
International Journal of CAD/CAM Vol. 2, No. 1, pp. 55〜67 (2002) International 
Journal of 
CAD/CAM

www.ijcc.org

Bridging the gap between CAD and CAE using STL files
Francesco Bianconi*
Department of Industrial Engineering, University of Perugia, Perugia, Italy

Abstract 一 In many areas of industry, it is desirable to have fast and reliable systems in order to quic끼y obtain suita미e s이id 
models for computer- aided analyses. Nevertheless it is well known that the data exchange process between CAD modelers and 
CAE packages can require significative efforts. This paper presents an approach for geometrical data exchange through 
triangulated boundary mod아The proposed framework is founded on the use of STL file specification as neutral format file. 
This work is principally focused on data exchange among CAD modelers and FEA packages via STL. The proposed approach 
involves the definition of a topological structure suitable for the STL representation and the development of algorithms for 
topology and geometry data processing in order to get a solid model suitable for finite element analysis or other computer 
aided engineering purposes. Different algorithms for model processing are considered and their pros and cons are discussed. 
As a case study, a prototype modeler which supports an exporting filter for a commercial CAE package has been implemented.

Keywords^ data exchange, mesh geometry processing, CAD/CAE, solid construction STL

1. Introduction

The overall purpose of this work is to introduce an 
easy and fast system for CAD/CAE data exchange 
based on the STL format as an interchan응。file. As a 
consequence of the growing diffusion of stereolithography 
techniques, the STL format is currently widely 니sed in 
comp니ter aided design and manufacturing, and almost 
all commercial CAD packages provide exporting filters 
for this format. Moreover it has been demonstrated that 
STL models may also originate from reverse engineering 
tasks [10,17,9, 18]. The main advantages related to the 
use of this format, depend on its wide diffusion and on 
its "neutral" nature, which makes the exchange process 
independent of the original system.

A mechanical design scenario usually presupposes 
the presence of a solid model of a component which 
can be used for downstream applications s나ch as FEM/ 
CFD analysis, man나fact나ring processes, rapid prototyping 
applications and other purposes. The solid model usually 
is built directly using commercial CAD packages, but 
sometimes it may be an outcome of reverse engineering 
activities. In both cases there is a need to transfer such 
models in the specific CAE/CAM/RP environment. 
Different solutions, based on neutral file formats (IGES, 
STEP) or direct interfaces are available for data exchange 
among CAx environments. Each solution has its own 
pros and cons [16, 21]. The aim of this work is to 
investigate how STL files, which are now very popular, 
can be used for CAE activities such as FEM/CFD, and
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so as a "bridge" between CAD and CAE environments.
STL files can hardly be used for the described data 

exchange purposes as they stand: mainly because they 
do not represent solid models but just "bucket of faces" 
[4,25]; hit also because the object boundaries are usually 
too irregular to obtain efficient meshes to be used for 
computer-aided analyses. STL triangulations cannot be 
used directly for CAE (FEM/CFD) purposes either, 
because the elements are required to have a specific 
shape, proper size and proper quality factor for the error 
estimator of the calculation to be as low as desired [6].

The main objective of this work is to investigate 
proced니res to retrieve solid models, suitable for meshing, 
from STL mod이s. According to this purpose, the fol
lowing problems are discussed throughout this paper:

• Solid models construction from STL files;
• Development of suitable algorithms for model 

processing;
• Development of an exporting filter for a commercial 

CAE in order to put the proposed procedures into 
practice and to verify reliability of the proposed 
approach.

This paper begins (Section 3) describing the data 
struct니re and the algorithms proposed to retrieve a solid 
model from the data contained in a STL file. It then 
proceeds (Section 4) presenting the algorithms used for 
boundary simplification, which also involve the detection 
of multiple-connected faces. Section 5 describes how 
the resulting solid models can be conveniently translated 
into a commercial CAE preprocessor in order to produce 
suitable meshes for engineering analyses. After a brief 
description of the implementation (section 6), sections 
7 and 8 conclude this paper with some examples and 
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with a discussion on the reliability of the proposed 
approach.

We first give a brief literature review of the currently 
available approaches which are related to many of the 
algorithms proposed in this work.

