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1. EXECUTIVE SUMMARY

This document describes the state of the art in the areas of simulation lifecycle management
(SLM) and product lifecycle management (PLM) at MTU Aero Engines. The goal of the
document is to convey the approaches and lessons learned at MTU to VIVACE in order to
coordinate the further development of the VIVACE EDM facility.

The document focuses on SLM and its connection to PLM, as these are also key working
areas of VIVACE. The main part of the document is the presentation of MTU’s SLM system
eProtas, especially with respect to its product, process and organization models. Further-
more, the IT architecture of eProtas is shortly described.

The concluding sections give a short overview over MTU’s PLM solution TeamCenter Engi-
neering/Enterprise and describe the projected strategy for SLM/PLM integration and MTU's
contribution to VIVACE.
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2. INTRODUCTION

This document describes the state of the art in the areas of simulation lifecycle management
(SLM) and product lifecycle management (PLM) at MTU Aero Engines. The targets of this
document are:

It captures the state of the art at MTU in order to make it available as an input for the
further development of the VIVACE EDM facility. For that purpose, the document cov-
ers the following areas:

0 MTU’s strategy and overall approach in the areas of product and simulation
lifecycle management

o0 Engineering Data Management (EDM) and Engineering Workflow solutions in
use and under development at MTU

o IT concepts, base mechanisms and software components underlying these
systems

It provides a foundation for further MTU tasks within VIVACE, namely

0 design and evaluation of integration scenarios and architectures between the
VIVACE EDM support and the PLM/SLM solutions used by MTU

0 contribution of concepts, mechanisms and solutions developed at MTU to
VIVACE

o adoption of VIVACE concepts and standards at MTU, especially in the areas
of interface standards for PLM/SLM integration and EDM model support

After the introductory sections, the contents of the document are organized as follows:

The first part of the document consists of two sections about MTU’s EDM require-
ments and strategy, providing the context for the rest of the document.

The second part contains the main body of information. It describes the two building
blocks of MTU’s EDM strategy, namely the Simulation Lifecycle Management (SLM)
as well as the Product Lifecycle Management (PLM) facilities. The document focuses
on the SLM part and its different models for engineering products, processes and or-
ganization, as this area is also the focal point within VIVACE. Furthermore, the ques-
tions and challenges in integrating both areas at MTU are described in order to be
able to transfer the corresponding concepts and solutions to and from VIVACE.

The third part consists of a short comparison of the approaches followed by MTU and
VIVACE. It also contains first ideas about synergy potentials that could be realized in
the course of the remaining project. A short conclusion ends the document.
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4. MTU EDM REQUIREMENTS

4.1. ENGINEERING CONTEXT

MTU is one of the leading developers and manufacturers of jet engine components. It is en-
gaged in partnerships with large turbine engine companies like Pratt&Whitney, providing
parts like low and high pressure compressors and turbines for engines.

This application domain is characterized by the following points:

Concentration on relatively few critical parts, namely, the turbine blades and disks,
which have to be constructed and simulated with great care, using the most advanced
available processes, methods and tools.

Cooperation of multiple engineering disciplines, among them aerodynamics, structural
mechanics, and thermodynamics, each with its own established body of knowledge,
methods and models.

Cooperation with partners and subcontractors, in order to leverage the possibilities for
outsourcing and to enable the concentration on one’s own core competences. In the
turbine engine industry, cooperation is a necessity due to the fact that no single com-
pany can handle the complexity and risks involved in building a turbine engine on its
own.

Compared to other industry branches like the A/C and automotive branches, the develop-
ment of turbine engines draws its complexity not so much from the large number of different
parts and their relations (addressed by PLM systems), but from the intricacies of designing
an optimal solution for a relatively small number of very sophisticated parts (addressed by
SLM systems).

We think that future engineering processes will generally try to combine PLM and SLM char-
acteristics in order to come up with optimal designs for devices consisting of large humbers
of heterogeneous parts. VIVACE offers a possibility to research this future scenario, as the
identified use cases stress different aspects as well as their integration.

Together, the conditions described above yield a high level of complexity for turbine engine
development projects and processes. At MTU, the resulting setting is as follows:

Two to three development projects per year are conducted, each taking six to twelve
months to finish, in the average.

Overall, 400 to 500 complex sub-processes are involved, like ,create thermal compu-
tation model” or ,construct blade-vane connection®. The processes are almost never
carried out in exactly the same way, but are usually flexibly modified and adapted,
driven by the experience and creativity of the engineers.

200 to 300 engineers from ten different engineering disciplines are involved, each of
them working with 10 to 40 tools within a complex sub-process.

All of the engineering processes rely heavily on information technology. Some characteristics
of MTU’s IT landscape in the engineering domain as of the year 2003 are:

About 50 large commercial software tools like NASTRAN, PATRAN, UniGraphics

About 1.000 inhouse and/or freeware tools, ranging from self-developed FORTRAN
solvers to open-source software components like XML parsers, graphical editors etc.

About 200 bis 2.000 GB of data created in each engineering project

About 300 CPUs used in MTU’s computing clusters for solving simulation tasks

Page 10/50
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Over the years, data and computation resources have been growing exponentially (and con-
tinue to do so), leveraging the most advanced information technology as it becomes avail-
able.

In the ten years before 2003, the use of IT had resulted in considerable improvements for the
development processes within MTU: Overall, development times could be accelerated by a
factor of about five. However, there are also some negative issues, resulting mainly from the
drastically raised complexity of the underlying IT infrastructure.

Due to this, the percentage of time used by engineers to extend and manage the IT infra-
structure has greatly increased — engineers spend more and more time in struggling with the
IT infrastructure (integrating and configuring tools and fixing bugs) than in solving engineer-
ing questions. We have named this the “paradox of engineering IT”, as it has lead to great
overall productivity improvements and at the same time has made the human engineers in-
creasingly inefficient.

Figure 1 — Paradox of Engineering IT

Note that only a part of the reasons for that paradox is beneficial: As computers can perform
many computational engineering tasks much better than human engineers today, it is a logi-
cal consequence that engineering efforts focus on improving the computation methods and
the corresponding software tools.

However, a large part of the time spent for the IT infrastructure is caused by weaknesses in
the current base IT infrastructure, which fails to offer a reliable, abstract and transparent
framework for the engineering processes and tasks. Further acceleration of the engineering
processes thus requires an infrastructure that frees the engineers from tedious system ad-
ministration and IT integration tasks, enabling them to concentrate on the relevant engineer-
ing questions to be solved.

In the following sections, we will provide the requirements for such an infrastructure and out-
line the solutions chosen by MTU in the areas of simulation lifecycle management and prod-
uct lifecycle management.

