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ABSTRACT

The smulation of components and full vehicle functions is state of the art in the automotive
industry and is the basis of short development processes. However, the aimost complete tran+
gtion from the traditional, test-based approach requires a further change in the simulation
process. While specialists in dedicated departments executed analyses in the past, the use of
smulation for dl vehicle functionsin al projectsis required in the future.

In order to enable a smulation based body in white development, an efficient I T-Structure has
to be established which alows easy and transparent access to simulation data and results for
everybody involved in the development process. Currently, reading and processing smulation
data is regtricted to the use of specidized applications and is in genera not accessible by
everybody. Therefore, an efficient and transparent structure is needed to enable a direct
access with aflexible view to the prepared smulation data for all project members.

The web-based information system CAE-Bench addresses these needs. Installed on a server,
CAE-Bench generates dynamic Web pages based on database transactions. Data is treated as
so called ce-objects which have basic functiondity and can be extended by data type. Hence,
ce-objects can be stored in commercia databases or administrated in PDM systems as exten
sions of PDM objects. The primary focus of CAE-Bench is

the creation of a consistent database with all data generated in the process,

an automatic documentation and an efficient way to make them available via the Intranet,
building up data exchange services for suppliers,

the integration of automated pre- and postprocessing,

the integration of resource- and job- management and

the integration of datamining.

This focus enables, besides transparency and flexibility for the result access, a consistent
archive concept. The relations between simulation results and the correspondent models are
comprehensive at every time. Furthermore, this information system guarantees that smulation
results are consistently generated with approved process standards by converting the CAE
knowledge from the analysis departments into standard procedures and integrating them into
the information system.
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INTRODUCTION

Simulations in the car design process represent a critical path in shortening this process.
Simulations alow a reduction of traditional test based approaches and aso enable the study of
full-vehicle functions earlier in the design process. However, to integrate the smulation
process tighter in the whole car design process, a new | T-infrastructure has to be built around
the smulation based methods.

Currently, most of the data is still managed by moving flat files and organizing them in
directory structures. In addition, most of the processes in pre- and post-processing are not
standardized and the obtained smulation results are not very consistent between individual
studies and, in a larger extend, between car projects. The results can thus not always be com-
pared directly, since it has to be examined manually to which extend the data was generated
consistently. Due to this current situation the smulation experts spend a considerable amount
of time with administrative tasks of documenting smulations, preparing standard reports and
communicating key results to process partners.

With the CAE-Bench project we focused on addressing these aspects and designed a web-
based system for managing the simulation data, generating a standard reporting process and
providing a consistent information system for the process partners. With this system in place
some of the smulation processes will be accelerated, bringing us nearer to the goal of smu-
lation based car design.

In addition to the pure data management of smulation results, there is an additiona long-term
focus, which we want to achieve with the CAE-Bench system: Knowledge Management

Knowledge Management

Each individual smulation performed in a car prgect represents a large number of information,
however in the context of the individua study only specific functional characteristics are
important and analyzed. Many additiona insights are neglected. With CAE-Bench we want to
build a datawarehouse, which holds al the smulation data from pre- and post-processing for
al smulations performed in an organization. This datawarehouse holds in some encoded form
a huge amount of knowledge obtained through smulations. With datamining approaches it will
be possible to extract this knowledge, which should then lead to new insights and hereby, even
further improves the car design process.



PROBLEM DEFINITION
Data explosion in High Perfor mance Computing

Before going into the detalled problems of full-vehide smulaions, there is a generd
observation in the high performance-computing environment that the number of smulations is
drastically increasing. While in the past, most smulations were performed sequentialy one
after the other, we see a trend towards simultaneous analysis of multiple parameters by meth-
ods such as stochastic smulations, optimization and multi-scenario anadysis. While in the tra-
ditional approach, the number of smulations more or less increases linearly with time and
number of experts, the introduction of these new methods results in a drastically increase of
the number of smulations.
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Figure 1: Data growth in technica scientific computing today and in the future.

In some industries, the data generated with smulation methods increases at a higher rate than
the density of magnetic disk drives increases. This represents a huge challenge for the IT-
infrastructure, since today most data is managed on a file basis using directory structuresin a
distributed environment of workstations and servers.

