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Abstract 
In order to achieve results that are reliable when using the finite element method one has to 
use an acceptable element mesh with respect to the shape and size of the elements. As a help 
to produce an acceptable mesh there are quality criteria that must be fulfilled in most pre-
processors.  
 
One objective with this thesis is to perform a sensitivity study that can be used as a basis for a 
Mesh guideline for chassis parts which is requested from engineers at Volvo 3P. The software 
used in the sensitivity study is ANSA as pre-processor, Nastran as solver and Metapost as 
post-processor.  
 
In the first part of the sensitivity study three different models are used for studying quality 
criteria such as aspect ratio, skewness, mid point alignment, mid point deviation and element 
size. Solid elements of second order, which are used in the three models, can be generated in 
two ways, which constitutes another part of the sensitivity study. They may either be 
generated from the beginning or can be converted from first order elements. This means 
geometrically that if second order elements where generated from the beginning the element 
mesh would follow the shape of the component in a better way compared to the other method. 
 
Recently a pre- and post-processing program called SimLab was introduced on the market. 
Since SimLab supports geometry import from several CAD-systems without loss of feature 
information, the automatic element mesh generation is supposed to be better as the mesh 
generator has access to more information concerning the geometry. An evaluation of SimLab 
is the second major objective of the thesis. More specifically, the evaluation concerns the 
possibility of using the software at Volvo 3P. 
 
Results show a surprising insensitivity regarding the criteria and that the method of generating 
second order elements from the beginning is to be preferred. SimLab is a new program with 
big potential and the conclusion is that it is possible to use it at Volvo 3P. 
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1 Introduction 

1.1 Volvo Group 

As a world leading company in transport solutions the Volvo Group serves customers in 180 
countries. According to the Volvo Group intranet (2007), the companies within the business 
areas, see Figure 1.1, delivers products such as trucks, buses, construction equipment, 
drivelines for boats, engines for industrial applications and parts for aviation and space 
industry.  

 
 

Figure 1.1 Organisation chart over the Volvo Group (from Volvo) 
 
Over 99 000 people are employed in the Volvo Group and the companies turnover in 2006 
reached approximately SEK 250 thousand million. The product related companies in the 
group consist of the business areas Volvo Trucks, Renault Trucks, Mack Trucks, Nissan 
Diesel, Volvo Aero, Volvo Penta, Volvo Construction Equipment, Volvo Buses and Volvo 
Financial Services. Within the Volvo Group there are businesses units supplying the 
producing companies with services, and among them is Volvo 3P.  

1.1.1 Volvo 3P 

As a business unit within the Volvo Group, Volvo 3P serves the truck companies, see Figure 
1.1, in the areas Product Development, Product Planning, Purchasing and Product Range 
Management. The truck companies consist of Volvo Trucks, Renault Trucks, Mack Trucks 
and Nissan Diesel. Volvo 3P has 3000 employees in mainly four locations around the world.  
 
The product development department offers the truck companies products that are satisfactory 
and fulfil the demands of their customers. Since the competition is extremely strong the 
expectations are high on the product and the related services. 
 
The department of product planning cooperates with the truck companies in order to suggest 
product plans and strategies to produce competitive products. 
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The product range management takes over the responsibility after the product planning 
department. They are responsible for the management of the projects until the complete 
product is ready for delivery.  
 
The focus for the purchasing department is to provide the truck companies with high quality 
products from suppliers which fulfil the requirements from the Volvo Group.  

1.2 Background 

Development of a new truck signifies several calculations on each component due to 
variations in for example load conditions. In the calculation process the finite element method 
is used to investigate the behaviour of the component under different situations. 
 
When using the finite element method, a set of coupled partial differential equations are 
replaced by a linear or non-linear equation system which is easier to solve. In order to achieve 
an acceptable result when using the finite element method it is important to use an element 
mesh that keeps the assumptions as small as possible. This can be controlled in different 
ways.  
 
Firstly, the engineer needs to use an element type that is suitable for the specific geometry and 
the applied load. Besides using the right element type, it is important not to forget the effect 
that element size and distortion have on the results. By using element quality criteria the 
quality of the generated mesh can be ensured and reliable results can be achieved. 

1.3 Objective 

The most time consuming part in the calculation process is the mesh generation and therefore 
large savings can be made in this area. Guidelines for the meshing procedure can be a tool to 
achieve an increase in efficiency. Distorted elements affect the calculated results and the 
objective of this report is to find criteria that ensure an element mesh that are good enough.  
 
The mesh criteria are today integrated in the mesh guidelines used by Volvo 3P and they are 
not satisfactory. The guidelines need to be validated and upgraded and that is the reason why 
the authors of this master thesis were asked to produce a basis for the new improved mesh 
guidelines. 
 
Today ANSA, see ANSA (2006), is used for solid meshing at Volvo 3P but, according to the 
engineers, ANSA is inefficient in this case. Volvo Powertrain uses another tool for solid 
meshing called SimLab and according to them this software is less time consuming which 
implies possibilities for saving time. Since the development of SimLab in the beginning was 
concentrated to engine parts, the primary goal of this investigation is to find out whether it is 
possible to use the software in solid modelling at the chassis department at Volvo 3P, and to 
investigate the batch meshing possibilities. 

1.4 Procedure 

The work is divided into two parts. The first part is a sensitivity study in ANSA based on 
element mesh criteria parameters that are set to control the element mesh quality. This is done 
by provoking an element mesh to a level that exceeds the demands in the element quality 
criteria. Selected levels are based on levels recommended in Bengtsson (2003) used by 
engineers at Volvo 3P.  
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To relate the study to reality, a model of a spring anchor is used. Interesting areas appear 
when a small radius is exposed to a bending force. Since the geometry in the spring anchor is 
complex, this situation is difficult to achieve. That is also the reason for constructing two 
additional models. By analysing the results at different levels of provocation it is possible to 
draw conclusions regarding the sensitivity of element mesh quality criteria.  
 
The second part of this work concerns the evaluation of the meshing tool SimLab, see SimLab 
Help (2007). Focus is set on the batch meshing possibilities and also the applicability of the 
program. SimLab imports not only geometry but also features information declared in the 
CAD systems during the design stage which the used programs at Volvo 3P not do. 
According to SimLab Corporation, this is one of the benefits that make their software better 
than their competitors’.  
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2 The Finite Element Method 
The basic idea of the finite element method is to divide the examined structure into a large 
number of small elements. By discretizing the structure, the calculations turn out to be 
comparatively easy to perform. The elements are connected to each other by nodes on which 
boundary conditions also can be applied.  
 
Displacement approximations in each element lead to a set of algebraic equations that 
describe the relation between displacements and forces of the element nodes. When solved, 
this set of equations will give the displacements of the structure in the global coordinate 
system. When one has to handle a large number of equations, matrices are very useful. By 
dividing the structure into even smaller elements the approximation error can be decreased 
but the cost in computer time will increase. 
 