4.2. OVERALL REQUIREMENTS

In the following, we describe the main requirement categories identified for the support of
MTU’s engineering processes by SLM/PLM solutions. The overall goal is to provide an infra-
structure with optimal support for the engineering tasks, hiding technical details of the in-
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volved IT systems as much as possible. This infrastructure shall be able to integrate all engi-
neering processes and the corresponding tools under a unified user interface.

This will ultimately lead to a reduction of development and maintenance costs as well as to a
reduction of development times. At the same time, the quality of the development results will
rise due to the increased level of transparency and easier integration of new engineering
methods.

Product Integration

The infrastructure manages all product and engineering data necessary for the development
of turbine engines. It provides a logical and structured storage of the corresponding product
models and their data, enabling to assess and assure their overall consistency. A key issue
is support for different discipline-oriented models and their integration. The underlying
persistence and storage technologies (EDM/PDM systems, file systems, databases etc.)
must be hidden from the engineers, providing data-independence for the engineering
applications. The product model and data support shall offer unified overall base
mechanisms, e.g. for data security, archiving, locking and check-in/check-out.

Process Integration

The infrastructure manages the engineering processes based on an explicit process model
with structured and standardized process definitions. The infrastructure is able to guide the
engineers through standard processes based on their role and the current state of the
process, thereby reducing possible errors and easing the training and working-in of new
engineers. The infrastructure must also be able to perform certain sub-processes in a semi-
automated way or even fully automated in order to accelerate the development and to free
engineers from tedious routine tasks.

At the same time, the infrastructure must not hinder the creativity and principal freedom of
the developers, allowing them to perform certain engineering processes and activities in new
and dynamic ways. Furthermore, designing and integrating new processes must be easily
possible. Process versioning support and support for the selection and combination of
processes with different versions are both necessary.

Tool Integration

The infrastructure manages different software tools under a common user interface and
provides them to the engineers in a unified way. Details of the tool execution (e.g. command
line parameters, distribution, data access to the product model) must be hidden from the
engineers as much as possible.

The infrastructure must be able to integrate and control various kinds of tools, ranging from
simple shell scripts over self-developed FORTRAN programs to large, commercial
optimization systems. Local tools as well as remotely installed and executed tools have to be
possible.

The integration of existing and new tools must be easily possible. As with processes, tools
must be versioned enabling the engineers to switch between different engineering methods
and to experiment with new tools.

Organization Integration

The infrastructure must support engineers from different engineering disciplines with different
tasks. The roles and access rights of the users are captured within a central organization
model that has to be kept in sync with MTU’s global company directories. The system must
guarantee that users can only access the processes, tools and products that they are
allowed to access, thereby securing valuable product and process knowledge from
competitors.
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Distributed Computing

The infrastructure must be able to support distributed engineering processes on the level of
engineers, disciplines and also organizations. Existing components for load balancing,
license management and accounting have to be integrated, as well as upcoming
technologies for grid computing and cluster file systems.

Monitoring and Traceability

The infrastructure must be able to protocol and trace engineering processes (including tool
executions) and their results in order to track the status of actual projects and processes. The
resulting logs are necessary to fulfill reporting constraints set by the management or external
authorities. They also allow to analyze and optimize the engineering processes.

Data Protection

This comprises data backup as well as archiving of old project data. In the context of
simulation lifecycle management, the question which data can be safely deleted without
sacrificing the traceability of processes and results has to be solved, as it is not possible to
store all intermediary results due to the size of the involved data.

Flexibility and Openness

The infrastructure serves as a common integration base for different products, processes and
tools. As such, it has to be open, standard-compliant and extensible. The system architecture
must be flexible enough to integrate new standards and technologies whenever they
becomes relevant. This is especially important with respect to new data sources (EDM
systems, model databases etc.) and communication technologies (e.g. web services and
model-based inter-application or inter-organization communication standards).
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5. MTU EDM STRATEGY

5.1. GOALS AND DIRECTIONS

The vision of MTU’s EDM strategy has been explicitly formulated for the SLM part [FB2001],
but holds also in an analogous form for the PLM part. It tries to directly answer the high-level
requirements given in the previous section.

Figure 2 — MTU'’s SLM Strategy

As can be seen from the figure, the overall goals of MTU’s SLM strategy are:

Define overall goals for the engineering processes and their IT infrastructure that can
be easily communicated and agreed by all stakeholders. The essential properties are
captured by the slogan given in the box in the middle.

Unify ambiguous and discipline-centric notions (visualized on the left side) and provide
a consistent conceptual framework with clear definitions that allows the different disci-
plines and partners to cooperate efficiently.

Identify key functionality areas (visualized on the right side) for the IT infrastructure as
a basis for the design of the supporting mechanisms.

Integrate the existing discipline-specific infrastructure systems (e.g. PROTAS S for
structural mechanics and PROTAS A for aerodynamics) into a unified engineering
workbench (named eProtas) that offers powerful base mechanisms for all disciplines.

The same goals hold for the PLM part and for the combination of SLM and PLM within the
overall EDM strategy.

5.2. SOLUTION ARCHITECTURE

In order to fulfill the given requirements according to the strategy described above, the
following solution architecture has been devised:

For the PLM part of EDM, the commercial systems TeamCenter Enterprise [2] and
TeamCenter Engineering [3] are used. This is accompanied by the selection of the
UniGraphics CAD system as the standard CAD solution within MTU. The main rea-
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sons for selecting existing commercial systems in the PLM area are that they enable
MTU to make use of the powerful existing functionality of existing systems and to co-
operate more easily with partners based on standards. All in all, the PLM solution sets
its focus mainly on standardization issues, namely:

0 Management of standardized CAD data, including possible conversions from
and to other CAD formats

0 Management of standardized CAD tools

0 Management of standardized CAD construction workflows according to the fa-
cilities provided by the TeamCenter systems

For the SLM part of EDM, the integration project eProtas has been defined in order to
come up with the eProtas IT infrastructure. As identified in the VIVACE DoW [4], cur-
rent commercial PLM solutions do not address key SLM areas well, as SLM poses dif-
ferent conceptual and technical challenges for managing simulation data and proc-
esses. The main difference to PLM is that CAE data and processes are much more
heterogeneous compared to CAD data and processes. The use of standardized meth-
ods in the CAE area would even be counter-productive for MTU, as its elaborate and
specific CAE methods and processes are considered a key competitive edge of the
company. For these reasons, the SLM solution eProtas sets its focus on specialization
and integration rather than on standardization:

o Management of discipline-specific CAE data as well as integration of disci-
pline-specific data based on a common product model

0 Management of discipline-specific tools and methods, integrating a wide spec-
trum of tools ranging from self-developed to adapted commercial tools

0 Management of MTU-specific CAE processes and workflows

PLM/SLM integration will be achieved by loosely coupling both systems, presumably
via a specialized import/export mechanism. From the standpoint of the SLM solution,
the integration of CAD construction data is similar to the integration of a further engi-
neering discipline. Therefore, it will be possible to leverage existing concepts and
mechanisms, probably in an extended form. The main challenge is to define suitable
interfaces and models for the coupling. This will be the key area of MTU’s participation
in VIVACE work package 3.4.
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6. SIMULATION LIFECYCLE MANAGEMENT

6.1. MODEL-BASED APPROACH

The eProtas SLM system follows a model-based approach to classify and manage the CAE
product development area. On a high level, all information is structured into three areas, as
visualized in the following figure.

