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ABSTRACT 
This paper addresses the analysis of some phenomena that occur in finite element structural 

analysis of the structural models, generated within CAD / CAE / CAM systems, with reference 

to the microstructures. CAD model is designed based on 2D or 3D geometry of the 

structure, in order to be used further in the execution stage (CAD – CAM model), which 

contains standardized tolerances. From a technical point of view, the problem of generating 

the structures geometry and preparing the geometric model, in order to be introduced in finite 

element structural analysis is very important today because the majority of structures are 

represented in CAD systems electronically. Coupling the components in assemblies is 

necessary for the structural model and contacts modeling between components has to 

approximate the reality as well as possible. Many times geometric representations in CAD 

present gaps and interferences due to tolerances and other design factors. Within this problem, 

the main subjects are related to the treatment applied to this so called gaps and interference 

which occur in geometric patterns (partially physical) generated in CAD programs for 

converting in authentic structural model. Their treatment is largely similar both for 

macrostructures and microstructures, but, in the case of the last ones, some gaps type  "defects”  

can be capitalized for "defects" simulation in microstructures. Even interferences can be 

repaired in a way in which specific aspects of the microstructures are capitalized. The repairing 

and capitalization modes of the gaps and interferences from geometric models or physical-

geometric CAD models are the main subject of this paper. Applications will focus on repairing 

CAD models for FEA simulation of the ideal microstructures functioning, as well as, for gaps or 

interferences of the microstructures with defects, especially their effect and the propagation of 

these effects. 
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INTRODUCTION 

According to [1] or [3], CAD means computer aided design (Computer Aided Design), 

i.e. an activity that uses a calculation system in designing, modification, analysis and 

optimization of the design. 

According to [1], CAE is an informatics technology used to analyze the functions of a 

CAD product. Therefore, in order to operate, CAE technology must have as support, a 

CAD product. In [1] it states that, the application of the CAE technology to a CAD 

product allows its refining and optimization, with tools for different types of analyzes, 

including at micro level. 

The most common method of solving mathematical physics problems included in the 

CAE list is the Finite Element Method (FEM). Through this method issues of elasticity 

theory, plasticity theory, numerical analyzes, thermodynamics, electricity, magnetism, 

hydraulics, fluid mechanics, etc. depending on the tackled subject are solved. 
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The CAD model is designed based on 2D or 3D geometry of the structure, in order to be 

used further in the execution step (CAD – CAM model), which contains standardized 

tolerances. For the CAD - CAE model coupling of the components is necessary in 

assemblies and modeling of the contacts between components must approximate the 

reality, as well as possible.  

In most cases, coupling assemblies in CAD - CAE models is made based on some 

simplifying assumptions, very difficult to verify (extremely expensive). 

One of the main problems that occurs during working with models in CAD – CAE 

system is that of coupling the elements of the components from the simple ones to the 

complicated ones 

If these links are not realized with satisfactory approximation or not at all, then, the 

assemblies can not be CAE analyzed or apparently work leading to false results. Ideally, 

the CAD model achieved in 3D must be automatically transformed into a model for 

manufacturing (CAM and in a model for simulation), CAE. 

MATERIAL AND METHOD 

The problem of coupling or unification of the components obviously arises only for the 

structures composed of at least two components. A simple example is represented by a 

thick metal plate on which a pin is supported (full round profile or pipe, therefore, 

circular crown). 

According to [2], two or more distinct domains (solid bodies) are defined as being in 

contact, if a common surface exists which separates them and there is no material 

transfer from one body to another. 

The contact between bodies, according to [3], assumes the fulfillment of the next two 

conditions: 

 cinematic condition: relative speed by the contact surface normal is null; 

 dynamic condition: continuity of the stresses while crossing the contact 

surface (the principle of action and reaction). 

Although ideally, the contact between two areas can be punctual (in a single point), 

linear (after a straight line) or by the surface (on a plane or on any surface) in fact, the 

contact between two bodies is always done on a surface.  

Overall, in time, this surface changes its own shape and area. These idealizations 

relative to the reality of the contacts between bodies are well commented and illustrated, 

for example, in [4]. 

In general, the areas of the contact surface are small, and the contact forces and 

pressures are implicitly higher, so that, the stresses in the bodies material found in 

contact in a small vicinity of the contact area are high. 

Thereby, high stresses may occur in the vicinity of the contact surface, in each of the 

bodies, the material being able to deform elastic nonlinear, plastic and even being able 

to break into splinters, i.e. occurring wear. In the contact phenomenon between two or 

more bodies, actually more phenomena occur and the process as a whole, as [5] stated, 

has a stochastic character. 
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For these reasons, a clear correlation in agreement with all the proposed models 

between the stress in the contact area and the wear degree has not been obtained yet. 