According to Burrows (1986) one must be aware that the finite element method uses 
approximations in different stages. Thus a misuse of the method will lead to poor answers. 
There are a few things according to Cook et al. (2002) that are likely to lead to ill-
conditioning which engineers have to consider when creating a model. Two examples are 
when a stiff part or region is supported by a more flexible or softer one and when Poisson’s 
ratio approaches 0.5. Conclusions drawn from poor answers can be devastating and therefore 
the engineer must have an understanding of the major sources of error within an analysis. 

2.1 Fundamental Steps of the Finite Element Method 

In each element in the structure, a displacement assumption that describes the relationship 
between element node displacements, {d}, and the displacements in an arbitrary point, {u}, is 
adopted. This relationship is manifested by the shape function matrix, [N].  
 

{ } [ ]{ }eee dNu =     (2.1) 

 
The strain components can be found as derivatives of the displacements, and are therefore 
also functions of the derivatives of the shape functions. These derivatives are found in the 
strain-displacement matrix [B]. 
 

[ ] [ ]{ } [ ][ ] }{ [ ]{ }eeeeee dBdNu =∂=∂=ε    (2.2) 

 
• The first step in the method is to calculate the stiffness matrix, [Ke], for elements in 

the structure. The stiffness matrix is calculated from the strain-displacement matrix, 
[Be], and the matrix of elastic stiffness [Ee]. When the elements are slightly distorted, 
the relation is  
 

[ ] [ ] [ ][ ]∫=
v

ee

T

ee dvBEBK     (2.3) 

 
In order to handle this integral, an isoparametric formulation is generally used.  
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Figure 2.1 Transformation from a global to a local coordinate system 

 
In the isoparametric formulation a coordinate transformation of element is performed, 
which is described by the Jacobian matrix [J]. In the transformation from a global 
coordinate system to a local coordinate system, see Figure 2.1, the determinant of the 
Jacobian matrix is needed, |J|. This implies that there is no problem to calculate the 
stiffness matrix for the distorted element according to Equation 2.4 (expressed for a 
2D element). 

 

[ ] [ ] [ ][ ] [ ] [ ][ ]∫ ∫∫ −−
== ηξ ddtJdv ee

T

e

v

ee

T

ee BEBBEBK
1

1

1

1
 (2.4) 

 
• The stiffness contributions from each element, [Ke], are assembled into the global 

stiffness matrix [K]. 
 

[ ] [ ]eeA KK =     (2.5) 

  
 where Ae is a mapping function. 
 

• When the global stiffness has been set up, the unknown nodal displacements {d} can 
be calculated for the applied forces {R}. 

 
[ ] }{ }{RdK =      (2.6) 

 
• In cases where the stresses are to be calculated one can use Hooke’s law which holds 

for an elastic material. 
 

{ } [ ][ ] [ ][ ]{ } [ ][ ][ ]{ }dCBEdBEE eeeeeeeee === εσ   (2.7) 

 
where [Ce] is the elemental connectivity matrix. 

ξ2 

ξ1 

ξ2 

ξ1 

y 

x 
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2.2 Element Types 

In order to achieve a satisfactory result the engineer must use elements that suit the geometry 
of the structure and the applied load. It might be obvious that the more complex the elements 
are, the better the solution will be. One has to be aware of that the calculation time increases 
dramatically with the complexity of the elements. The order of the terms that describes the 
displacement field in an element is a measure of its complexity. In Table 2.1 different element 
types are presented. 
 

Table 2.1 Terms in different element types describing the displacement field 
 

Terms CST     LST 

                

Constant 1   1 

Linear x y   x y 

Quadratic - - -   x² xy y² 

                

 
 

Even if computers nowadays are fast it is still possible to overload the solver by choosing 
elements that are too complex. When the geometry is simple it might be suitable to use linear 
first order elements but in a model with complex geometry then higher order elements must 
be used. The quantity that is to be calculated also affects the choice of element type. For 
example, the stress calculation is more sensitive to a bad element mesh than the displacement 
analysis.  
 
This thesis focuses on the use of solid elements. Engineers at Volvo 3P mostly use the pre-
processor ANSA developed by BETA CAE Systems and this software uses first and second 
order triangular or quadratic elements. The triangular and tetrahedral elements are useful for 
meshing complex surface and solid geometries respectively. The components meshed at 
chassis department in Volvo 3P are almost exclusively meshed as solids and have complex 
shapes. Therefore triangular and tetrahedral elements are in focus for this thesis.  

2.2.1 First Order Elements 

The first order element is based on corner nodes and therefore represents a linear 
displacement field. This implies, according to Equation 2.2, that the strain is constant over the 
element and that is the reason for the commonly used name for the triangle, constant strain 

triangle (CST), in a two dimensional case. This element has two degrees of freedoms in every 
node and is a so called membrane element. The two degrees of freedoms are translation in 
two directions. The CST element does not have the rotational degree of freedoms that the 
shell element has and this is why the CST element is not able to carry any bending loads. 
Since the first order element highly overestimates the stiffness, it is not recommended.  

2.2.2 Higher-Order Elements 

Higher-order elements is a generic name for the elements that are of higher order than the 
first order element. The order is proportional to the number of nodes the element is based on, 
see Figure 4.1. The second order element has the same corner nodes as the first order element 
and also nodes that are located in the middle of the element edges, so called mid nodes. This 
means that the displacement field is quadratic and the strain field is linear which explains the 
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name in the two dimensional case, linear strain triangle (LST). Higher-order elements can 
also contain internal nodes which make them so called Lagrange elements. 
 
If the strain field is linear, the stress field is also linear for an elastic material according to 
Hooke’s law, see Equation 2.7. This means that stress and strain can vary linearly over the 
element.  
 
In an element of even higher order the stress, strain and displacement will be described by 
higher order polynomials.  

2.2.3 Solid Elements 

In cases where a solid component is to be represented in a finite element model, solid 
elements are commonly used. Four triangular elements connected together will form a solid 
element shaped as a tetrahedron. The tetrahedral element has four corner nodes but depending 
on order it can also consist of nodes on the element edges, see Figure 2.2.  
 

 
Figure 2.2 Tetrahedron of (a) first and (b) second order 

 
The behaviour is the same for the tetrahedral element as for the triangular element which 
means that the stiffness is highly overestimated when the first order approach is used. As for 
the membrane elements, the tetrahedrons of first order are not recommended. 
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3 Convergence 
The sensitivity study that is to be done in this thesis will require a converging result. Based on 
the results in the different levels of distorted elements the authors are able to draw 
conclusions of mesh quality criteria parameters that are thoroughly described in Chapter 4. In 
order to end up in a converging result one has to be ensured that the element mesh fulfils the 
Convergence Requirements. 

3.1 Convergence Requirements 

In general, one can expect that the finite element solution will converge towards the exact 
solution with increasing numbers of elements or with increasing order of the polynomial in 
the element displacement field. However, there are requirements that need to be fulfilled to 
ensure monotonic convergence to take place according to Sunnersjö (1999). If the following 
requirements are fulfilled one can expect convergence. 
 

• The element must be able to represent constant strain which is evident in cases where 
small elements are used. Small elements signify that strains are close to constant over 
the element. 