Figure 3 — Base Models for SLM

In the rest of this subsection, we first give an overview over the contents of the three areas
and their relationships. Based on that we show how they play together in the eProtas system
by describing a typical sequence of work with some GUI screenshots.

Note that the three models represent the ,business-oriented engineering viewpoint rather
than the ,technical® IT viewpoint. Their main purpose is to provide an abstract conceptual
framework for the engineers, shielding them as far as possible from IT aspects like specific
database technologies or the distribution of software components to computing nodes.

Product Model

The product model contains all data representing products and their properties. This includes
.real” parts like turbine blades or disks, but also sub-parts like the wing front as part of a disk,
or even purely virtual parts used for engineering, like airflows or working points.

The product model is hierarchically structured and contains data that is common for all
disciplines as well as discipline-specific data. In addition to the structuring information,
parameters capture important value properties or other data of products.

Process Model

The process model describes the engineering activities and their sequence within the
corresponding engineering processes. It comprises high-level processes (macro workflows)
as well as very fine-grained processes (micro workflows) in order to support all kinds of
simulation processes.

The process model supports manual activities, in which engineers work with a certain tool, as
well as fully automated activities, in which tools are executed by the eProtas system without
human interaction.
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Organization Model

The organization model describes the ressources necessary to perform the engineering
processes. The most important ressources are:

Human engineers in various roles who are guided through the engineering processes,
performing the corresponding activities.

Hardware and software resources, especially the engineering tools that are used
within the activities.

As visualized in Figure 4, the three models are connected by various relations, which are
shortly described in the following. As can be seen, the product model represents the founda-
tion of the model system.

Process Model L
Oraanization Model

=
\

Innenienr . .
Enaineerina Tool

Product Model

Figure 4 — Relationships between the Models

The process model is dependent on the product model in different ways:

Products (or parts of products) serve as input or output of activities and can be stored
within the context of processes in so-called process variables.

Product parameter values may influence decisions taken in the process.

Processes are assigned to certain areas of the product model. For example, it is only
possible to perform aerodynamics processes on the aerodynamics part of the product
model.

The process model is also dependent on the organization model, as its activities specify the
necessary engineering resources (human engineers as well as engineering tools). At last, the
organization model provides access rights for both the product and the process model.
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6.2. EXAMPLE PROCESS

In the following, we show how the various models play together in a simple example process
consisting of a single activity calling a GUI-based, manual engineering tool.

Figure 5 — Login Screen

The eProtas login screen requires entering the following information:

The user account of the engineer. Note that the credentials are taken over automati-
cally from the operating system — there is no need to enter a separate password.

The role he or she wants to work in. The possible roles for the user are taken from the
organization model (cf. Section 6.5.2). Note that it is possible for a single user to have
multiple roles. A user may, for example, be able to perform aerodynamics as well as
thermodynamics tasks based on his or her skill profile. Although eProtas allows an
engineer to have multiple roles, he or she must choose a role for the eProtas session
at hand. If it is necessary to play two or more roles at the same time, it is possible to
start multiple client sessions.
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Figure 6 — Product Model View

The next screen shows the hierarchical product model view, which is represented by a tree.
As can be seen in the figure, it is structured into a common product model and various
disciplinary product models (cf. Section 6.3.

The green circles with the contained C represent so-called product model components.
Components serve as general structuring concept in the product meta-model and represent
folders, parts or virtual parts.

The violet circles with the contained V represent so-called product model views. Views are a
special kind of components that are used for structuring the product model into disciplines.
As can be seen in the figure, there are view nodes for various disciplines like aerodynamics
(aero), performance (perf) and thermodynamics (thermo). The example configuration of the
test server also contains some test data that is not yet aligned with the overall structure.

Components and views are described by various properties, as specified in the product
meta-model:

The variant of the product, given by the suffix of the component or view name (in the
example, only the “base” variant is used).

An optional description (empty for the top-level components on the test server).

The type of the component, which is used to specify the processes and the allowed
sub-structures, for example.

The user may now select a certain component in the tree he or she wants to work with. Note
only the components are visible for which the user has appropriate access rights.
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Figure 7 — Product Model and Process Selection View

The next screen shows the state after selecting a certain product model component. As can
be seen, the possible processes for the product component are shown on the right. They are
taken from the process model (cf. Section 6.4).

Compared to the last screen, some new product model concepts are visible:

Array nodes, represented by blue circles with a contained A can be used for indexed
collections of product components. An example would be the representation of a tur-
bine engine with a number of disks, each of which is characterized by an index (for
example, disk[1], disk[2] etc.)

Data access parameters, represented by orange boxes with a contained D represent
references to data sources. Note that parameters carry versioning information like the
version number and the date of their last change.

In addition to product model information, processes are also versioned. This allows to up-
grade methods and processes without disturbing running processes or sacrificing the trace-
ability of old process runs.

After selecting one of the applicable processes, the user can then start the process by
clicking on the start button.
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Figure 8 — Process Control View

The next screen shows the state of the running processes.

The upper left panel shows all running processes and their threads. Currently, there is only
one running process (called ) with a single
thread, which is currently at activity , Where it is requiring input from the user to
proceed further. The sequence of activities is automatically controlled by eProtas by means
of an integrated workflow engine.

The overall state of each process is also visualized in a compacted form at the bottom of the
window. As the process consists only of a single thread, its state corresponds to the
state of this thread.

In order to proceed with the process, the user has to provide input for the current activity. The
middle panel on the left (with the title ,Selected Thread®) provides him with a short
description of the activity. This window can also contain more elaborate help or concrete
working guidelines. The actual input is defined in the input panel below (see the following
step).

The panels on the right side show various logs that capture the work state of the process and
the currently executed tools.
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Figure 9 — Process Control View with Parameter Selec  tion Window

The next screen shows the specification of an input parameter from the product model. On
selecting the input parameter in the Input panel, a product model selection view window is
opened that for selecting a suitable parameter from the product model. Note that the
selection window only shows parameters which are suitable as input for the activity.

