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ABSTRACT - The CAD and FEM tools are the most usual instrusi@mtorder to design
and optimize mechanical structures today. Prewotsbse tools were not redily accesible for
every one, but only for a limited number of resbarenters and big companies. The software
applications for design and optimization regardistguctural mechanical structures, and
specially those in the automotive engineering apeayide a wide range of possibilities in
order to improve the results. Almost all designiregrs are able today to use these tools in
their design activities. In addition, a structurvealy for design will allow a better application of
finite analysis method (FEM). Previously it wassléemportant how a mechanical component
was designed in a CAD tool. Today, it is very impat how the mechanical component will be
designed, if it is easy to be modified, if the desimethod is ,user-friendly”. Today the
designed part will be generated in a design office,will be analysed in another office located
in another place (country), by other design engmegfter that, the FEM-analyses may take
place in another office. This paper considers sgoossibilities for optimization and
improvements in CAD design for the automotive angdige’s mechanical structures in order to
increase the designer work’s efficiency and tovalkomore structured way to create 3D parts.

INTRODUCTION
Overview CAD / FEM construction in automotive emggring

The complexity of research and development aatiwiin the automotive and engines area
have increased extremely. As a consequence, aléfiearch and development steps are based
on computer-based methods. For parametric-asseei@MhD construction, there are several
different applications, shown in the following exales. Parametric-associative CAD
construction: The basic procedure is developedaasd$ possible. There are a few efficent
methods in the concept development. The most fregoneblems are concerned with the
increased complexity of the CAD models (compleXaras and solids, complex assemblies,
sheet metal, drawings and other output files). Aeotproblem is the new trend of
multinational companies, which supose a simultaslgoprocessed computer aided design.
This enables design engineers to work simultangoos| the same assembly in different
locations alternatively the CAD model can be preedsn a design office, and then passed on
to the next design office (in a different placeylditionally, the optimization process can take
place at all levels: the creation of a CAD moda &aparametric construction), sheet metal,
drawings, FEM analyse. The research and developprecess can be improved, under the
above mentioned circumstances, in order to gehaearoent, user-friendly and modification-
friendly parametric-associative CAD constructiomdas very helpfully in making quick
decisions.
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PREPARATION WORK TO CREATE A MODIFICATION-FRIENDLY
PARAMETRIC-ASSOCIATIVE CAD CONSTRUCTION

At the beginning it is helpful to try to establishstrategy of how the constructions steps
should follow. It is necessary to differentiate vbeen two different types of CAD
constructions:

a) existing CAD construction (based on existing exaap|
b) new CAD construction (never done before);

The first one is very convenient because the exjstixample can be followed. The second
option will be discussed as follows. The first stgpo collect as much information as possible
about the part which will be modeled and to deardw®at is most important for the CAD
construction. A list of assertive information wile created. After that the information has to
be analysed and transformed into input variables.

The next step is to separate the more significantlles from the less significant variables.
The first significant variable will constrain thelevant geometrical properties of the CAD
model while the second significant variable willntm! the less decisive. If it is necessary,
another lower placed level of input variables carcieated.

A separate list with boolean input variables carcteated. Those variables can control the
occurance or not for some particulary CAD constauctletails. These details may appear or
not in the CAD model.

Another important step is to establish the refeesnd@he most important reference is the

coordinate system. It will serve as the basic exfee for the CAD model. Other references,

such as planes, axis, curves and points may beedréganecessary. Thay may be associated to
the input variable or not.

Defining the modeling strategy is the next stepalt be diferentiated between simple CAD
modelling, skeleton method (Pro/Engineer) and patammethod based on Excel input sheet
(Unigraphics). The last one will serve as practeample.