• The element must be able to represent rigid body motion without any arising stresses 
within it. For example, a beam is clamped in one end and loose in the other and a 
point load is applied vertically on the middle. Then an element in the loose end must 
be able to move without any stresses are raised within it. 

• In order to avoid gaps, adjacent elements must be compatible which means that the 
connecting nodes have the same possibility to move as the concerned element nodes.  

• The element properties must be frame invariant or geometrically isotropic meaning 
that the behaviour of the element is independent of the coordinate system. 

 
Elements that do not fulfil these requirements can still converge towards a correct result. 

3.2 Convergence Deviations 

The solutions of the structural equations, see Equation 2.6, are considered to be exact. If the 
stiffness matrix is well conditioned, the solution will have an accuracy that only differs with a 
rounding error which is acceptable from an engineer’s point of view. In general, the 
approximations consist of two errors: Discretization errors and errors occurring in the 
numerical integration of the element stiffnesses. Discretization errors include the error raised 
from approximations made when the structure is represented by discrete elements. 
Additionally, the programmer of the code will contribute with an error raised from the 
element presentation such as shape functions, transformations, etc. The engineer will also 
contribute with errors raised by the selected element size and shape. 
 
Using the calculated average value of an element will according to Sunnersjö (1999) in 
general cause a higher rate of convergence than values calculated in certain points in the 
element mesh. The reason for this is the way the stiffness matrices are calculated, see 
Equation 2.3. The strain-displacement matrix [B] generally contains linear or parabolic 
functions which describe the values in the points and they are approximations. But the 
element stiffness matrix [Ke] is integrated and convergence will be achieved for all elements 
that fulfil the requirements stated previously. By fulfilling these requirements one can expect 
that the stiffness of the structure will be overestimated and the solution will converge from 
beneath which is not always true for values in certain points. 
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3.3 Convergence Rate 

A discretization error is the difference between a mathematical model and the finite element 
model. The mathematical model can be considered to be an element mesh with element length 
zero but the finite element model is based on, as described above, discretization of a structure 
which ends up in a finite number of elements. This discretization leads to assumptions which 
will generate an error.  
 
The assumptions are based on polynomial expansions and that elements with a characteristic 
length, h, are used. The order of convergence is determined by the highest order of complete 
polynomial of the element. For a general case, let this order be k. The relation between the 
mathematical solution u and the finite element solution, uh, is according to Bathe (1996) given 
by 
 

k

h ch≤−
1

uu     (3.1) 

 
where c is a constant that is independent of h. In Equation 3.1 one can see that the constant k 

is a measure of the convergence rate. The constant c is dependent of the elements used and 
therefore also on the geometrical distortion of the element. If the constant c is large, one can 
understand that the error will be small only with small values of h. This implies that the only 
way to keep the convergence rate constant in a distorted mesh is to use small elements. In 
order to investigate the influence of the distortion one can use large elements, which is done 
in Chapter 4.2. 
 
A rule of thumb mentioned by Sunnersjö (1999) is that linear elements has a convergence 
exponent k = 2 and for parabolic elements k = 3. This holds for general case but for structures 
with holes experiments shows that the exponent increases. The reason is that a dense element 
mesh in this case not only can handle stress gradients in better way but that it also represents 
the curvature of the hole. The conclusion drawn from this is that the rate of convergence is 
clearly depending on the type and shape of the elements. 
 
When the requirements, discussed above, for monotonic convergence are fulfilled one can see 
that the rate of convergence is based on the polynomials that are present in the element. The 
CST and LST elements are based on polynomials of first and second order respectively, see 
Table 2.1. 
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4 Distortion of Elements 
One can read in Chapter 3.3 that the distortion of the element may affect the convergence of 
the result.  Elements are constructed to be used in their original shape and when they are, one 
can expect an acceptable result. Complicated geometries make this condition impossible to 
fulfil and distorted elements are inevitable.  
 
Distortion will not automatically lead to poor results. Results are clearly dependent on 
element type and load conditions. According to Sunnersjö (1999) a rule of thumb in this sense 
is to generate a mesh so that it follows the stress field and the elements are exposed to 
constant stress. Tests made by Bathe (1996) shows that stresses and displacements can be 
calculated exactly in this case even with distorted elements. In complex geometries it is 
impossible to avoid bent elements. According to Cook et al. (2002), distortion generally 
stiffens the elements and also degrades the stresses but this is clearly dependent on the used 
element type.   

4.1 Measurements of Distortions 

The main focus in this thesis is to perform a sensitivity study for four types of distortion 
measures: aspect ratio, skewness, mid point alignment and mid point deviation. The reason for 
this focus is that these measures are frequently used in calculations at Volvo 3P and the 
definitions are according to ANSA (2006). Another measure that is used is the Jacobian 
which measures the distortion in a more general sense and is clearly dependent on the other 
parameters.  

4.1.1 Aspect Ratio 

The aspect ratio is the ratio between the longest and the shortest element sides which can be 
seen in Figure 4.1. 

 
Figure 4.1 Aspect ratio according to IDEAS (2007) 

 
 

li 

i = 1,2,3 

Aspect ratio = 
)min(

)max(

i

i

l

l
 

li 

i = 1,2,...,6 
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hi 

4.1.2 Skewness 

In a perfectly shaped element each angle is 60° for triangular elements. The deviation from 
this is called skewness, see Figure 4.2. For a solid element the skewness is according to 
IDEAS (2001) called stretch, see Figure 4.2, and is a measure based on the radius, R, of the 
enclosed sphere and the maximum side length, l.  
 

 
Figure 4.2 Skewness according to IDEAS (2001) 

 

4.1.3 Mid Point Deviation 

A second order meshing procedure will cause problems when a complex geometry is 
modelled. In cases when the mid node deviates from the straight element edge, the mid point 

deviation measure is used to control this, see Figure 4.3. 
 

 
 
 
 
 
 
 
Figure 4.3 Mid point deviation according to IDEAS (2001) 

 

4.1.4 Mid Point Alignment 

Similarly to the deviation described above the mid node can be displaced towards a corner 
node along the element edge. This measure is called mid point alignment, see Figure 4.4. 

Skew angle = 90º - φ < 30 º Stretch = 
)max(

24

il

R
 

li 

i =1,2,...,6 

Mid point deviation = max 100⋅








i

i

l
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4 Distortion of Elements 

 

13 

 

                          
 
Figure 4.4 Mid point alignment according to IDEAS definition 

 

4.1.5 Jacobian 

In distorted elements the integration points have moved from their positions in an ideally 
shaped element. The ratio between the largest and the smallest movement within an element 
is the jacobian value, and for a perfectly shaped element the jacobian value is 1. The jacobian 
value is often used as a general measure of distortion in a pre-processor since it is clearly 
dependent on the other distortion measures. This is the reason for the authors to exclude it 
from the sensitivity tests.   

4.2 Influence on the Discretization Error 

In Bathe (1996) a simple test of a beam bending problem shows that the predictive capability 
is clearly dependent on the polynomial order of the element used. Eight-node and nine-node 
elements are used in this test. The reason for this is that the distorted isoparametric elements 
are not able to represent the same order of polynomials in the physical system as when the 
undistorted dittos.  
 