As soon as alll necessary input parameters of the activity have been defined, the user may
press the ,Step Next" button in order to proceed with the activitiy.
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Figure 10 — Process Control View with Executed Tool

The next screen shows the state of the GUI after the engineering tool corresponding to the
current activity has been started.

Under the hood, tool execution is quite a complicated process. The eProtas system usually
performs the following steps:

It copies the necessary input files to the workspace of the current process. A work-
space is a local working area that contains checked-out working versions of product
model elements.

It transforms the input files and additional parameters to an execution command for
starting the tool.

After the user has finished the tool, the system cleans up intermediary files and checks
in the resulting files and values into the product model. In order to guarantee the
traceability of the results, new versions are created and the corresponding version
numbers are increased.

The exact execution sequence can be controlled by scripts written in the interpreted scripting
language Python by the process integrators — the engineer needs no knowledge of the intri-
cacies of the tools and their storage medium.
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Figure 11 — Process Control View with Finished Proc  ess

The last screen shows the state of the process control view after the process has been
finished. Note that both the thread state in the upper left panel as well as the process state
are set to the ,finished” state.
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6.3. PrRODUCT MODEL SUPPORT

6.3.1. Product Model and Product Meta-Model

As already described in the previous section, the entities to be covered by the product model
are very complex. They include ,real” parts like turbine blades or disks, but also sub-parts
like the wing front as part of a disk, or even purely virtual parts used for engineering, like
airflows or working points.

In performing CAE simulations, engineers are working with instances of these entities, like a
specifically designed turbine blade or a certain working point configuration. Although different
instances of blades may be quite unequal considering parameter values like size, weight or
material, they may all belong to the same type. Such a type may be characterized, for
example, by the set of admissible parameters used to describe the corresponding blades and
by the applicable engineering methods used to work on them.

The product model has to capture the instances as well as their types, but at the same time
has to provide general structures as a basis for common mechanisms for the product model,
like versioning, access control and structure visualization. In order to describe these general
structures, an additional meta-level can be used.

Together, these requirements have led to the design of a meta-model approach consisting of
the two layers depicted in Figure 12.

Figure 12 — Layered Meta-Model Approach

Model Level: On the one hand, the model level corresponds to instances of concrete
products (lower-right quadrant). Each instance may have specific values allocated to its
parameters, distinguishing it from other instances. On the other hand, the model level
comprises the corresponding product types (lower-left quadrant) like certain turbine blades or
disks.

Meta-Model Level: The meta-model level defines the concepts that can be used for building
product models on the model level. Among others, it contains concepts like ,Parameter” or
~Component" together with their attributes and relationships. Like the model level, it is divided
in two parts for instances and types.

In the current system, the type concepts are kept rather simple: Types are only used for
simply grouping instances together; there are yet no relationships between types like
subtyping, associations or constraints. In future releases, the type concepts will be extended
to cover such advanced facilities, as researched by the ARTWORK project [AW2002].
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In the following, we focus on the meta-model level, as it explains the type and instance
concepts that can be used on the model level. The model level is mainly used for descriptive
examples in order to visualize the given concepts.

6.3.2. Product Model Features

The product model is based on five central design decisions, which will be shortly described
in the following:

Decomposition

Complex products are not monolithic, but composed from numerous parts and aggregates.
To reflect this, the product instance model is essentially hierarchic, consisting of a large tree
structure in which all product instances can be found.

Parameterization

Parameters capture the product data relevant during the product life cycle. In eProtas, two
main kinds of parameter information are used: Product parameters capture important scalar
values, like geometric lengths or material properties, while data access parameters represent
references to other data sources, like binary files in proprietary tool formats. Both kinds of
parameters can be combined in a product model, allowing the representation of both
structured and binary data.

Typing

Typing corresponds to the separation of products instances and their templates that is
common to the construction industry. A type determines the common structure of a number
of product instances, manifested by the number and kind of its parameters, for example. As
visualized in Figure 12, eProtas defines concepts for instances and types on the meta-model
level, which can then be used to describe the corresponding product instances and product
types on the model level.

Segmentation

Dependent on the actual engineering discipline, development step and development method,
it may be necessary to build and use different models. Such disciplinary models typically
contain only restricted parameter sets, and their hierarchic structure as well as the contained
product instances may be very specific, sometimes with only marginal commonalities with
models of other disciplines. This is one of the critical diskrepancies of the CAE area to the
CAD area, where standardized overall product models and uniform structures are possible
and desirable.

Due to the different concepts within the various engineering disciplines covered by eProtas,
the overall model is partitioned into two different kinds of models:

Disciplinary models contain the discipline-specific products. They are structured ac-
cording to the special needs of the corresponding disciplines.

A common product model contains the parts of the overall model that are relevant for
all the disciplines.

The common product model thus serves as a communication platform for the disciplines, as
shown in Figure 13. The advantage of this design is that it clearly separates the discipline-
specific issues from each other. There is especially no need to design a fully integrated, uni-
form base model for all disciplines — a task that is hardly possible given the diversity of the
different models in the CAE area.
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Data Independence

One of the key purposes of the product model is to abstract away from the physical data
storage mechanisms, providing the engineers with an engineering-oriented view on the nec-
essary information. This makes it possible to optimize and even exchange the data storage
without affecting the product model structures and the corresponding engineering processes.
Furthermore, engineers are enabled to focus on the engineering aspects of their work in-
stead on the IT administration aspects, thus escaping the engineering IT paradox visualized
in Figure 1.

6.3.3. Product Model Base Concepts

In the following, we present the concepts of the product (meta-)model. Figure 14 gives an
overview over its main classes in the form of a UML class diagram [5].

Types and Instances

As can be seen, in its current form the product meta-model consists of the single class Pro-
ductElementType for the type side. All other classes are derived from the class Produc-
tElement and constitute the instance side.

Typing is achieved by the association between these two classes: Each ProductElement

is assigned to exactly one ProductElementType . Later releases will probably have a more
elaborated type system. It could be possible, for example, to add associations for subtyping
or composition relations, thus constraining the possible instance structures in the product
model.
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Figure 14 — Product Meta-Model

Parameters
As shown in the meta-model, eProtas offers two different kinds of parameters:

Product parameters (modeled by the class ProductParameter ) capture important
value properties of a real or virtual part, like size, material or arbitrary other data. The
corresponding information is easily accessible to all clients in a standardized way, al-
lowing a fully parametric working style.

Data access parameters (modeled by the class DataAccessParameter ) represent
references to data sources (like custom-format files) that serve as input or output of
specific development tools. This allows to easily integrate the work products of existing
applications into the overall product model.

By combining product and data access parameters, eProtas supports parametric as well as
non-parametric working styles. It is especially possible to migrate seamlessly from a non-
parametric model, where all information is stored in proprietary files, to a parametric model
by identifying and defining parameters for the file-based data.

