification within any given domain (left side of Figure 1). Any relevant information specified
within a DSV will be transformed into the ACM and can be adapted on this basis by different DSVs.

After providing all the necessary information, the DSVs are transformed into possible implementa-
tions for the specific platforms included in the system. These translations generate the PSIMs
(Platform Specific Implementation Model) that will be used to generate the executable implementa-
tions (typically to generate executable code) PSls (Platform Specific Implementations). The repre-
sentation of the PSIM is given by the corresponding Platform Specific View (PSV), which again
may represent some existing tool interface that can also be linked to the corresponding component
of the ACM. The PSV is a developer& perspective that varies insofar as there are often several
different means available to achieve a given functionality (right side of Figure 1).

This document aims at presenting possible DSVs used by the industrial partners and at describing
some possible commonality among them. Translation, model definition and PSI implementation of
ACMs will be the aim of next tasks and they will be described in the next deliverables.

2.3 Template for ADSV descriptionod

To facilitate the creation and description of DSVs a template has been created. This template con-
tains some possible fields that usually should be present in a general DSV description and is dis-
played in the table below. It can be divided into three sections, the first of which reports the identi-
fication of the DSV, who edits the DSV and the addressee of this information. The second part de-
scribes the real content of the DSV reporting the main information. This description can be realized
using simple spoken language or using some formalism such as a Sequential Chart, Mechanical
Scheme, Gantt Chart, etc.

The third and last section is used to maintain the history of the DSV during its lifetime. The main
information stored in this part is the version history.
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Domain Specific View

DSV.XX.XX DSV NAME or DSV IDENTIFICATION CODE

Domain(s)

Insert here the domain of this DSV (Robotic sytems, Manufacturing, Power plants, etc.)

Motivation

Main goal of this DSV (how/what it describes)

Primary Actor (who edits the view)

This is the entity that edits this DSV

Secondary Actor (who uses the information edited in this view to do something else)

This is the entity that uses the information collected in this DSV

Description

Insert here the main description of the DSV, also using some formalism such as Sequential Chart, Gantt Chart, etc.

Addressed Industrial Requirements

Insert here the requirements satisfied using this DSV

Relation with other DSVs

Insert here possible relation between other DSV. For example, it may be that some DSV provides information used in
this DSV or vice versa.

Date Author

Creation Date Author of this DSV
History

Version Date Version Description

Most of the DSVs presented in the next chapters follow this template. However this must be con-
sidered as only one possible suggestion, as anyone can decide to use a particular template de-
pending on their objective within that part of the MEDEIA project.
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3 Domain Specific Views for Manufacturing Systems
3.1 Introduction

In this chapter, two examples of the manufacturing domain will be described using DSVs. The aim
of this section is to give an overview of possible DSVs for this particular domain.

The DSV examples presented are related to two components of a typical MCM manufacturing sys-
tem: Tool Store and Pallet Changer. Each of these, according to the MEDEIA ontology, can be
identified alsoasani Aut oma€Co mponent 0 because they have
mechanical components but also in terms of automation and their role in the machine environment.

3.2 Tool Store DSVs

The Tool Store is one of the Machine Tool components and, even though strictly it also interacts
with the others, it has well defined abilities.

Figure 2: Tool store

This is simply a rack not far from the spindle of the machine. It is composed of forks where tools
that are required by the machining operations are laid for parking.

Parking is not its only role because of the presence of a 3-axis shuttle with a fork or gripper, that is
calledthe A To o | H b regly t@a command request for a specific tool, this shuttle fetches the
tool clutching it with its gripper from whatever place it sits in the rack and moves it where it is re-
quested, for example the spindle of the machine. After its use, the tool is carried back to its original
storage location.

We can have different tool stores, vertical or horizontal, small or big depending on the number of
storage places available and thus the number of tools which can be parked.

Deliverable: D3.1 Revision / Status: released 10 of 89
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The higher the number of tools that can be stored, the higher is the number of abilities in term of
machining operations that the machine can accomplish. But with a larger tool store the transport
time will be higher.

So the choice of a tool store size can depend on the type and number of operations with which the
machine will be involved.

Components interacting with the Tool Store
In the machine tool context the Tool Store interacts with other components directly or indirectly (in-
teractions are shown in the next figure).

Tool Store I/O Tool Store Rotating Table
(A, B axis) _
Y axis
Identification
Tool System Tool Changer
RFID
Y
X axis
B
Spindle Z axis
(C axis)
X
A
C
Z

Figure 3: Machine Tool

The main interactions with other ACs are with:

Tool Store Input Output
This is the station where the human operator loads/unloads tools; therefore this is the gate
between tool store and the outside of the manufacturing area.
This component is composed of:
- adoor that is opened on operator request when a tool load/unload operation has to
start;
- atwo positions (forward , backward) tool place. It is moved to the rear position when
a load/unload operation is in progress;
- an identification tool system to read or write tool data.
When a tool parked in the store is not required for the next machining operation, it is moved
from the store to the I/O station by the transport systems, where a human operator picks it
up. Vice versa, when a new tool must be introduced to the plant it is dropped off there by
the human operator and moved to a suitable place within the tool store .

Tool Identification System

There is an identification system located into the Tool Store Input Output. Data from any
given tool going in the manufacturing area is read from an attached magnetic tag and it is
written onto a database managed by the Tool Store. Vice-versa recent data for tools going
out are also written on the magnetic tag. These data operations request a perfect line of
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sight between the magnetic tag and reading/writing head of the identification system.

Tool Changer

The Tool Changer is between the Tool Store and the Spindle of the machine. It is a buffer
consisting of one or more places where the tool is moved from the Tool Store when re-
guested by the machine for the next immediate machining tool step (a tool step is defined
as making one specific feature with a specific tool and all tool steps taken together com-
pose the whole operation on a part).