2. Related research

A vast literature is available on triangular models 
processing procedures. In this brief literature review, 
we consider, mainly, those works which are directly 
related to the problem of reconstructing a solid model 
from a set of adjacent triangular faces (sometimes referred 
to as "bucket of faces” [25]), or which are focused on 
the description of algorithms for triangular meshes 
praxssing (simplification and geometry reconstruction).

The problem of retrieving topological infbnnation 
from a set of triangular planar faces has been well 
stated and analyzed by '故)zny and Rock [25, 24]. Their 
work, which is focused, mainly, on the STL format, is 
about model topology and how to derive it given a 
collection of unordered triangular facets which represent a 
valid model. A part of the present paper follows the 
planning given by these two authors, even if the 
topological representation chosen in this work is quite 
different.

Geometric algoritfims and data representation for s이id 
free form models were also discussed in the work of 
McMains [22J. The proposed system is based both on 
the definition of a new topological structure and on the 
implementation of analysis and clean-up tools for faceted 
B~reps on top of the described data structure. The 
described analysis module reports basic topological 
information about the part and checks the boundaries 
for crack돟. A clean-up module is also proposed in order 
to close cracks by means of intelligent vertex merging.

Barequet et al. [3J proposed algorithms for STL files 
processing, which enable both original data checking, 
repairing [4] and simplification. The checking procedure 
is founded on pathological c아】diti(m detection (flaws) 
and on their automatic or semi-automatic repair. Two 
different approaches are described for boundary sim
plification: diet, in which close vertices are unified into 
one vertex; trim, in which coplanar or nearly coplanar 
adjacent facets are united to form more complex facets.

With regard to triangular meshes processing, one can 
distinguish above all two main sets of procedures: simplif
ication algorithms, whose aim is the reduction of the 
overall number of facets while deviating as little as 
possible from the original geometry; reconstruction 
meOiods, who陶 intent is to fit a smootii surface over the 
original faceted grid. In some contexts those procedures 
are used together [28].

It seems difficult, anyway, to find works where such 
approaches are applied to geometric data transmission 
toward CAE systems in order to provide mod이$ which 
can be efficiently meshed for further an시ysis, This is 

mainly the problem we deal with in this paper.
Many different algorithms for triangulated models 

simplification have been recently proposed. Some of 
them appear very often in literature: facets merging 
where adjacent (coplanar or nearly coplanar) facets are 
merged to form more complex polygons; vertex clustering, 
where neighbouring vertices are compressed in a single 
entity; re-tiling, where vertices are removed from nearly 
flat zones to be placed over maximal curvature locations; 
controlled entity reduction, where vertices, edges and 
faces are iteratively removed considering geometric 
optimality criteria and energy-based criteria where an 
energy function which measures quality of reduced 
meshes is defined. A detailed survey of current available 
procedures can be found in [12].

Lots of work have dealt with the problem of surface 
simplification in order to increase rendering speed [12, 
11] and to enable fast transmission of geometric models 
in network-based environments.

Cignoni et al. [12, 1.1] developed systems for mesh 
refinement/simplification and provided a thorough 
description of current available methods [12].

Vblpin et 시. [28] described procedures both for mesh 
simplification and for smooth surface reconstruction. In 
the proposed approach the original triangular mesh is 
reduced to a set of cluster regions which are in turn driven 
into a boundary conforming FE quadrilateral mesh of 
the regions virtual faces. Mesh simplification is achieved 
by means of cluster growing. For each cluster an 
approximating plane is defined as the weighted average 
of the planes of the facets in the cluster. Three merging 
criteria are defined for cluster growing: bounded angle 
tetween adjacent facets, bounded distance between facets 
and chister plane, bounded angle between facets planes 
and cluster plane. The simplification procedures adopted 
in this work have similar themes, but are more focused 
on obtaining suitable solid models for 3D meshing, and 
do not use surface-fitting procedures.

Park and Kim [23] developed algorithms by which an 
approximating surface, represented by a G piecewise 
cubic triangular Bezier surface, is fitted directly over a 
tri죠nguiar grid.

Chen and Wang [10] worked on the optimization of 
those STL files that are directly constructed from 
digitized part data. According to their approach the 
triang비ar mesh is first simplified by removing some 
triangles, then an STL compliant re-triangulation is 
I^rformed and optimizM with a genetic algorithms based 
procedure. Inangle deletion is based on two criteria: one 
uses a scheme to arrange triangles in a priority order 
and then removes a fixed percentage of them; the other 
defines a maximum bounded enor as the maximum 
difference between the original and the reduced model.