Containers

As their name implies, containers may contain other product elements (parameters as well as
other containers). Thus, the three classes ProductElement , Parameter and Container
follow the composite design pattern from [6].
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There are three different kinds of containers:

Components (modeled by the class Component) represent engineering parts or sub-
parts like blades or disks, or virtual parts like airflows. Thus, they make up the majority
of all container nodes.

Arrays (modeled by the class Array ) represent ordered collections of other product
model elements, which can be accessed by their index. Ordered collections are nec-
essary, for example, to model the sequence of the disks forming a complete rotor.

Views (modelled by the class View ) represent structuring nodes that do not corre-

spond to engineering parts, but only partition the product model. This is used mainly
for representing the engineering disciplines as nodes in the product model tree.

The following examples show a possible product model section representing two turbine
disks in the context of an engine rotor. Figure 15 displays the rotor, represented by a compo-
nent instance, as well as its disks, which are contained in an array.

Rotor : Component

Rotor

Disks : Array

Disk1 :

Compo-
nent

Disk2 :

Disk1 Disk2 Compo-
nent

Figure 15 — Example Rotor Product Model

The following figures show one of the disks in more detail. Figure 16 contains a drawing of
the turbine disk, and Figure 17 shows the corresponding product model instances. As can be
seen, in this view the component is decomposed into three sub-parts, namely, the wing front
on the left, the body in the middle, and the wing rear on the right. The measures are repre-
sented by parameters assigned to these components. Other engineering disciplines might
use other decompositions and parameters.
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Rotor : Component
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Figure 16 — Example Turbine Disk

L Disks:Array

Disk1:Component

WingFront:Component

— Width:Parameter

Body:Component

WingRear:Component

Disk2:Component

Figure 17 — Example Turbine Disk Product Model
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6.3.4. Variants and Versions

WP3.4 - Engineering Data Man-

Often, it is necessary during the development process to look at variations of certain parts or
components. This includes, for example, doing computations for different working points of
an engine, or experimenting with a different number of disks for a rotor. Despite these differ-
ent aspects, all such variants fulfil the same functional requirements. It is especially possible
to select certain component variants in order to obtain consistent overall configurations.

eProtas thus offers support for both component variants and overall configurations. In order
to characterize and distinguish different variants, arbitrary properties like variant names, tol-
erances, or other descriptions. The following example in Figure 18 shows a component with
two variants, each of which corresponds to a certain working point (“cruise” for variant A and

“idle” for variant B).

Component

Component Profile

Component Profile

Variant=A

Working_point=cruise

Variant=B
Working_point=idle

Figure 18 — Example Component Variants

In order to document the development history as represented by the changing values of pa-
rameters, eProtas in addition offers a versioning concept. Figure 19 visualizes the concept
for a simple string-valued parameter which changes its value from version 0.0.1 to version

0.0.2.

Figure 19 — Example Parameter Versions
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Note that the version concept is also be used to build configurations. A configuration is de-
fined as containing only one, selected version for each of the contained components and
variants. There is always a special “actual configuration” containing the newest parameter
values for all components and their variants. If no other configuration is specified, the actual
configuration is also the default configuration for engineers to work on.

Together, support for variants and versions are the base mechanisms for ensuring the trace-
ability of the development processes. Together with the process logs, they ensure that one
can trace back and forward within the product model. It is possible, for example, to obtain all
products (along with their versions) used as inputs to create a certain other product (back-
wards tracking). Likewise, one can get all products that have been created from a certain
base product (forward tracking).

6.3.5. Implementation

The structural information and the product parameters of the product model are stored in a
relational database via the object-relational mapping software Hibernate [7]. The data access
parameters are only hold as references in the database — the actual data is stored externally
on MTU’s company-wide NFS file system [8]. eProtas thus serves as a directory for engi-
neering data, integrating existing data sources and storage media.

In the future, due to the data independence, other storage media for engineering data may
be easily supported, such as cluster file systems, EDM systems or other databases.

6.4. PROCESS MODEL SUPPORT

6.4.1. Process Model Features

As with the product model, the process model is based on a formal meta-model. It has not
been developed specifically for eProtas, however, but is based on the existing meta-model of
the open-source workflow engine jBPM [9]. Therefore, we will restrict ourselves to a short
overview over the main features provided by the meta-model of the workflow engine, focus-
ing on the extensions necessary to use it in an engineering workflow context. The main fea-
tures of the process meta-model are visualized in Figure 20.

Process definitions are descriptions of engineering workflows in the form of directed
graphs. These graphs consist essentially of activities (visualized by blue boxes with
rounded corners) and control flows (visualized by arrows). After a process has been
started, the activities are performed in the order determined by the control flows. Note
that all the “real work” happens within the activities, where the engineering tools are
executed (see Subsection 6.4.2).

Process Variables capture the workflow-relevant data in the process context. They can
contain intermediate values or references to data within the process workspace (see
Subsection 6.4.3).

Decisions (visualized by green diamonds with a question mark in it) can be used to
branch to different paths within the workflow. This can happen automatically, con-
trolled by the workflow engine, or based on user input provided by an engineer. Deci-
sions are formulated in a scripting language (currently, the Jython [10] language is
used here) and can thus be arbitrarily complex, taking into account the current state of
intermediate results in the process variables as well as of the product model.

Sub-processes are like subroutines in programming languages. Instead of executing a
single activity, a sub-process may be performed. This feature is useful for structuring
large process definitions and for reusing existing processes as parts of other proc-
esses.
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Figure 20 — Overview over Process Model Concepts

In addition to the base concepts described above, it is also possible to specify parallel execu-
tion threads within a process definition. An application example is the parallel execution of
different computations for different working points to reduce the runtime of the process, as

visualized in Figure 21.

Page 33/50



VIVACE WP3.4 - Engineering Data Man-
agement

Figure 21 — Parallel Execution of Computations

Another application scenario is to execute two parallel threads within a process: one for a
long-running tool and one for monitoring the first thread. An engineer can thus take over in-
termediate results from the long-running tool as soon as they have been produced.

All in all, the described features represent the so-called “macro” workflow level, consisting of
reusable, rather coarse-grained sequences of activities (for the “micro” workflow level, see
the next subsection).

Currently, eProtas handles only processes performed by single engineers within a certain
engineering discipline. This includes simple processes for the invocation of a single tool as
well as complex processes involving many tools. These processes are assigned to admissi-
ble product model elements based on the type (and possibly other characteristics) of the
product model elements. The cooperation between the disciplines happens via special proc-
esses that check-in and check-out information to and from the common product model.

The reason for this work model is the “toolbox approach” followed by MTU: Engineers shall
not be constrained to work according to rigid, predefined processes, but may choose the se-
guence of tool and process applications at will as required by the actual engineering problem.