According to Bathe (1996), the eight-node undistorted element gives the exact solution 
compared to beam theory but when it is replaced by two distorted elements the error is 
significant.  
 
In this case, when the elements are distorted, the nine-node element is able to represent the 
displacements exactly but the eight-node cannot. This is due to that the eight-node element 
lacks the quartic terms to represent the physical coordinates, see Table 4.1. 
 

Table 4.1 Terms representing the displacement field 
 

Terms Eight-node   Nine-node 

                   

Constant 1  1 

Linear x y  x y 

Quadratic x² xy y²  x² xy y² 

Cubic  x²y xy²    x²y xy²  

Quartic             x²y²    

                   

 

i = 1,2,3 

ai 

bi 

Ca = 
ii

i
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a

+
 

 
Cb = 
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i
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b

+
 

 Mid point alignment = min ( ) 100, ⋅ba CC  
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5 Finite Element Analysis 
The finite element analysis (FEA) is performed by computer programs and the procedure is 
divided into three steps, pre-processing, numerical analysis and post-processing. In most 
cases the cycle must be according to Sunnersjö (1999) worked through a number of times 
until a satisfactory result is achieved. 

5.1 Pre-Processing 

The pre-processing part consists of building up the geometrical model, often from a given 
CAD-geometry. This process can imply a clean-up of the geometry depending on how 
suitable for meshing the structure is. The element type has an important role in the analysis. 
This must be considered in the pre-processing stage and the generation of the element mesh 
can, in general, be performed in two ways, “free meshing” and “mapped meshing”.  

5.1.1 Free Meshing 

The Free Meshing algorithm, see Figure 5.1, is an automatic generator. The parameter that 
has to control the element mesh generation is normally the maximum element length. On the 
basis of this the generator is free to use whatever element type or size. The target is to 
generate a mesh with as few distorted elements as possible and usually the generator uses 
triangular and tetrahedral elements since they are more easily suited to a complex geometry. 

5.1.2 Mapped Meshing 

Mapped meshing is an algorithm that generates a selected number of elements with an 
appearance of a rectangular split into two triangles, see Figure 5.1. The number of elements is 
specified in two directions and therefore the generated mesh will be regularly shaped.  
 

 
Figure 5.1 Two different ways of generating an element mesh 
 

5.1.3 Mesh Quality Criteria 

In order to create a mesh that generates a satisfactory result, the mesh quality criteria are 
useful. The criteria are based on the distortion measures described above together with the 
element length. These are set by the engineer and are used in the quality check of the element 
mesh in the pre-processing program before the boundary conditions are applied. Elements that 
violate these criteria must be regenerated by the engineer and it can be regulated for example 

Mapped meshing 

Free meshing 
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by an increase or decrease of the element size. The criteria are based on the distortion 
measurements presented in Chapter 4.1. 

5.2 Numerical Analysis 

In general, the analysis is separated from the pre- and post-processing parts and performed in 
a separate computer program. This program automatically generates and calculates the 
requisite matrices for each element. After assembling every single element stiffness matrix to 
a global ditto, the finite element structure is represented by a large equation system. By 
solving the equation system, described in the FEM section earlier, the solver is able to 
generate output data describing displacements and stresses, etc. 

5.3 Post-Processing 

Evaluations of the results are done by importing and visualising the output data from the 
numerical analysis into the post-processor. From this the engineer can make conclusions or 
create plots of calculated quantities. 
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6 ANSA Sensitivity Study 
The main target of the sensitivity study is to investigate how element quality measures 
influence the stress result. In general, a lot of time could be saved if a meshing guideline 
could be developed.  This is due to the possibilities to automation or outsourcing. A guideline 
lets the engineer generate an element mesh without spending too much time and still ensure a 
good mesh quality. Since the authors of this report are fairly new to meshing, the levels 
chosen on the mesh quality parameters are based on the values set by Bengtsson (2003). 
 
The mesh generation in ANSA is not only dependent on the element mesh criteria set by the 
engineer but also, in cases using a second order mesh, how the second order surface mesh is 
generated. The mesh quality criteria are to be based on experiments performed in this thesis 
showing the sensitivity of the mesh for different element lengths and also for distortion of 
elements.  
 
The element growth factor and the aspect ratio that controls the volume meshing procedure 
are not fully investigated. This is because these two parameters did not give any 
unequivocally response, probably because they are threshold values and not target values. A 
given value on the aspect ratio parameter did not necessary give the same aspect ratio in the 
volume mesh.  
 
In order to prevent influences from surrounding elements it is important to keep the 
surrounding area more or less the same for a fair comparison. If the surface meshes in the 
surrounding area are more or less left unchanged in the different tests, the volume mesh in the 
different tests should not differ excessively from each other. 
 
Larger diagrams showing stress are also attached in full size in Appendix A under the same 
figure numbers as in the report. 
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6.1 Finite Elements Models 

Three different models are used in the sensitivity study. The first model, Model 1, is a spring 
anchor that exists in reality and can be found on trucks with a high frame section. The second 
one, Model 2, is a simple model constructed to generate a pure stress concentration in a radius 
when a bending force is applied. The third model, Model 3, is made to verify an elementary 
case using stress concentration factors for a circular hole. 
 
In all models triangular and tetrahedral elements are used. These element types can be of first 
or second order.  
 
Nastran calculates the stresses in the element nodes by extrapolation from the integration 
points. Von Mises effective stresses presented in all of the analyses are calculated at the 
nodes, so called nodal values according to Metapost (2007). More precisely the nodal value is 
an average of the contribution to that node from the surrounding elements, see Figure 6.1. 
 

 
Figure 6.1 Stresses at nodes are average values based on surrounding elements 
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6.1.1 Model 1 

The first model used is a spring anchor that is attached to a frame. To the spring anchor a 
cross member is connected, see Figure 6.2. This cross member carries the front part of the 
engine in the truck. Connections between the parts are made by bolts or rivets. The frame and 
the cross member are typically meshed with shell elements but the spring anchor is modelled 
with solid elements.  

 
Figure 6.2 The spring anchor is the link between the cross member and the frame 

 
 

 
Rivets that connects the component to the surrounding parts are modelled with rigid bar 
elements, a bar element and two reference nodes. The rigid bar elements connect the reference 
node to the inner surface of the hole. The reference node is placed at the centre of the hole. 
The corresponding hole on the component being connected have in the same way a reference 
node and several rigid bar elements.  A bar element connects the two reference nodes.  
 
Two different load cases are used and the forces are applied on the white bar in Figure 6.2. 
The first load case (denoted LC1) consists of a load of 30 kN and it is applied in the negative 
z-direction. In the second load case (denoted LC2) three forces and two moments are applied. 
The forces are 7 kN, 23 kN and 24 kN in negative z-, negative x- and negative y-direction, 
respectively. The two moments are 1.24 kNm and 5.80 kNm around z-axes and y-axes, 
respectively. The frame ends are clamped and for the cross member symmetry conditions are 
used, implying locked translations in the x-direction at the loose end.  

Frame 

Cross member 

Spring anchor 
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 When the LC1 is applied to the model, an interesting stress concentration appears, see Figure 
6.3. 
 