The use of STL files for mesh generation has been 
recently proposed by Trochu et al. [6]. They described 
an approach to obtain meshes suitable for the finite 
element method directly from the STL representation. 
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The principle used to generate the meshes is based on 
the Delaunay method, enhanced by suitable refinement 
algorithms and smoothing. The described framework has 
been applied for surface mesh generation. The problem of 
consistency check is not addressed, since the STL input 
is assumed to be conforming.

In this work a simplification algorithm like that 
described in [3] has been adopted. Our approach is quite 
different because merging of adjacent faces is controlled 
not only by the dihedral angle, but also by the planar 
error of the resulting cluster. In addition we introd니ced 
an algorithm for multiple-connected faces detection and 
management.

3. Construction of a Solid Model from STL

STL files describe the tri-dimensional geometry of an 
object by means of a set of adjacent triangular facets 
[16, 15, 24]. Each facet is, in turn, defined by assigning 
both a normal vector and an ordered list of its three 
vertices. This order states which side of the facet contains 
the inside volume. The facets' solid side is also identified 
by the normal, so this information is redundant because 
it can be also obtained from the vertices order [20]. In the 
same way, vertices are redundant because the coordinates 
of coincident vertices appear several times as each vertex 
is defined in more than in one facet [16].

No explicit topological information is provided inside 
the STL format file. Anyway, as noted by Wozny [25], 
s니ch topological information can be quite useful for 
performing model validity checking and speeding 
subsequent model processing tasks. In order to check 
discrepancies inside 3D model we propose a boundary 
representation to verify the correctness of the starting data. 
The proposed representation is also useful for models 
processing.

STL checking is needed in order to ensure that 
subsequent processing operations will be performed on 
consistent solid (manifold) [21] models. We do not deal 
with model 'repairing problem which has been studied 
in other literature works [22, 25, 27, 5]. We assume also 
to consider, in this work, solids composed of one shell 
only [7].

3.1. The data structure
Due to the faceted nature of STL models, a graph

based B-rep representation has been adopted in this 
work. Boundary representation solid modeling schemes 
have been widely discussed in literature [19,16]. Similar 
to many other B-rep graphs, the structure proposed in this 
paper (Fig. 1) is a simply hierarchical representation 
based on the following entities: Vertex, Edge, Loop, 
Face. Solid.

According to this framework, each vertex is represented 
by its coordinates; each edge is a straight segment 
bounded by two vertices; each loop consists of a string 
of connected edges, properly oriented to form a single

closed curve with orientation; each face is represented 
by a list of references to one or more Loop. A Loop 
also holds, for each Edge inside its edge list, a flag 
which indicates the direction according to which each 
Edge must be traversed. The entire solid holds the 
containers for these entities. In this work we consider only 
one-shell solids, so no Shell entity is defined. Anyway 
the described algorithms are not invalidated by this 
assumption, and can they be easily spread out to two 
ore more shells solids. In order to enable easy model 
traversing, each entity holds one or more references to 
other entities which lie both on the higher and on the 
lower level in the hierarchy (e.g.: an edge contains 
references to the vertices it consists of, but it also 
contains references to the loops it belongs to) [7].

3.2. Structure building
The process of instantiating the above described 

struct니re with the data contained in a STL file involves 
the following steps:

1. Building a set of vertices, edges, loops and faces 
from the original STL data;

2. Deleting redundant vertices;
3. Deleting redundant edges;
4. Checking.

The first step is about the development of a simple 
STL file parser, which, for each face in the STL file, 
instantiates the following entities: three Vertex, three 
Edge,。다。Loop, one Face. Although the STL format does 
not explicitly define edge-like entities, these can however 
be defined associating them to the ordered couples of 
the vertices (1-2 2-3 3-1) of a face. These three edges 
define a sin이e Loop entity.

Different Vertex instances of coincident vertices must 
be now merged into a single instance (step 2). For each 
set of coincident vertices, only one Vertex instance is 
kept, while the others are deleted. Edges references to 
their vertices are then updated and redirected from the 
deleted items to the kept ones (Fig. 2).
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Fig. 2. Redundant entities removal.