The management of this increasing amount of datais not only a pure indexing and structuring
problem. In contrast to most commercial data management systems, we are faced in the tech-
nica / scientific world with additiona requirements:

The number of smulation resultydata is drastically increasing, confronting us with major
performance challenges. We cannot rely on computer technology advances to solve this
performance issue.

The data has to become more consistent, which requires the processes of how simulations
are performed to be more standardized.



New methods to analyze data. With this increase in the number of simulations, the post-
processing will shift from looking on one individuad smulation to the interpretation of
multiple smulations. This requires new analysis tools such as datamining, but aso puts
large stress on the data management, since the access patterns to data will chance from
the access to individua objects to the access of 10'sto 1000’ s of objects at the same time.

The Simulation Process
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Figure 2: Idealized CAE process with current challenges

Theindividual smulation process can be idedlized into 5 phases:

1
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Design: This process is independent of the simulation process, but represents the starting
point for most smulations.

Pre-processing: Meshing and assembly

Simulation: Running the solver with the appropriate |loadcase

Post-Processing: Analysis of an individua smulation

Report Generation: Extracting the key results. This process normally consists of the com-
parison of multiple smulations, from which the key results can be derived.

In this idealized process multiple challenges can be identified:

Extraction processes from the PDM system into the CAE process and particularly the
referencing between meshes and the corresponding PDM equivaent. Since there is no
100% identity between a 3D CAD modd and the meshed part, the referencing must
include dl information of how the meshes where derived, and what kind of specific
modifications where performed on the meshed part.

Consstent model documentation. Assembled car models consist of 100's of individua
parts, spot weld definitions, mass trims, material definitions, contact definitions and other
smulation relevant information, which need to be documented in a consistent way so that
comparisons between different simulations can be performed.



Standardized Analysis. For individua load cases, there is normaly a standard set of
andyss, which needs to be performed in addition to the individua project-specific
investigations. This standard part of the analysis still occupies a considerable amount of
time for the smulation expert and should be automated.

Dissemination of Key Results. Simulations have to be compared and key trends derived
which represent the key results fed back into the car design process. This step is very
time consuming and involves al process partners, for instance the design department.
Linkage to the test bed. In addition to the referencing between smulation model and
PDM-state, there needs to be a corresponding referencing between traditiona tests and
their corresponding smulations.

Fast generation of variants. The variation of smulation models, such as modifying metal
sheet thickness or varying the loadcases, should be fully automated to reduce the
necessary pre-processing time of the expert.

Management of large quantities of computations. As aready mentioned, there is a
considerable administrative challenge to manage the smulation data generated from
stochastic simulations for instance.

In an attempt to accelerate the CAE process, these challenges have to be addressed, which
means not only centralizing the management of data, but aso including automation and effi-
cient dissemination mechanisms.

Synchronization between PDM — CAE

Design
PDMICAD

designl ..

Figure 3: Process of how CAE data is generated and structured relative to PDM data

Theinitia ideain many approaches in creating a data management environment for smulation
based data was to expand the PDM system to manage aso the additional simulation based
data formats. However, this approach isin our view very mideading, since there are essential
differences between the focus and structure of a PDM system relative to a corresponding
CAE data management system.



The essential focus of a PDM system is to synchronize all the design partners and provide
them with the most up-to-date information about the current design state. The PDM system
holds al data relevant to a car design in a product oriented structure and versions and up-dates
al the components and parts, so that the involved people have the most actua view on the
current car design.

From this PDM system the 3D structural data is extracted into the CAE-process described
previoudly. This process consist of considerable modeling phases, since the 3D structures have
to be meshes, assembled and combined with the load case. In this process multiple new
information is added to the model, particularly as smulations are performed in the early phases
of acar design process when not al datais present in the PDM system. At the end thereis a
reference CAE model that is used in the different loadcase smulations.

It is important to note that one smulation does not carry very much informetion, but aways
has to be put in context to other smulations. Againgt this background, a smulation project
consists of multiple smulations in which the modd itsef and the loadcase are varied. By
comparison of these variations, trends and insights can be derived which represent the key
results communicated back into the car design process.