Optimized design process will take place usinglacemfigurated modification-friendly user
interface based on a Unigraphics Excel sheet. Exe presentation is an adapted version for
a mechanical part of an internal combustion englie end result, a finalised CAD design
version, will be delivered to the FEM program. Aftthhe FEM-Analyse, other design
modifications could be be performed if necessatye Todification-friendly user interface
will allow the modification to be done and the riéisig CAD model will be prepared for a
new FEM computation. A sumarized list of these prapon steps based on that method is
presented as follows:

- information about products> input variable list;

- input variable list =first level significant variables / second levelgrgficant
variables;

- input variables list= boolean input variables;

- establish the references main coordinate system, planes, axis, curvestgoin

- define the modelling strategy;

- optimize/modify the CAD design through the modifioa-friendly user interface.
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BRIEFLY PRESENTATION OF UNIGRAPHICS SOFTWARE

Unigraphics (NX) is one of the world's most advahceand tightly integrated
CAD/CAM/CAE product development solutions. Spannitige entire range of product
development, NX delivers immens value to enterprigk all sizes. It simplifies complex
product designs, thus speeding up the procesdrofiurcing products to the market. The NX
software integrates knowledge-based principlesustral design, geometric modeling,
advanced analysis, graphic simulation, and conourengineering. The software has
powerful hybrid modeling capabilities by integrafisonstraint-based feature modeling and
explicit geometric modeling. In addition to modelistandard geometry parts, it allows the
user to design complex free-form shapes such &slsiand manifolds. It also merges solid
and surface modeling techniques into one poweofll tet.

MODIFICATION-FRIENDLY USER INTERFACE BASED ON UNIGR APHICS
EXCEL SHEET — PRACTICAL EXAMPLE

A practical example of a mechanical component ahg&rnal combustion engine is presented
here. A piston pin was chosen.

Collecting informations about the analysed modeitl aeturn the input variable listThe
piston pin is used to transmit force generated dlfte combustion process from the piston to
the connection rod. After pre-dimensioning, theuinpariable list consists of length, outer
radius, thickness, longitudinal and radial chandfierensionsFirst level significant variables
are stated as follows (Fig. 1, Fig.2):

- lengthmm];
- outer radius [mm];
- thickness [mm];

The second level significant variablae stated as follows (Fig. 1, Fig. 3):

- the longitudinal chamfer dimensions [mm];
- the radial chamfer dimension [mm];

P Ausdriicke x|
rAufgelistete Ausdriicke ﬂ iz |
IBenannt jl j F2:
Name | Formel | Wert | Einheiten | Kommen
Chamfer_boolean_expresion 1] 0
chamfer_longitudinal_dimension 5 5 mm
chamfer_radial_dimenion 2 2 mm
lenght a1 a1 mm
Cuter_radius 12,5 12.5 mm
Thickness 4.5 4.5 mm
4] |

Lange

MName I Imm

% Lellell=

Formel I

al el 8] AlE &

QK I Anwenden I Abbrechen |

Fig. 1
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Fig. 2 Fig. 3

Boolean input variableO or 1. That input variable can activate (1) eactivate (0) the
chamfer (Fig. 1).

Establish the referencebere is the reference system in the middle op#re (Fig. 4).

Fig. 4

Define the modelling strategy

= simple CAD modelling;
= parametric method based on Excel input sheet (dphacs);

The modification-friendly user interface is a pofuétool wich allow the design engineer to
modify/optimize the design variables. That mearsd thstead of altering the model's sketch
to change the dimensions the values themselvessiogoly be altered in the Excel sheet.
After regeneration, the entire model will be auttinaly redesigned. After that it can be
exported to the integrated (or not integrated) FHEdMI and analysed. Should new
modification occur, the entire process can eaglydpeated.
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The modification-friendly self-featured interfacepresented in the Fig. 5:
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CONCLUSIONS

The modification-friendly self-featured interface Onigraphics is a very useful and powerful
tool. The design engineer has the possibility tsigle to optimize and to export the
optimized / modified model to the FEM software, totample. After that, through this self-
featured tool, it can be modifying and optimizechtoouously until a satisfying result is
achieved. Variability is another strong charactarjghe interface can be a adapted at any
time according to the new requirements. Despite #imple demonstrative example, this
application can be used for very complex assembligere the usual modifying sketches
procedure delayed the response. This optimizatrocegalure can be used to produce fully
automatically generated drawings. The drawings &l modified automatically each time
when the interface will be regenerated, togethén tie CAD model. The main advantage for
the FEM analysis is the repetitive computation camastics, which allow the same prescribed
load distribution over the new optimized lenght.isSTsimple and user-friendly self-made
powerful interface allows CAD modifications an FEalysis in a simple & effective way.
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