The same procedure is used to delete redundant edges 
(step 3). Two edges are equal if their vertices references 
point to the same Vertex' entities. It must be noted, 
however [8], that for each Edge, regarding to the Loop 
it belongs to, a direction is also defined, which indicates 
which Vertex must be traversed first.

Equality between edges can be checked by comparing 
both the vertices of the first edge with both the vertices 
of the second edge. The following two alternative 
situations can occurr:

• The first vertex of one edge is equal to the second 
vertex of the other edge and vice versa;

• The first vertex of one edge is equal to the first 
vertex of the other edge, second vertex of one edge 
is equal to the second vertex of the other edge.

The first case (Fig. 3, picture B) is the correct one 
and the two edges can be merged in one single entity. 
Loops references to their edges are then updated and 
redirected as described for vertices compression. The 
second occurs when the original STL model holds 
inconsistent normals for one or more facets (Fig. 3, 
picture A).

Each Face is now represented by a sin이e Loop 
which, in turn, is represented by a list of three Edges. 
No compression is needed for Loops and Faces.

3.3. Structure checking
Model validity has been recognized as an important 

problem in solid modeling theory and CAD/CAM/CAE

Fig. 3. Comparing edges. Both Em the and En edges hold
references to the same vertices Vj and * Case A points out an error 
in the STL data (inconsistent normals). Case B is the correct one.

applications [26]. An invalid model describes a nonsense 
object which cannot be properly interpreted, analysed 
and produced. In an STL file defects usally result in 
gaps, inappropriate intersections, internal walls and 
inconsistent orientations. In this paper the main purpose is 
to deal only with shapes having a closed volume, or 
manifold mod이s in mathematical terminology [16]. In 
this work, in order to verify the consistency of the 
model, we check if the following rules are satisfied:
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1. Each Edge must be shared by exactly two Loops;
2. Each Edge must be bounded by two Vertices
3. Each Vertex must be shared by at least three Edges;
4. Each Loop must be bounded by a closed ring of 

Edges',
5. The Euler-Poincare rule must be satisfied:

where:

V-E+F~H+2P=2B (1)

• V number of vertices;
• E number of edges;
• F number of faces;
• H number of interior loops in faces;
• P number of passages (through holes);
• B number of bodies.

Conditions (1) and (2) can be checked simply by 
verifying that each Edge holds exactly both two 
references to different Loops and two references to 
different Vertices. Condition (3) can be easily verified 
by checking that each Vertex holds, at least, three 
references to different Edges. Condition (4) can be 
verified by checking that each Edge of the Loop is 
linked together with its adjacent and the first and last 
edge are linked together. Faces orientation has been 
already checked during the building process.

With reference to the condition (4), considering that 
there are only trian응ular facets H-Q), and assuming to 
consider only one body 8=1), equation 1 becomes:

V-E+F+2P=2 (2)

The parameter P, in general, is not known. It depends 
on the n니mber of through holes inside the model. Re
arranging equation 2 we get:
Q쁘브因 ⑶

which means that the model is invalid if the numerator 
of the right member is an odd number. If it is, verification 
of point (5) can only be performed if the number of 
through holes inside the model is known. A visualization 
kit has been developed to enable model inspection, in 

order to interactively verify the presence of through 
passages in the model.

If the STL file violates one of the above listed rules, 
it has to be discarded. This work does not deal with the 
problem of rapairing STL files, which can be faced 
using algorithms and software modules described by a 
number of authors in literature [3, 5, 2기.

4. Geometry and topology processing

4.1. Mesh simplification
The proposed algorithm for mesh simplification relies 

on the union of two or more triangular adjacent facets 
to form more complex poligons (clusters). Each cluster 
primarily arises from an initial triangular facet (seed) 
and then grows up acquiring its adjacent facets. The 
growing process stops when no more facets can be 
added to the cluster.

Each step is performed by means of the KEF Euler 
operator (kill- edge -kill-face), so any original valid 
model can be guaranteed to still be valid after each 
simplification step.

4.2. Mesh simplification control parameters
In the proposed algorithm almost coplanar adjacent 

facets, according to the clustering criteria described below, 
are merged to form clusters. The clustering criteria 
adopted in this work depend on the following clustering 
parameters:

1. Dihedral angle between the plane of the cluster 
and the plane of the face (angle tolerance, 0);

2. Flatness error of the resulting cluster defined as 
the maximum distance from a vertex of the cluster 
to its approximating plane (flatness tolerance, ^);

3. Number of edges of the resulting cluster (n).

Whenever the edges of the resulting cluster do not lie 
on the same plane, an approximating plane must be 
defined. Following the approach proposed [28], we 
considered the approximating plane as the weighted 
average plane of the planes of the facets in the cluster, 
with the weight given by the area of the facets.