In the future, we expect that some of these “toolbox processes” will be integrated as sub-
processes in overall processes involving multiple engineers and disciplines. This will ease
and accelerate the execution of invariable standard processes while at the same time ena-
bling engineers to use the flexible toolbox approach when necessary.

6.4.2. Activity Handling

As described in the last subsection, processes consist of sequences of activities. Each activ-
ity corresponds to the execution of one or more engineering tools or other software. There
are two main kinds of activities:

Automatic activities are performed without user interaction. Thus, they can be per-
formed also when the corresponding engineer is offline or has no connection to the
computer performing the activity.
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Manual activities involve an engineering tool requiring human input, such as a simula-
tion tool with a graphical user interface (GUI). Typically, such activities have to be per-
formed on the workstation of the corresponding engineer.

Similar to processes, activities are described by activity definitions. In eProtas, these activity
definitions are mainly formulated using a scripting language (currently, the Python language
[11] is used, although other languages could be also integrated in principle).

By using a generic language with access to the server functionality, it is possible to program
micro workflows involving a number of closely related tools. An example is a micro workflow
that first uses a converter to transform an intermediate result from a former activity to the
format needed by a certain tool, and then invokes this tool. Another example is the integra-
tion and control of a load sharing software like Isf [12] for certain tool invocations.

6.4.3. Workspace Handling

In order to guarantee that different processes cannot interfere with each other, eProtas offers
a workspace concept. Data in a workspace can be changed without influencing the data in
the central product model (or in other workspaces). Thus, processes are shielded from
changes performed by other, concurrent processes.

At the start of a process or during its execution, parts of the product model can be checked
out to the process workspace, Of course, it is also possible to check in results from the work-
space to the product model. The check-in and check-out actions are controlled by the
scripted activities. Figure 22 shows an overview over the check-in and check-out mechanism.

eProtas eProtas
Client ‘ Server Product Model
orders
interacts
Process w/
Activities
Tool < starts g references
y
works on
A
Vk\ v
C_/ control ©
Workspace v Product
< » Data

checks in / out

N~ N~

Figure 22 — Check-In / Check-Out Mechanism

A typical runtime scenario goes like this:
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1. First, the user working with the eProtas GUI client orders a certain activity to be exe-
cuted by starting the process or by providing the necessary input for an activity.

2. The activity then interacts with the product model to identify the needed product model
elements and initiates the check-out process.

3. During check-out, the underlying product data is copied to the workspace using a high-
speed transfer mechanism.

4. After the data is present in the workspace, the activity starts the tool and provides it
with the correct input parameters from the workspace.

After the tool execution has been finished, the result data may be checked in into the product
model. Alternatively, the result data may be saved in a process variable and checked in at a
later point in time during the process.

In the future, additional possibilities for workspace handling will likely be added. For special
cases, it could even be advisable to relax the strict separation between processes, allowing
selected processes to share a common workspace. This could allow processes that follow a
kind of a “shared whiteboard” work model where different users see changes made by other
users instantaneously.

6.4.4. Versioning and Traceability

Similar to certain product model elements, process definitions (and also tools) are versioned,
too. This allows to experiment with new process variants without disturbing the execution of
established, well-tested processes. eProtas thus offers sophisticated mechanisms for setting
and selecting default and fallback process and tool versions to be used. Process versioning
is also necessary to maintain the traceability of processes, which is only possible if old proc-
ess definitions are conserved and not overwritten by new ones.

Traceability support relies on the underlying base features of the workflow engine, which logs
every status change of a macro workflow in the audit database. Traceability for micro work-
flows has to be defined by the process integrator using the facilities of the scripting language.

6.4.5. Implementation

As already mentioned, eProtas relies on the facilities offered by the open-source workflow
engine jBPM [9], which has been extended by various detail functions. The following box
shows an excerpt from the jBPM whitepaper [13] describing jBPM’s basic architecture:
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Process Engine. The process engine keeps track of the states and variables of all active
processes. It includes:

A Request Handler: This is the communication infrastructure that forwards tasks to
the appropriate process, user or application.

Interaction Services: These are standard and custom services that expose existing
applications as functions or data for use in end-to-end processes.

A State Manager: This module handles potentially thousands of processes including
interlocking records and data, and prepares multi-table databases of record as the
outcome of actions.

Process Monitor: This module provides visibility into the current end-to-end state of proc-
esses with which users and applications are interacting. It enables tracking of the status of
users or applications that are performing a process.

Process Language: The core engine is based on a directed graph. JPDL, the current jBPM
process language, is a powerful extension. On top of the directed graph core engine, can be
build support for other standards like BPEL, BPELJ, BPML, ebXML's BPSS, WSCI and
WfMC's XPDL.

Figure 23 — jBPM Workflow Engine Architecture

In eProtas, process definitions are currently written in an XML dialect based on XPDL [14]
and then transformed to the native jPDL language used by jBPM. In the future, additional
process definition languages may be supported. jBPM’s custom interaction services have
been heavily extended, for example, with facilities for starting micro workflows scripted in
Python [11].
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6.5. ORGANIZATION MODEL SUPPORT

6.5.1. Organization Model Features

The organization model describes the resources that are necessary for the execution of the
processes in the process model, together with the corresponding resource constraints. Re-
sources include especially

human engineers and IT experts defining and executing the engineering processes
IT resources like the engineering tools and the compute servers.

In the following, we will focus on the first category, as the integration of tools in process ac-
tivities has already been described in Section 6.4.

6.5.2. Role Concept

In communicating with the eProtas system, each user is given one or more roles. There are
two major kinds of roles, namely, engineering roles and organization roles. An overview is
given in Figure 24.

Engineering Roles

Engineers are the end users of the eProtas system. They work through the processes, creat-
ing and changing the product model by using the corresponding engineering tools. Further-
more, certain engineers may alter the organization model information, for example, by chang-
ing access rights or by creating user groups (cf. Subsection 6.5.3).

Upon login, engineers have to select a detailed sub-role, like Mechanics Engineer, Thermo-
dynamics Engineer or Aerodynamics Engineer (see also Figure 5 on page 18). Although a
person may have two roles, he or she must select a single role for each eProtas session.
However, it is possible for a single user to start multiple client sessions pertaining to different
roles in parallel.

Organization Roles

Organization roles are responsible for preparing and administering the eProtas system so
that the engineers are able to work with it productively. The most important roles in this con-
text are:

Project managers are responsible for assigning persons to roles in development pro-
jects. Furthermore, project managers may select appropriate default versions for the
processes and tools to be used in a project. Currently, there is no explicit support for
this role in the system — the addition of project management functionality is planned for
a future extension.