As a result, the data management system for smulation data is more oriented around struc-
turing al the different variants. There is no equivdent variant structure in a PDM system.
Therefore, one design choice taken with CAE-Bench was to build an independent data mar+
agement system with references to the PDM system.

The CAE-Bench system
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Figure 4. CAE-Bench represents a communication platform for the information created in the
CAE-process and by the process partners.



The CAE-Bench system is web-based which alows all process partners to transparently and
easly access al the simulation information. It manages and disseminates al the data gener-
ated along the CAE process in a consistent way.

Data feed into CAE-Bench

A critical issue in any data management system is the data feed, since the success of such a
system is not determined by the functional richness but by the acceptance of the usersin
importing their data. Specid attention was paid in the design of CAE-Bench to off-load the
CAE expert with routine tasks and not to increase his efforts by importing the data into CAE-
Bench.
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Figure 4. Schematic representation of how datais imported into CAE-Bench

If we consider the number of individua objects, which are managed per smulation, this adds
up to alarge number:

There are roughly 500 individua partsin a car model

The loadcases

The smulation autput

The standard and individua analysis results (e.g. curves), which can account for over 100
individua objects.

It is not feasible for the smulation expert to import all those different objects individualy. The
import process needs to be automated as much as possible.

There is a helpful circumstance to achieve a highly automated procedure for the import of all
the different objects with one process. For a smulation, al the relevant information is in the
input deck for the solver, which in any case has to be submitted to the compute server. There-
fore, the submission of a smulation job represents an ided instance, where the import of the
datain the CAE-Bench system can be achieved.



Once a job is submitted to the batch queuing system, two individua import processes will be
initisted:

1. Automatic Model Documentation

In this process, the input deck is imported into the CAE-Bench system. After thisimport,
the input deck is decomposed into the loadcases and the assembled model. The assem-
bled model is then decomposed into the individual components and based on some
comment card conventions we can even establish areference to the PDM part they refer
to. All those objects created in the decomposition step of the input deck are imported into
CAE-Bench, where they are compared to the already existing objects. If the object exists,
references (‘audit trails') are created, if there is no equivalent, a new object is automati-
caly created. A model documentation web-page is created which reports the results of
the decomposition and import processes and alows the user to add comments and further
information.

2. Automatic Report Generation

After the execution of the solver, the resulting output files are automatically imported into
CAE-Bench. Based on the project and load case specifications, specific standard post-
processing scripts are started, which create multiple different analysis. These range from
the calculation of individual values over the creation of curves/plots to the 3D visudization
of parts or full car behaviors (created in batch). All those different post-processing
objects are imported into the system and a standard report is generated to which the user
can add comments and trigger more specific analysis.

These two automatic processes dramatically reduce the workload of the experts in terms of
entering the different objects into the system and performing automaticaly most of the cur-
rently time-consuming model documentation and standard analysis. The required interactions
are minima and the traditional working steps, particularly in the pre-processing, are unaf-
fected. The CAE-Bench system should not be seen as a guiding framework, which enforces
specific work patterns (e.g. how the expert creates models and input decks). CAE-Bench is
an intdligent information management system, which independently analyses the models and
structures the data in an appropriate form.

Current State

CAE-Bench is currently in an early production phase at BMW, at which data from selected
projects are imported. This represents the critica phase at which al the user acceptance
issues and feasibility are evaluated and the plans for a deployment to al simulation projects are
devel oped.

If in the near future enough simulation results are within the system, we are looking forward to
add datamining capabilities for starting to derive new promising insights from simulation results
made in the past.



CONCLUSIONS

The introduction of CAE-Bench at BMW is an ambitious project, which is of mgor importance
in the process of reaching the goa of smulation based car design. The focus of CAE-Bench is

to develop an efficient and transparent information platform for our process partners,
to structure our simulation datain a consistent form,

to layout the data management structure for further datamining and

to integrate as much as possible automated procedures.

While CAE-Bench is a necessary development to enable a more efficient deployment of
smulation, it will deploy it's full impact together with improvements in the gpplication domain,
which should enable more automated meshing and assembly processes like the new
capabilities of MSC.AMS. Both developments together will drastically accelerate the smula-
tion process and hereby a so accelerate the car design process.