 
Figure 6.3 A stress concentration appears when LC1 is applied 

 

Another situation arises when Model 1 is used and LC2 is applied. A stress concentration 
appears and can be seen in Figure 6.4. 
 

 
Figure 6.4 A stress concentration appears when LC2 is applied 
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6.1.2 Model 2 

The second model, see Figure 6.5, has the shape of an angle-iron. This iron has the height 300 
mm, width 300 mm, thickness 50 mm and length 300 mm. Two different inner radii are used, 
10 mm and 25 mm.  
 
It is exposed to a line load on edge A and clamped in end B, see Figure 6.5, which means that 
all degrees of freedoms are locked in this end. This bending condition implies a stress 
concentration at the fillet on the inside of the model.  
 

 
 
Figure 6.5 Clamped model with an applied bending condition 

 
The load of 50 kN is applied on the boundary edge and is distributed over all elements 
meaning that each node on the edge carries a part of the load.  
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B 
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6.1.3 Model 3 

The third model, see Figure 6.6, is exposed to a surface load σ0 = 40 MPa. Symmetry 
conditions are applied in order to simplify the calculations.  
 

 
Figure 6.6 A quarter of the plate with a hole in the centre using symmetry 
conditions on the boundaries A and B 

 
An analysis of this model can be controlled very easily since it can be calculated manually 
and considered as an elementary case. Dimensions of the plate are chosen to 200x100x5 mm 
and the radii of the hole is r = 10 mm. According to Sundström (1999) the stress concentration 
factor is dependent on the ratio between the radii of the hole and the width of the plate. The 
relation between nominal stress and applied stress is 
 

0
2

σσ
rB

B
nom

−
=    (6.1) 

 
The width B = 100 mm together with the radii implies a nominal stress of σnom = 50 MPa. By 
the definition of stress concentration factor one has 
 

nom

tK
σ

σ max=     (6.2) 

 
where maxσ is the maximum stress on the hole edge. From Sundström (2007), with the r/a = 

0.2 and B/a = 2 where a is the distance between the hole and the plate edge, one gets Kt = 2.5.  
 
Equation 6.2 gives  
 

MPaK tnom 1255.250max =⋅=⋅= σσ  
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6.2 First or Second Order Surface Mesh 

When the mesh is generated with solid elements the engineer is confronted with problems due 
to the geometrical shape of a certain model. Often the geometry consists of fillets and other 
difficulties that need to be considered during meshing. This causes problems, particularly 
when second order elements are used in the surface mesh. The mid nodes will follow the 
geometrical shape and might cause a problem by exceeding the demands set in the mesh 
quality criteria. In fact, the locations of the mid nodes might prevent the model from passing 
an analysis. 
 
The volume mesh can be generated in different ways using ANSA. Two ways are used and 
compared in this report. One way is to use second order elements when the surface mesh is 
created and when it is satisfactory, meaning that the mesh criteria are fulfilled, the volume 
mesh can be generated, see Figure 6.7(a). This meshing technique, denoted MT2, is probably 
the longest and hardest since there are criteria that need to be fulfilled concerning the mid 
nodes.  
 
In the other technique a first order surface mesh is generated. When the mesh fulfils the 
quality criteria the volume mesh is created. Then by using a command in ANSA called 
Change order in the Nastran Deck under ELEMENTs / UTIL function the program inserts mid 
nodes on the element edges. This way, denoted MT1, will be the easiest way but then the 
mesh will not follow the geometry as well as the other, see Figure 6.7(b). That difference is to 
be investigated in this chapter. 
 

 
Figure 6.7 Mid node positioning using (a) MT2 and (b) MT1  

 
A physical difference between the two techniques is that using the MT1 in an inner radii, for 
example in Model 2, implies that material is added. 
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By using Model 1 and Model 2 one can compare how the two different meshing techniques 
influence the stress results. By applying LC2 to model 1 the stress concentration appears as 
described in Figure 6.15. In this investigated area the meshing technique does not have any 
significant influence according to test results, see Figure 6.8.  
 

 
Figure 6.8 Von Mises effective stress along the white line in Figure 6.15 

 
In this case the element lengths of 6 and 8 mm were used. Since the radius is large the number 
of elements might be too many in order to achieve a difference between the meshing 
techniques and that is the reason for doing the same test in Model 2. 
 
Using Model 2 the results are given in Figure 6.9. 
 



6 ANSA Sensitivity Study 

 

25 

 
Figure 6.9 Von Mises effective stress when the number of elements in radii is 
varied 

 
In this case the difference is clear. For a coarse mesh one has to be careful when using MT1. 
For example the difference in the maximum stress is approximately 13% lower when using 
the MT1 compared to MT2.  
 
Theoretically, one has to avoid using first order elements since the result is not that reliable. 
In order to verify this general recommendation Model 2 is used together with first order 
elements. Results are presented in Figure 6.10. 

 

 
Figure 6.10 Stress results for first and second order mesh in Model 2 
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As expected the stress is remarkably low and one can understand why the first order mesh is 
out of question in a stress analysis. Since the first order elements highly underestimates the 
stress the consequences of using a first order mesh might be devastating.    

6.3 Element Size 

The next part of the study is to investigate the influence that the element size has on the mesh 
quality. By meshing in a few different element lengths there is a possibility to make a 
conclusion about which element length that is needed in order to generate a reasonable result. 
The element size can be controlled mainly in two ways, through element length or number of 
elements. The element length is a general parameter that is suitable in cases when the areas to 
be meshed are complex and free meshing method is used, see Chapter 5.1.1. The number of 
elements is typically used together with the mapped mesh method, see Chapter 5.1.2, in fillets 
etc. which requires the mesh generating parameter number of elements in radii. 

6.3.1 Number of Elements in Radii 

In cases when areas around or even in fillets are of interest a suitable measure is the number 
of elements in radii. Additionally the number of elements is non-dimensional which implies a 
large range of use. Model 2 is used in the analysis to show the difference in stresses when the 
number of elements in radii is varied.  
 

 
Figure 6.11 Stress concentration in the number of element test 

 
Variation of the number of elements in radii generates stresses in the radii that are visualised 
in Figure 6.11 and in a plot in Figure 6.12. 
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Figure 6.12 Von Mises stress in the radii along the white line in Figure 6.11 

 
The stress increases with the number of elements in radii. The difference between 20 and 2 
elements in radii is approximately 20 MPa comparing the maximum stresses.  
 
If model 2 is used again but with inner radii of 25 mm the resulting stress, along a 
corresponding line to the one in Figure 6.11, will end up in accordance to Figure 6.13. 
 

 
Figure 6.13 Von Mises stress in the radii for Model 2 with radii 25 mm 

 
The stress concentration is in this case located in the end of the radius instead of the 
distributed stress concentration in the case with the smaller radius. On the other hand the 
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difference in stress is now smaller. One can observe in Figure 6.12 that the mesh with two 
elements in radii stands out from the others by a relatively poor result.  
 