Process integrators are responsible for specifying and integrating macro and micro
workflows using the XML process description language and the scripting facility. As
these tasks require knowledge from both the engineering and the IT domain, process
integrators have to be carefully selected and trained.

Tool integrators are responsible for integrating new tools into the eProtas system. This
includes the installation, configuration and test of the tools themselves as well as the
design and implementation of micro workflows for the corresponding activities using
the Python scripting facility. The roles of the process and tool integrators are overlap-
ping to a certain degree, as the borderline between a tool integration micro workflow
and an engineering process micro workflow is not clearly defined.
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Figure 24 — Overview over Roles

System administrators are responsible for installing, updating, configuring and admin-
istering the eProtas system. Furthermore, they manage the user accounts and the cor-
responding user information (passwords, roles etc.)

Product data managers define the product structure and its mapping to existing stor-
age media structures (like directory hierarchies in the file system or database struc-
tures).

6.5.3. Access Rights

In order to guarantee that only authorized users may access product model information,
eProtas manages access rights for product model elements.

Currently, access to processes and tools is not protected explicitly — if a user in a certain en-
gineering role is allowed to access a product model element of a certain type, he or she can
execute all corresponding processes and tools. Note that this also implies that a user without
access to product elements of a certain type is not able to see or execute the corresponding
processes. In future releases, a facility for explicit access right control of process model in-
formation may be added.

Access control of the product model elements relies on the following base information:
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User account, as provided during login
Group membership, as managed by eProtas

According to the user and group concept of eProtas, which is shown in Figure 25, each user
(class User ) may belong to an arbitrary number of groups (class Group). The group struc-
ture itself is flat — groups may not be members of other groups. A group may be managed by
another group, implying that the managing group may add and remove users to and from the
managed group. Additionally, there is special singleton group of super administrators (class
SuperAdminGroup ) with full rights, including the right to create and destroy other groups.

Figure 25 — User and Group Meta-Model

Access rights are specified by using access control lists (ACLs), as shown in Figure 26. As
can be seen there, each product model element (class ProductElement) owns a number
of access control list entries (class ACLEntry) , which in turn belong to either users or
groups. In addition, each product model element has an owner (association owner from
class ACL to class User ) and may have a group of product model administrators (association
pmAdmin from class ACL to class Group ). The owner and the product model administrators
of a product model element have the right to change its access rights (as well as the access
rights of its child elements).
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Figure 26 — Access Control List Meta-Model

There are three kinds of access rights:

Navigate (N): A user with this access right may only see the presence of the corre-
sponding product model element, but cannot read any of its parameters. This is nec-
essary to allow a user to navigate to a sub-tree in the product model without granting
him or her access to information higher up in the tree.

Read (R): A user with this access right may read the parameters of the corresponding
product model element. This access right implies the Navigate access right.

Write (W): A user with this access right may update the parameters of the correspond-
ing product model element. This access right implies the Read access right.

Instead of (or in addition to) specifying own access rights, a product model element may
specify that its access rights should be inherited from its father element in the product model
tree (attribute inherit  of class ACL).

Figure 27 shows the corresponding access control GUI with controls for setting the owner
and product model administrator of a product model element as well as its access control
entries and their inheritance.
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Figure 27 — Access Control GUI

6.5.4. Implementation

The access right information is held in the product model database (cf. Subsection 6.3.5).
The user information is currently managed in an eProtas configuration file. In future releases
this information will be taken from a company-wide directory system during the login.

6.6. |IT ARCHITECTURE

6.6.1. Non-Functional Requirements

The main goal of eProtas is to integrate arbitrary CAE tools and processes under a common
user interface. The resulting non-functional main requirements are given in the following:

Usability: The engineering GUI client has to be easily usable and highly reactive, thus
shielding engineers from the intricacies of the IT infrastructure and enabling them to
focus on the engineering tasks at hand.

Reliability: The system must not lose data and has to protect long-running computa-
tions from aborting due to system errors, as this could lead to costly extensions of
overall development times.

Performance: The system must not be considerably slower than the existing prede-
cessor systems. Marginal performance losses are acceptable, however, due to the
higher level of functionality (e.g. with respect to workspace handling and traceability).
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Extensibility: The system must offer powerful facilities for adding new processes and
tools, thus allowing the process and tool integrators to work efficiently. Furthermore,
the system itself has to be scalable and easily extensible by new functionality.

In the following, the resulting key design decisions and the corresponding architecture prop-
erties are shortly described.

6.6.2. Logical Architecture

The system relies on a logical three layer-architecture consisting of a presentation layer (with
the eProtas engineering desktop client as well as the integrated engineering tools and a spe-
cial eProtas task manager for controlling them), an application layer (with the eProtas server
with the application interface provided by the product, process and organization models) and
a storage layer (with the model databases and engineering data repositories).

By clearly separating data storage from application and presentation logic, it is easy to inte-
grate new storage mechanisms as well as new presentation channels.

Figure 28 — Logical Three-Layer Architecture

The system is decomposed into software components with clearly defined responsibilities
and interfaces. This makes it easy to optimize or even exchange the implantation of a com-
ponent without affecting other components. This holds especially for the three models within
the application layer: They shield the presentation layer as well as the engineers from details
of the IT infrastructure like file system structures, special input and output formats and data-
base access mechanisms.
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6.6.3. Distribution Architecture

Figure 29 shows a closer look onto the distribution architecture. It consists of four different
kinds of distributed software processes:

The engineering desktop GUI clients run on the client workstations of the engineers.

A central application server manages the model data and functionality, thus providing
a stable runtime environment for the engineering processes. Currently, the server itself
is not yet distributed or clustered, although it is already possible to run different appli-
cation servers on the same database.

For each process, a task manager (sometimes also called PTM for proxy task man-
ager) is started on a networked compute server. The task managers are responsible
for the communication with the engineering tools and the management of the corre-
sponding process workspaces. They also execute the Python micro workflows within
the process activities.

Usually, a separate database server is used. It is accessed from the application server
via the Java Database Connectivity (JDBC) facility of the underlying database.

Figure 29 — Distribution Architecture

For the distributed communication between the server and the clients and proxy task manag-
ers, CORBA (Common Object Request Broker Architecture, cf. [15]) is currently used as a
robust, platform-independent and standardized communication infrastructure.
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The CORBA interfaces of eProtas follow a service-oriented design paradigm — therefore,
other remote communication mechanisms like web services could be easily supported.

6.6.4. Base Components and Technologies

The eProtas server is realized in Java version 5 [16] because it provides a powerful and ro-
bust runtime environment and offers helpful facilities for writing robust programs, like garbage
collection and strong typing. Java’s platform independence has also made the migration to
Linux64 very easy.