With the aim to mask the transport time, the Tool Changer asks for a new tool within the
Tool Store when the previous tool selected is already in use on the spindle.

The newly-requested Tool is moved by the transport system, not directly to the spindle, but
to a manipulator where it is parked. At the end of the current operation, the tool just used
and the tool required for the next tool step are swapped. A spindle buffer is very useful to
mask transport time, when the tool operation is very small and comparable with the trans-
port itself.

Role diagram
The diagram of Figure 4 shows the following Tool Store control roles:

Scheduler & Sequencer

- controls all the sequences of the activities;

- chooses the tool mission, and divides the schedule into sequences of activities that are
not only related to movement but also consist of an end travels check, status of the
area and so on.

Tool data base manager

- It maintains updated tool data like:

A status and life (how many times it can be used again) meaning if the tool

can be used again for an additional tool step;

position in the Tool Store rack;

type, meaning its suitability for an operation;

dimension determining where in the store any given tool can be parked and

when, so as to avoid any collision;

A correctors related to the dimension useful during the work operation.
Tool data can be automatically added to the data base, after reading the magnetic tag
at the Tool Store 1/O station (tool going in) and can be erased after their writing (tool go-
ing out);

- it finds a rack place for a tool, suitable to the tool dimensions and accounting also for
the status of the rack place selected. The place status can be empty, completely occu-
pied or only partly occupied by tools present at contiguous places;

- it gives the rack position where a tool of the requested type is parked.

>

> I I

Check of tool length

Tool Handler manager
- It controls the Tool Handler axis movement;
- It controls tool fetch at the source place and bringing it to the destination place.

Depending on platform implementations, different device controller scenarios are possible to exert
Tool Store control roles:

a numerical control (CNC) for all the Machine Tool activities (Siemens configuration);

a CNC for just the Tool Store activities (Fanuc configuration)

Such a CNC is a single board based with limited features and a bus connected to a master
CNC for the other activities of the Machine Tool
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o the role of the Tool data base manager need not be restricted only to the CNC but may also
be, in part, implemented at the supervisor level if present (Tool Manager). In fact the super-
visor also has control activities besides the management ones, and can be thought as an
extension of the numerical control.

Tool Changer

Deliverable: D3.1

Tool Data
Base Manager
W
Scheduler & > v
Sequencer
a "4
U
W
Tool Handler
Manager Tool Handler +——U
\Y

Tool Length
Check

1/0 Tool Store

Identification
Tool System
RFID

Figure 4: Control Role diagram
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3.2.1 DSV.M.01 Configuration of Tool Store Controller (scheduler)

The following is a sample of the material usually used to design and configure Tool Store automa-
tion. It is the 2-D map of the tool rack (Figure 5) and it is obtained from the 3-D mechanical drawing
used to make it.

Each place, where a tool will be dropped off or picked up by the transport system (Tool Handler), is
identified and ordered by a number and it is localized by two coordinates. Actually a third coordi-
nate should be necessary, specifying how far from the rack the tool handler must stop before
grasping the tool. This distance can be fixed or it can vary depending on abnormal tool dimensions.
Places are also grouped according to: which max 3-D tools they are suited to; for each group the
number of places. For all tool shapes, the 3-D tool defines a parallelogram such as to wrap it up.

Domain Specific View

DSV.M.01: Configuration of Tool Store Controller (scheduler

Domain(s)

Manufacturing systems

Motivation

Tool rack map (Figure 5) provides information to a software developer to configure Tool Store Controller (scheduler). The
configuration consists of creating a software map of all the store places with attributes like dimensions and the tool group
that can be hosted.

The map will be always updated with the real tool rack situation. A place will be empty, taken by a tool, or just partly
blocked by a tool present at the contiguous place.

The map will be consulted by the Tool Store Controller (scheduler) to look for an empty place suitable for a new tool as
requested from I/O Tool Store.

For the dimension groups of tools, that can be accepted by the Tool Store, let the control choose the right available place
for a tool and know its occupation.

Primary Actor (who edits the view)

Mechanical division

Secondary Actor (who uses the information edited in this view to do something else)

Control division (Software)

Description

From the Tool Rack Map, the data of this DSV are:
e Layout, number of places
e For each place: dimension, identification, group of tools that can be accepted
e  For each group of tools 3-D dimension of parallelogram wrapping the tool

Addressed Industrial Requirements

R9-1.1 To help the mechanical engineer to translate his idea into the automation language

Relation with other DSVs

Date Author

25.07.2008 C. Paladini

History

25.07.2008 Initial description added
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3.2.2 DSV.M.02 Configuration of Tool Store Controller (tool handler manager)

Domain Specific View

DSV.M.02: Configuration of Tool Store Controller (tool handler manager)

Domain(s)

Manufacturing systems

Motivation

Tool Rack Map (Figure 5) provides information to a Software developer to configure Tool Store Controller (Tool Handler
Manager). The configuration consists in assigning to each place 3D i Coordinate. Tool Handler will move V W U axis to
reach the requested position of the place.

Another important information is to avoid any collision while picking up the tool from a proper place:
e How much the tool must be raised up (Y direction) from the place before extracting it
e How much the tool must broken off the rack (Z direction) before moving it to another place

Same information is to avoid any collision while dropping off the tool to a proper place

Primary Actor (who edits the view)

Mechanical division

Secondary Actor (who uses the information edited in this view to do something else)

Control division (Software)

Description

From the Tool Rack Map, the data of this DSV are for each place:
e  3-D coordinates of the position
e Vand W out of collision way

Addressed Industrial Requirements

Relation with other DSVs

Date Author

25.07.2008 C. Paladini

History

25.07.2008 Initial description added
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Figure 5: Tool rack map
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