Model 3 is used for the same purpose but the difference is that this model is exposed to a 
tensile stress instead of bending. As this model is based on an elementary case the results can 
be verified analytically according to Section 6.1.3.  
 
Analysing model 3 with associated boundary conditions generates results that are expected 
according to the theory since it is exposed to a tensile stress. The maximum stress is 
calculated as an average value of the five nodes representing the position where the expected 
maximum stress arises, see Figure 6.14.  
 

 
Figure 6.14 Maximum von Mises effective stress calculated as an average of the 
five nodes marked red 

 
The calculated results differ with only a few percent using MT1 and for MT2 the results are 
even more exact, see Appendix B.  
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6.3.2 Element Length 

The element length parameter is suitable in cases when the number of elements is difficult to 
set. By varying the element length in this area the von Mises effective stress can be plotted 
along the white line in Figure 6.15. 
 

 
Figure 6.15 Von Mises effective stress in investigated area 

 
Variation of the element length in this area generates stresses according to Figure 6.17. 
 

 
Figure 6.16 Von Mises stress under variations in element length 

 
Von Mises effective stress in the area under study is almost identical in the meshes. Only 
when the element length is set to 8 mm one can notice a difference even if it is relatively 
small.  
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6.4 Distortion Parameters 

In Chapter 4.1 one can see that the focus is set on four types of distortion measurements 
concerning the surface mesh: aspect ratio, skewness, mid point deviation and mid point 

alignment. In order to achieve an element mesh that is poor at different levels one has to 
provoke the mesh manually.    

6.4.1 Aspect Ratio 

By looking at the area of interest in Model 1, where the stress concentration appears, one has 
to manually provoke the elements i.e. to certain aspect ratio levels. Levels that have been 
investigated are 2, 3, 5 and 7. 
 

 
Figure 6.17 Element mesh provoked to aspect ratio 5 

 
The von Mises effective stress in the mid nodes, along the red line in Figure 6.17, is plotted in 
Figure 6.18.  
 
The element length in the radial direction is kept constant in order to avoid a source of a 
possible error since the length in that direction might have an influence on the result. Instead 
the width is varied to create the specified aspect ratios.  
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Figure 6.18 Stress results for Model 1 with different aspect ratios 

 
Since the calculated stress is according to Cook et al. (2002) expected to decrease with 
distortion the result in Figure 6.18 is surprising. The difference between the highest stress, for 
aspect ratio 7, and the lowest, for aspect ratio 2, is only approximately two percent which can 
be considered as negligible.  
 
One may wonder if the surrounding conditions in Model 1 might influence the result. In order 
to investigate this, Model 2 is used, see Figure 6.19, where the stresses are calculated along 
the white line in Figure 6.19 and presented in Figure 6.20. 
 

 
Figure 6.19 Example showing aspect ratio 2 in the interesting area 
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Figure 6.20 Stress results for Model 2 with different aspect ratios 

 
The stress results from Model 2 hardly differ at all. Elements in the radii surrounding the area 
of interest had an aspect ratio of approximately six. 
 
An additional test was made on Model 2 where all the elements in the fillet exceed the aspect 
ratio criteria. That test was made to see if stress results differed if the provoked area was 
enlarged. The stress is measured in a line corresponding to the one in Figure 6.12 
 

 
Figure 6.21 Stress results for an enlarged provoked area concerning aspect ratio 
 

In the additional test the trend is the opposite of Model 1 as you can see in Figure 6.21. Larger 
aspect ratio means lower stress. Compared with the previous test the difference is now more 
significant. 
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6.4.2 Skewness 

Once again Model 2 is used to investigate the influence of poor shaped elements. This time 
the mesh is provoked to different levels of skewness, a definition that is described in Section 
4.1. According to the definition of skewness, see Figure 4.2, a large value of the skewness 
parameter implies a better shaped element.  

 
Figure 6.22 Variation of the skewness parameter in Model 2 

 
One can see in Figure 6.22 that the stress in the investigated area decreases with an increase 
of skewness which can be expected. In the stress concentration, distance = 11 mm, one can 
see that the stresses hardly differ at all.  
 
Provoking the elements in Model 1 generates the stress results according to Figure 6.23.  
 

 
Figure 6.23 Variation of the skewness parameter in Model 1 
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This result is similar to the analysis made on Model 2. The stress is remarkably similar for 
these three measurements of the skewness. The slight difference can be considered to be 
within the rounding.  
 
Because of the minimal difference between the curves in Figure 6.22 and 6.23, another test 
was made where all the elements in the fillet were even more provoked. The basic idea with 
this test is to investigate whether the skewness influences the stress results at all.  
 
Since the mesh is provoked manually and since it consists of a large number of elements it is 
difficult to obtain a single value of skewness. That is why the investigated levels of skewness 
of each test model are presented as intervals in Figure 6.24.  

 
Figure 6.24 Stress results when elements are skewed in the investigated area 

 
One can see that there is a difference when the elements are provoked to a terrible shape. 
These levels of skewness are in reality presumably out of question but as mentioned above the 
objective of this test was to verify that skewness has an influence on the stress results.  
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6.4.3 Mid Point Alignment 

The mid nodes are manually moved along the element edge on the surface until the specified 
level of alignment is exceeded. This is made for the whole fillet in Model 2, see Figure 6.25. 

 
 
Figure 6.25 Provoked elements to achieve a distorted state 

 
Different levels of mid point alignment caused a stress result according to Figure 6.26. The 
analysis is made at the levels of mid point alignment of 30 %, 40 % and 49 %, respectively. 
This is based on the same element mesh which is a second order mesh using MT2. 

 
Figure 6.26 Stress results for three levels of mid point alignment 

 
The difference, see Figure 6.26, between the results from the most and least distorted mesh is 
very small, approximately two percent.   
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6.4.4 Mid Point Deviation 

In order to achieve an element mesh that is distorted according to the mid point deviation 
definition, see Chapter 4.1, the mid nodes are manually moved from its original position on 
the surface, see Figure 6.27. 

 
Figure 6.27 Mid nodes are manually moved to certain levels of mid point 
deviations  

 
The stress is calculated in the middle of the fillet along the radii which can be seen in the blue 
line in Figure 6.27. The result is presented in Figure 6.28. 

 
Figure 6.28 Stress results for levels of mid point deviations 

 
The difference in stress levels is similar to the mid point alignment which means that the 
stresses hardly differ at all. 
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7 Evaluation of SimLab  
The evaluated software SimLab is developed by SimLab Corporation, USA. The company 
was founded in 2003 and its headquarter is located in California. According to SimLab 
(2007), the software is not presented as a regular pre- and post-processor but the basic idea is 
to provide software that, by automation, will be time efficient. SimLab uses a specific toolkit 
for the cad-software to access and display the geometry which means that the features set up 
in the CAD-software are still there after import of the geometry into SimLab.  
 
The concept is according to SimLab (2007) to continuously develop the program based on the 
needs of the customers. In this sense the code will be tailor-made for each customer and 
custom tools can be developed. The developed tool is proprietary to the specific customer and 
will, if requested, not be made public for other customers.  
 
Definitions for the element quality measurement in the evaluation according to SimLab 
(2007) are attached to the report in Appendix C. 