The desktop client and the proxy task manager are written in C++ and use the Qt user inter-
face framework [17]. This is mainly due to historical reasons, as the SGI hardware formerly
used at MTU did not offer adequate support for Java. Simple Java versions of the desktop
client and the task manager already exist for test automation purposes.

Scripting for micro workflows relies on the interpreted Python language [11], which has been
proved to be easily learnable and applicable by engineers as process and tool integrators.

In addition to the language runtime environments and base libraries, the following core com-
ponents are used:

Hibernate object/relational persistence and query service [7] for mapping the object-
oriented model information to the tables of traditional relational database management
systems (currently, Oracle 10 [18] is used as database system).

Castor persistence framework [19] for reading XML process definitions and eProtas
configuration data.

JacORB (Java CORBA ORB, [20]) and omniORB (C++ and Python CORBA ORB,
[21]) as remote communication infrastructure.

jBPM2 as workflow engine [9], providing the support for the management and enaction
of the process model.
Most of the used base components are open-source software based on open standards and
APIs like XML, CORBA or JDBC. All in all, the experiences with the selected tools have been
positive, not only with regard to the provided level of functionality and stability, but also with
respect to the support provided within the respective internet forums. Especially the availabil-
ity of the source code has been a critical success factor for the component integration.
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7. PRODUCT LIFECYCLE MANAGEMENT

MTU introduces UGS TeamCenter Enterprise and TeamCenter Engineering for product life-
cycle management [http://www.ugsplm.de/produkte/teamcenter] at all German and North
American locations. As both systems are commercially available, well documented products,
we restrict ourselves to a short overview of the functionality used at MTU.

The objectives of MTU's PLM project are:

reengineering of the development processes (focussing on product lifecycle man-
agement in development, testing and production)

consolidation of the IT system portfolio for product data and configuration manage-
ment

replacement of legacy systems

Typical PLM documents and data are CAD drawings and models, part lists, design reports
and so on. Together, TeamCenter Engineering and TeamCenter Enterprise offer the follow-
ing main facilities:

Document Management: This includes facilities for managing product and document
information.

CAD Data Management: This includes facilities for defining and enacting engineering
processes as well as for change management, the management of different CAD
tools and their corresponding formats, as well as the translation between these CAD
formats. Check-in/check-out and versioning for CAD data are also covered.

Configuration Management: This pertains to life cycle management of parts from raw
material to scrap, including unique identification of parts and structures of a product,
tracking of parts in engines, management of build standards, versions and variants,
and change management.

Digital Part Folder: This pertains to the management of all documents necessary for
the CAM process.

In addition, the system allows continuous validation (CAD designs may be validated using
integrated visualization and digital mock-up services) and multi-site collaboration, pertaining
mainly to the communication between TeamCenter servers at distributed locations.

As can be seen, besides the management of documents and parts TeamCenter sets its fo-
cus on the management and validation of CAD data and the management of design proc-
esses. Within this area, the complexity of product models lies more in the complexity of the
CAD file formats rather than in the number of files and the depth of the product model tree,
like in the CAE area. The same can be said for the processes: While a single CAD system
usually supports more complex user interactions and processes than most CAE systems, the
complexity of the processes in the CAE area stems more from the integration of many differ-
ent views, tools, systems and process fragments.
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8. PLM/SLM INTEGRATION

As of now, TeamCenter Enterprise/Engineering and eProtas have not yet been integrated in
order to provide a unified PLM/SLM solution environment. The planned solution relies on
loosely coupling both systems via a product data import/export facility.

Figure 30 — PLM/SLM Coupling of eProtas and UG TeamC enter

In order to achieve such a coupling, three areas have to be addressed:

Mapping of Product Models: In order to be able to exchange data over the PLM/SLM
interface, both sides need a common understanding of the structure and content of the
transferred data. Therefore, common models and/or transformation rules have to be
elaborated.

Definition of Interaction Protocols: In addition to the transferred contents, the interac-
tion sequences between both sides have to be specified. This pertains mainly to the
overall engineering processes, but also to detailed transfer protocols and the corre-
sponding interfaces and formats.

Implementation of Transfer Mechanisms: After specifying the transferred data and the
corresponding interaction protocols, the transfer mechanism has to be implemented
and tested.

As described in the next section, we plan to achieve some of these tasks within the VIVACE
project.
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9. RELATIONSHIP TO VIVACE

As can be seen in Figure 31, there are many synergy areas between the eProtas/Team-
Center integration at MTU and the development oft the VIVACE EDM framework, as both
aim at the integration of PLM and SLM facilities according to defined standards. Therefore,
the proposed work agenda for MTU in VIVACE includes two main areas:

1. Align models and technologies of MTU’s PLM/SLM integration processes and sys-
tems with the corresponding standards and concepts elaborated in VIVACE.
a. Atthe one hand, this means that MTU will be able to optimize its PLM/SLM in-
tegration by adopting results from VIVACE.
b. At the other hand, MTU will convey models, concepts and lessons learned
from its PLM/SLM integration project to VIVACE.

2. Define models, processes and technologies for the cooperation between PLM and
SLM systems in order to enable a unified EDM approach.

a. On the conceptual level, it is necessary to identify the structure (meta-model)
and contents of the data to be exchanged as well as the communication pro-
tocols for the interaction.

b. On the technical level, suitable exchange formats (like XML) and transfer
mechanisms (like web services) have to be defined as a basis for the techni-
cal implementation.

Figure 31 — Relationship to VIVACE

This state-of-the-art report represents the first step pertaining to 1b, as it conveys the models
and concepts used in MTU’s SLM solution to VIVACE.
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As can also be seen from the figure, MTU cannot contribute to all research topics of VIVACE
due to its restricted work share. Therefore, we will restrict ourselves mainly to the definition of
the transferred product model and the corresponding communication protocols. Areas such
as the integration of requirements management facilities or other advanced SLM or PLM me-
chanisms will thus not be covered by MTU.
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10. CONCLUSION
In this state-of-the-art report, we have provided an overview over the areas of simulation life-
cycle management (SLM) and product lifecycle management at MTU.

We have focused on SLM and its connection to PLM, as these are also key working areas of
VIVACE. In presenting the SLM approach at MTU, we have provided information on:

MTU’s overall SLM/PLM strategy arising from the requirements of turbine engine con-
struction and simulation processes.

The SLM integration project and system eProtas, focusing on the three core models
that will also play a central role within the SLM/PLM integration: the product, process
and organization models.

MTU’s PLM solution TeamCenter Engineering/Enterprise and its relationship to the
SLM integration project and solution.

The projected strategy for achieving the PLM/SLM integration and for participating
within the VIVACE project.

The next steps will be to evaluate the requirements for the PLM/SLM coupling and to design
the architecture of the transfer models and mechanisms.
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