According to these definitions, we propose the 
following clustering criteria which state when a growing 
cluster can acquire adjacent faces:

Fig. 4. Boundary simplification: adjacent faces are united to from more complex polygons.
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1. If the dihedral angle between the approximating 
plane of the cluster and the plane of the face is 
less than a given value (0*);

2. If the first' condition is satisfied and, in addition, 
the planar error of the resulting cl너ster is less than 
a given value (e；);

3. If the first condition is satisfied, apart from the 
second, if the overall number of edges of the 
resulting cluster is less or equal to a given value 
(疽).

According to the first criterion, the user supplies a 
threshold angle for the deviation between the direction 
of the cluster approximating plane normal vector and 

the normal vector of a facet below which the facet is 
merged [3] to the cluster. If the threshold angle is equal 
to zero, only coplanar neighboring faces are united. 
This very simple approach has some drawbacks. First 
of all, even if the chosen value for the angle threshold 
is very low, but not zero, not all the faces of the resulting 
cluster will lie on the same plane. In order to enable 
geometric data exchange toward CAE preprocessors [2], 
we must take into account that they usually require that 
if an area is defined by more than four lines, those 
lines must lie in the same plane. Moreover this 
simplification procedure may provoke unacceptable 
topological changes in the model specially if the applied 
tolerance is too high [3].

The above described problems can be partially solved 
by avoiding face trimming when the resulting cluster 
shows a planar error greater than a specified threshold. 
According to the second criterion the user supply both 
the 矿 and the 芍 values. The ep coefficient indicates 
how much a cluster deviates from planar geometry. The 
resulting ep value is elated to the chosen value for 0*, 
and, in general, the higher 伊,the higher is ep, as shown 
in Fig. 7.

It can be observed how the ep increase is not 
continuous, but, it rather exposes a step-by-step behavior, 
his is principally due to the faceted nature of the 
boundary surface. Because the facets normal direction 
does not vary continuously from one facet to the adjacent, 
in some cases, even if 0* increases, it can be that none 
of the clusters can acquire any adjacent faces because 
the actual dihedral angle is, in each case, greater than 
the current tolerance value. This shows how there are 
intervals where an 0* increase does not result in boundary 
simplification.

While the first two conditions are quite straightforward, 
the third one is quite cumbersome. In this case the 
basic idea is to consider valid non perfectly flat patches 
which are constituted by a low number of edges. 
Some preprocessing systems [2] are in fact able to 
manage quadrilateral patches even if their edges do not 

伊 (deg.) 리；in.)
0.0 0.0
0.1 0.000560
0.2 0.000560
0.3 0.000560
0.4 0.002547
0.5 0.002894
0.6 0.002894
0.7 0.002894
0.8 0.003345
0.9 0.003345
1.0 0.003345
1.5 0.011750

Fig. 7. Relationsip between 3* and ep for the model shown in the picture
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lie on the same plane. In other words this condition 
takes into account the circumstance that patches which 
are characterized by a planar error which exceeds 
should not be discarded since they could be conveniently 
managed by the CAE system which receives the model. 
Non planar patches made up by no more than four 
edges ai*e usually managed through Coons approximation.

4.3. Identification of the faces topology
Once the boundary simplification process 쵸bove 

described has been performed, each face is composed 
of a list of edges which may represent either a single
connected face or a multiple-connected face. For the 
puqx)se of this work, in order to avoid data exchange 
problems, it is useful to split this list into one or more 
lists each representing a sin이e closed loop.

It has been noted that if the described boundary 
simplification procedure is applied to a multiple-connected 
face, at the end of the process there is a certain number 
of edges which appear twice in the list. These bridge 
edges [16] represent a link between the loops of the 
face (Fig. 8, 2). Their number depends on how many 
loops appear in a given face [13]. The elimination of 
such edges (cleanup) is, according to the approach 
proposed in this work, the first step in the reconstruction 
of the topology of a face (Fig. 8, 3).