7.1 Pre-Processing Stage 

In ordinary pre-processors the geometry is a bulk file which means a lot of work in the 
cleanup process. SimLab supports geometry import with assembly and feature information 
from popular CAD systems: ProEngineer, Catia V5 and Parasolid.  This means in practise that 
no information will be lost during the import of the geometrical model.  

7.1.1 Generation of the Element Mesh 

Since the cleanup process is automatic in SimLab the meshing process can begin directly. The 
mesh procedure is most easily done by following the Meshing menu from left to right, see 
Figure 7.1. 
 

 
Figure 7.1 Appropriate procedure for the mesh generation is to use each function 
from the left 

 
In the mesh control menu one can set the parameters that control the meshing procedure. 
These parameters can be set not only locally but also globally. One can see in Figure 7.2 that 
the features from the CAD software imply opportunities to control the mesh in several 
different geometrical features.  
 

 
Figure 7.2 Mesh control dialog for parameters set globally or locally 
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Not only parameters can be set but also the shape of a face can be preserved and even the 
element mesh pattern can be controlled in the same window. 
 
In order to find the features there is a function called Show Features which is a search tool in 
the sense that it finds the specific features in a certain dimension interval, see Figure 7.3.  
 

 
Figure 7.3 An useful feature search tool 

 
The requested geometrical feature can also be selected simply by clicking on it. Areas where 
mesh control parameters are set will be coloured yellow as in Figure 7.4. 
 

 
Figure 7.4 Areas where the mesh control parameters are set will be visualised by a 
yellow colour 

 
There are no possibilities to modify the geometrical lines, see the white lines in Figure 7.4, 
but by setting mesh control parameters such as minimum length of the elements the software 
will automatically delete these lines.  
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The surface mesh algorithm is controlled by a target element size, grade factor and also aspect 
ratio, see Figure 7.5. The grade factor corresponds to the growth factor in ANSA. A minimum 
element size and geometry approximations such as max angle per element and minimum 
element size can be regulated. Preferred mesh pattern and mapped mesh can also be selected.  
 

 
Figure 7.5 Parameters controlling the surface mesh 

 
As usual one has to check if the element mesh has any free edges or element intersections. 
Controlling the volume mesh algorithm is done by a target element size, the grade factor and 
also a parameter controlling the element quality, see Figure 7.6. Here one can choose from 
stretch, collapse ratio and tetra collapse.  
 

 
Figure 7.6 Parameters controlling the volume mesh 

 
 
In order to create an element mesh of high quality one has to control the element with respect 
to the distortion parameters, see Figure 7.7.  
 

 
Figure 7.7 Element mesh quality can be controlled with respect to element, edge or 
property 
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The quality check can be done on the element, edge or property. Quality measurements used 
on tetrahedral are aspect ratio, stretch, collapse ratio, skewness, interior angle, tet collapse, 
distortion and jacobian.  

7.1.2 Applying Boundary Conditions 

Loads available in SimLab are pressure, force, thermal and velocity loads. The pressure loads 
can be uniform or varying. Forces available are a force or a moment, applied as a point entity 
to a node or distributed entity to an element edge or face. The thermal load implies 
temperature load for thermal analysis and the velocity load means that an object (could be a 
body, face, edge or node) is assigned a velocity. 
 
The boundary conditions also consist of constraints. Available constraints are fixed, enforced 
and velocity. The fixed constraints mean that an object can be fixed with respect to 
translations and rotations. The enforced constraint implies that an enforced displacement is 
applied to the nodes.   

7.1.3 Bolts 

Bolts or rivets can be modelled in SimLab using a tool that identifies holes of a certain 
diameter in a specific area, see Figure 7.8. In this way a bar element connects the two rigid 
bar elements (RBE) that are attached to the hole edges.  

 

 
Figure 7.8 Function for head bolt generation 

 
Other possibilities are also available, such as face based bolts instead of the edge based ones 
described above in Figure 7.8. 

7.1.4 Output File  

SimLab is capable of exporting an input file for Nastran, Abaqus, Ansys, Permas, Adventure 

and Marc.  

7.2 Post-Processing Stage 

If the results from the solver are imported in SimLab one can visualise the deformation, 
stresses etc., and there are also possibilities to generate plots.  
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8 Discussion 

8.1 ANSA Sensitivity Study 

When one reads the results it is important to have in mind that in all of the test cases there is 
more than one parameter involved. For example it is difficult to obtain different degrees of 
skewness without affecting the aspect ratio. The Jacobian reflects in a general way how the 
element is distorted, and will not be constant when provoking the model in different ways. 
Because of this the Jacobian parameter was not studied. An effort to isolate the parameters is 
done by using Model 2 with simpler geometry than Model 1 which allows better control over 
the mesh. In some cases the same tests are made on Model 1 to confirm the results. 
 
Regarding the two different techniques used to generate the mesh, MT1 and MT2, the 
difference is clear in a sharp notch but negligible at a larger radii. One reason for the 
difference in a small radii might be, since the MT1 does not follow the geometry, that 
material is added in an inner radii and therefore the stress decreases since the volume 
increases. One can also see that in the test regarding mid point deviation (6.4.4), when the mid 
point deviates from the element edge, the stress increases. In MT2 the mid point deviates out 
from the surface compared to MT1 and in 6.4.4 the deviation is in the element surface. Even 
though the deviation is in different directions the assumption is made that they have the same 
effect. The test regarding mid point deviation can with the assumption above be seen as a 
verification of the fact that stresses are higher with MT2 than with MT1.  
 
Mid point alignment and deviation is a phenomenon that only concerns MT2. When testing 
mid point deviation it is difficult to avoid that mid point alignment varies together with the 
angle deviation. These are factors that may intervene when efforts are made to obtain test 
results. 
 
According to Cook et al. (2002), the distortion in general increases the stiffness of the 
elements and degrades the stresses. In the investigated cases one can see that the stress 
decreases with distortion in two cases, aspect ratio and skewness, but increases in the mid 
point deviation and alignment. The increase of stress might be due to that the stiffening of an 
element or area could lead to a greater amount of carried load and an increase in stress. One 
way of reasoning does not necessary exclude the other. In order to fully understand what 
happens when an element is distorted further investigations are needed.  
 
By provoking the elements to a distorted state one can see that the results are generally 
remarkably stable. The question if the area provoked is too small to affect the result has been 
raised by the authors. Since the provoked area was enlarged only in the aspect ratio test 
(6.4.1) it is difficult to draw a conclusion from this. But the difference in stresses for this test 
is bigger than in the test with the small provoked area. This might be coincidental and 
therefore no conclusion will be drawn about this. Even more important could be that the 
elements were only provoked on the surface. This was because of practical reasons and if 
instead the volume mesh was provoked the difference in the stress results might be clearer. 
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8.2 SimLab Evaluation 

The following discussion regarding SimLab will be done as a comparison with respect to 
ANSA since this software is used frequently for solid meshing at Volvo 3P.  
 