Once the cleanup task has been performed, loop 
search proceeds according to a brute-force approach 
based on edge adjacency. The first edge of the list is 
chosen as a seed for a new list and is removed from the 
original one. The other edges of the original list are then 
compared to the seed to check if they share a common 
vertex with it: if the comparison succeeds, that edge is 
both added to the new list (which becomes a new loop) 
and removed from the old one. Assuming now that 
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some edges of a loop have already been discovered, 
each edge of the list is then compared (checking for 
connection) with the last edge of the loop. When a loop 
is closed (i.e. the first and the last edge are connected), 
a new one is searched. This process terminates when 
there are no more edges in the original list.

If more than one loop have been discovered, the last 
step is about having to sin이e out which of them is the 
outer loop. Due to the planar or almost planar nature of 
the faces, it is assumed that the outer loop is the one 
which encloses the largest area. The outer loop can be 
stored at the first position in the list of the loops which 
belong to that face, so its topology is completely defined.

5. Exporting modehs into a CAE Package

Solid models which results from the boundary 
simplification and 흥eometfy reconstruction processes 
described in the previous sections, can be conveniently 
translated into a CAE preprocessor in order to obtain a 
suitable discretization for engineering analysis.

In this work, as a case study, a direct translator for a 
commercial CAE package1 has been developed. Data 
stored according to the proprietary structure depicted in 
section 3.1, are exported in the proprietary format of 
the CAE system.

XANSYS(R) Release 5.5,1

The Ansys preprocessor system [2], which has been 
the testbed for the implemented prototype, enables the 
construction of a solid model in a bottom up manner 
according to which, in order to build a solid model, one 
first creates lowest-order entities (keypoints) and then 
use those keypoints to define the higher-order solid 
model entities (namely, lines, areas and volumes). By 
means of this procedure it is quite easy to translate the 
described proprietary format (ref. ^c. 3.1) into the Ansys

Resulting geometry after 
edg&s cleanup

Reccnstructed topology

Fig. 8. Reconstruction of multiple-connected faces.



62 International Journal of CAD/CAM Vol. 2, No. 1, pp. 55-67

environment. Data exhange is performed by writing 
scripting files containing Ansys API (APDL Ansys 
Parametric Design language) calls [2].

5.1. The exportin응 procedure
The topological structure proposed in this work relies 

on a five-level hierarchical framework, whereas the API 
for bottom-up geometric modelling exposed by Ansys 
provide a four-level representation, as shown in Fig. 9.

There is a one-to-one mapping between Vertices and 
Keypoint^ Edges and Lines, Solids and Volumes. Each 
Loop is converted into an Area. For single-connected 
feces there is a one-to-one mapping between an instance 
of a Face and an instance of an Area. Otherwise a 
multiple-connected face is reconstructed by means of a

FINI !
/CLEAR Ulear old stuff
/PKEP7 Center preprocessing environment

***** KEYPOINTS ***** !keypoints definition 
K,1,21J588,11J55^ 44.7552

K,2,9.75876,11.4554,44.7552

set of Areas -each one representing a Loop- which are 
overlapped in order to describe the original topology of 
the face. While the definition of a Vertex instance requires 
only one instruction, the assignment of other entities, in 
general, involves more than one API call, as it is shown 
in Fig. 10. This is due to the following needs:

• Force the system to assign the correct ID for the 
new entities;

• Select groups of elements which are used to define 
higher level entities (e.g. the boundary lines which 
make up an area);

• Set the suitable boolean operations which define 
multiple connected faces (areas overlapping).

6. Implementation

A prototype version of the described framework has 
been implemented in C++ on Windows NT2 4.0 platform 
at the Industrial Engineering Department, University of 
Perugia. The modelling core of the pro-totype is founded 
on an object-oriented framework based on the classes 
depicted in Fig. 1. This approach enables easy software 
extendibility for further developments. The current 
implementation also incorporates a model viewer which 
is based on the OpenGL library [29,1].

2Windows NT is a registered trademark of Microsoft Corporation

The above pictures (Fig. 11 and 12) are screenshots 
from the developed software showing the results of the 
structure checking algoritms applied to a consistent 
model (Fig. 11) and to an inconsistent model which 
contains a flaw in its boundaries (Fig. 12).

7. Sample run

A typical application of the procedures and algorithms

!***** LWS ***** Hines definition

MSTR,H^,1 forcing correct line ID assignment
1,1,2 I straight edge
MJMSTR,line,2

片"* AREAS ***** !areas definition
CSKP,Hf0,1,2,3 &

CSYS,H ! defining local coordinate system
NUMSTRf area；1 forcing correct area ID assignment 
LSEL^Szline,,! !
LSEL,a,lineM2 !

LSEL0Hns9 .'selecting boundary edges 
LSEL/aUWzJ !
AL, all /efining area

!***** OVERLAP AREAS ***** Ureas overlap
AOVLAP, 541,543,542
A0VLAP,54<,545

DELETE OLD AREAS ***** Ureas cleanup
ADELE,541
ADELEf543

「***** CREATE VOLUME ***** *volume definition
VA,all

Fig. 10. A sample of an automatic generated scrip춭 for Ansys. Fi흠. IL Sample of a consistent model.
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Fig. 12. Sample of an inconsistent model.

decribed in the previous chapter should be accomplished 
in the following steps:

1. STL file loading;
2. STL file checking (discard the file if it contains 

errors);
3. Set out of the appropriate control parameters values 

(ref. section 4.2)
4. Application of the boundary simplification 

algorithms;
5. Transmission of the resultin응 solid model to the 

Ansys preprocessor.

In the first and second steps, the system reads an STL 
file (in ASCII format) and checks its validity. If the 
files contains errors, it has to be discarded (ref. section 
3.3). The third step is about having to set the proper 
values for the boundary simplification procedures, as 
described in section 4.2. Such parameters depend on 
the geometry of the model which is to be processed, 
and their optimal values are usually found after a 

certain number of trials. After the boundary simplification 
algorithms have been applied, the model can be exported 
as a macro (Fig. 10) readable by the Ansys system.

The following pictures show some results of the data 
exchange process from CAD to FEM applied to a number 
of mechanical components. Figures from 13 to 16 show, 
in ord备,the original CAD model, the STL model, the

Fig. 14. Triangulated model (STL).

Fig. 15. Triangulated model after processing (proprietary format).

Fig. 16. Tetrahedral mesh for finite elements analysis.Fig. 13. Original CAD model.
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Fig. 20. Tetrahedral mesh for finite elements analysis.Fig. 17. Original CAD model.

Fig. 18. Triangulated model (STL). Fig. 21. Original CAD model.

Fig. 22. Triangulated model (STL).Fig. 19. Triangulated model after processing (proprietary format).

solid model reconstructed from the STL file after 
processing and the tetrahedral mesh obtained in the 

Ansys preprocessing environment. Other examples are 
shown in the Figures from 17 to 28.
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Fig. 23. Triangulated model after processing (proprietary format).

Fig. 26. Triangulated model (STL).

Fig. 27. Triangulated model after processing (proprietary format).

Fig. 25. Original CAD model. Fig. 28. Tetrahedral mesh for finite elements analysis.
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8. Results and discussion

Many tests demonstrated how the proposed algorithms 
performed in consistency check and boundary sim
plification applied to triangulated boundary models 
(STL). The algorithms can be conveniently used in order 
to produce solid models suitable for further discretization 
for finite element analysis or other CAE purposes.

The proposed approach can be used as a means for 
easy and fast data exchange of 3D models between 
different engineering environments. One of the main 
advantages is the neutral nature of the STL specification, 
which makes the described process independent from 
the system by means of the STL file was generated.

The best results are obtained for those models whose 
boundaries are composed of a large number of simple 
surfaces such as planar surfaces, or cylindrical and conical 
surfaces, as detailed in [7]. In such cases the proposed 
algorithms can produce very suitable models for solid 
mesh discretization. This is less certain for those models 
which contain more complex geometries such as free
form surfaces. In such cases, in order to obtain a 
"meshable" model for CAE analyses, it is probably better 
to reduce the initial triangular mesh to a quadrilateral 
mesh rather than trying to make every effort in order to 
re-fit a smooth surface on it.

A possible development of this work could be the use 
of different tolerance parameters, both for boundary 
simplification and for geometry reconstruction, in the 
different zones of the model. It should be noted, moreover, 
that a sophisticated system might be able to adaptively 
adjust tolerance values. In order to improve computational 
efficiency, a parallel approach [14] could be conveniently 
introduced for the described algorithms for boundary 
elaboration.
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