The first thought that strikes the user in SimLab is a user friendly environment in a graphical 
interface. Since it is based on Microsoft Windows the user will get the visual feeling of 
modern software compared to ANSA. Due to the possibility of importing the CAD geometry 
without any loss of information all geometrical features are kept from the CAD system. 
 
The initial CAD geometry cleanup, that has to be done in ANSA, is performed automatically 
by SimLab but due to the automatically cleanup one lacks the possibilities of any manual 
geometric modification. This must be done in the CAD system. 
 
Since the authors can be considered as beginners in these systems an interesting view of the 
comparison is to look at how effective the meshing tool is. In the meshing procedure it is 
remarkable how easy it is to use the Show Features function in order to declare the mesh 
control parameters.  
 
The possibility of saving the mesh control parameters in templates enables batch meshing, 
which will make a difference concerning time efficiency when meshing a component for the 
first time. Despite the fact that one has to manually find the concerned geometrical features, 
the saved templates could work as a guideline or reminder in the meshing procedure in order 
to mesh the features correctly. Instead of templates one can export a file called body which 
implies that the mesh control parameters are saved together with the geometrical identity. 
This is more like a batch meshing procedure but then the new geometrical model must have 
the same geometrical identities and this is obviously not the case in practice. 
 
The generation of mesh in SimLab is presumed by the authors to be faster compared to 
ANSA. This is definitely true for larger models where also the handling of the model, i.e. 
rotating the model, is outstanding in SimLab. Since the comparison of the speed of the 
generation of mesh and also the handling of the model is clearly dependent on computer, 
performing an independent test is impossible to accomplish. 
 
If the generated element mesh is not satisfactory there are possibilities of local remeshing or 
one can simply generate the mesh all over again. The old mesh is still there which means that 
one can compare it with the new one. One can create a number of different element meshes 
and then pick the best one which is an advantage compared to ANSA. It is also possible to put 
in several files at the same time and then switch between them by clicking on tabs located in 
the upper part of the window. 
 
In our opinion, the mesh quality check is not as good in SimLab as in ANSA. ANSA provides 
a quality check that is easier and also visually clearer. In cases where the mesh quality does 
not fulfil the requirements, there is a function in ANSA called Fix Quality and this function 
works very well. A comparable function is included in SimLab but when it was used, a few 
elements disappeared and the element mesh became poor. This implies that one has to 
reconsider the mesh control parameters and generate the mesh all over again. 
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Applying boundary conditions and connections between components as bolts or rivets is 
relatively easy since it is very easy to handle the program and also rotating the model in 
SimLab.  
 
Another drawback of SimLab is the lack of information in the help documentation. Since 
SimLab Corporation is relatively new on the market one can understand that the 
documentation is incomplete. Since the help documentation is important for the user in the 
beginning, the authors agree that this is seriously negative. However the software and help 
documentation have been upgraded four times during the three month long evaluation process 
of the program and the help documentation has been greatly improved when comparing the 
first and latest version. However, the documentation is still much better in ANSA.      
 
As a customer of SimLab the application can be customised after the needs of the specific 
companies. Companies can request a feature and for its actual cost it will not be included in 
the next release. This service is not available in ANSA according to the authors’ experience 
and contributes to the positive impression of the authors.  
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9 Conclusions 
The element size can be defined by specifying element length or number of elements in the 
region of interests. It is preferable to use the later but in several applications it is difficult to 
see what the exact number of elements should be and in that case it is easier to use the 
element length. Using number of element is more general than the length which is more 
dependent on the part being meshed. The authors recommend that number of elements in radii 
is added to Bengtsson (2003). 
 
One can conclude from Chapter 6.2 that using too few elements together with MT1 in an 
inner radius can lead to an underestimation of stresses. Tests made in this report, 6.4.3-4, 
shows no significant difference in choice of degree in mid point deviation and alignment. 
That means that MT2 has a big range in use and may be preferred before MT1. Using 
elements that are highly skewed or have a high aspect ratio will result in an underestimation 
of the stresses but the difference to the exact value seems to be surprisingly small. 
 
Using Model 3 in testing the effect of the number of elements, gave results similar to the 
elementary case independently of how many elements that were used. This is due to the load 
conditions. Solid elements can easily be exposed to a pure tensile force. 
 
Preference values taken from Bengtsson (2003) will according to the authors be enough to 
ensure a mesh of satisfactory quality. This is due to the insensitivity of the quality mesh 
parameters showed in the sensitivity study.   
 
SimLab is a capable software regarding generation of a solid element mesh. Even though it 
has its drawbacks, mostly due to its recent release into the market, the authors recommend 
Volvo 3P to implement it to the product development process. 
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10 Possible Future Work 
In this thesis the sensitivity study concerning mesh quality criteria for solid elements is only 
performed at the surface of the components. A proposal for further work is to investigate the 
possibility to provoke the mesh by varying the parameters controlling the generation of the 
volume mesh through a growth factor and another additional parameter. This additional 
parameter can be aspect ratio or skewness. 
 
The selection of parameters in the sensitivity study is in this thesis based on what engineers 
nowadays use at Volvo 3P. Besides the investigated parameters there are a few more available 
in ANSA. With the help from the sensitivity study in this thesis one can together with further 
studies rate the parameters by their influence on the stress results.   
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Appendix A: Large Versions of Figures 
 
Figure 6.8   

 
Figure 6.9 
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Figure 6.10 

 
Figure 6.12 
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Figure 6.13 

 
Figure 6.16 
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Figure 6.18 

 
Figure 6.20 
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Figure 6.21 

 
Figure 6.22 
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Figure 6.23 

 
Figure 6.24 
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Figure 6.26 

 
Figure 6.28 
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Appendix B: Stress Results in Plate Tests 
 
Table B1 
 

 Node number 
 

Number of 
elements in the 

radii 1 2 3 4 5 
Mean [MPa] Deviation [MPa] 

2 115,3 122,1 122,9 120,6 113,9 118,96 6,04 
3 117,9 123,5 126,6 127,7 117,1 122,56 2,44 
4 119,5 125,5 128 127,4 121,9 124,46 0,54 
5 119,5 124,2 125,2 122,8 119,8 122,3 2,7 
7 120,3 127,5 129,3 127,7 119,4 124,84 0,16 

M
T

1 

10 121,1 126 127,3 127,7 123,1 125,04 0,04 
         

2 124,1 127,9 130,7 122,4 124,2 125,86 0,86 
3 127,6 126,5 130,6 126,4 119,5 126,12 1,12 
4 126,8 127,7 130,5 126,2 120 126,24 1,24 
5 124 125,3 124,9 122,2 120,5 123,38 1,62 
7 124,8 127,8 128,9 124,7 116,2 124,48 0,52 

M
T

2 

10 124,4 126,8 126,8 125,2 118,8 124,4 0,6 
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Appendix C: SimLab Definitions 
 
Definitions for quality check for tetrahedral elements according to SimLab (2007) 

 
Aspect Ratio 

 

 
 
Stretch 
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Collapse Ratio 

 

 
 
Skewness 

 

 
 
Interior Angle  

 

 



Appendix C: SimLab Definitions  63 

 

Tet Collapse 

 

 
 
Distortion 

 

 
 
Jacobian 
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