The relations that estimate the wear in the contact area totally empirical. 

Contacts classification between bodies is made from different points of view: 

 From the point of view of friction: contacts with friction and frictionless contacts; 

 From the point of view of the contact surface modification during application of the 

loads: conformable contact (the initial contact surface coincides with the final one, 

when the load is applied) and non- conformable contact, that does not comply with 

the requirements of the conformable contact. 

 From the point of view of the material behavior, the contact is elastic (when the 

material of all components does not leave the elastic working domain) respectively, 

elastic – plastic, obviously, when in the material of at least one of the bodies in 

contact there are exceedances of the plasticity limit. 

 From the point of view of the displacement of the elements in contact, there are 

contacts in the domain of small displacements, respectively, contact in the large 

displacements domain. 

 Classical theory of the mechanical contact is due to Hertz, [3], [5] and is based on 

the following assumptions: 

 The surfaces in contact are continuous, smooth (no roughness) and frictionless 

(although there are approaches of the Hertz contacts also with friction, [6]); 

 Bodies which border the contact surfaces are homogeneous, isotropic and the 

rheological behavior is given strictly by Hooke's law; 

 The sizes of the contact areas (initially punctual or linear) in the presence of small 

loads are small compared to the size of the bodies; 

 The stress distribution in the contact area is obtained from the Boussinesq’s elastic 

half - space theory and results that, the tangential stresses in the contact spot are 

null. 

If a contact is modeled within Hertz's assumptions, then, the contact is called hertzian 

contact, otherwise, is called the non-hertzian contact. Examples of classic calculation 

within the limits of Hertz's theory are found, for example, in [4] and [7]. 

These examples are useful for practice and acquiring of knowledge, but, also they 

constitute very useful tools in the case of complex approaches through the finite element 

method, or other numerical methods of the mechanical contact problem, either for 

comparison or control. 

RESULTS AND DISCUSSIONS 

1D structures 

It is considered two bars supported at each end and in the middle, coupled or not. Each 

bar has 1m length, being a square profile with the side of 100 mm and 10 mm thickness. 

The material is steel with the elasticity module E = 2.1·1011 N/m2, Poisson's coefficient 

ν= 0.3, and mass density ρ=7850 kg/m3. 

Contact by coupling (contact by bonding) 
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In order to achieve the contact, coupling is tried by « coupling » command of the 

COSMOS/M program, which means that, the displacements have to be the same on 

certain freedom degrees. Coupling only the displacement on ux direction (along the 

bar), the results remain those from the case 1. By coupling nodes 11 and 13 (the free 

ends of the bars) and on the uy and uz directions, and even rx and ry rotations, the 

program does not work anymore, the solving of the equation system is impossible. 

If the sixth degree of freedom is also coupled, the rotation after Ox axis, rz the situation 

is radically changed and the bars begin to work as a continue bar. The supporting 

conditions at the fixing ends of the two bars remain identical as in case 1. 

 

Fig. 1 Distribution of relative displacement field resultant into the bars assembly, in m. 

 

Fig. 2 The equivalent stress distribution field (Von Mises) into the bars assembly, Pa. 

Connection of the component bars, in the case that the free ends of the bars, the 

model has interference. 

The CAD model of the assembly with interference, originated by drawing error will be 

approached. The cleanest alternative for normal introducing in CAE modeling, and 

preparation for the finite element analysis, would be remaking of the drawing, 

repositioning by translational of the bar number 2, (the bar on the right side of the 

image). CAE model obtained from the CAD model with an overlap between bars that 
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has 3 mm lenght is drawn in Fig. 3. The CAE model was built, as if  we do not know 

the interference, so, the analysis will be initially in the same way. In conclusion, it 

should be noted that the nodes ,from the free ends of the bars, components of the 

assembly are placed on the physical stand of the other bar (see the detail in Fig. 3). 

By representing the results of the calculation (the model also runs in this case) on the 

deformed structure (the structure works separately on components and not entirely) the 

defect of the solution is observed. 

 

 

Fig. 3 The model assembly of two bars with interference. 

 

Fig. 4 The distribution of the resultant relative displacement field values (in m), in  the 

structure formed by two bars, starting from the CAD model with interference, 

unremedied 
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Fig. 5 The distribution of the equivalent stress field values (in Pa) in the structure 

formed by two bars, starting from the CAD model with interference, unremedied  

The distribution of the resultant relative displacement field in the structure on the 

deformed shape is given in Fig. 4 and the equivalent stress distribution in Fig. 5. 

The erroneous solution also emerges from the values of the exaggerated order of 

magnitude, especially in the case of resulting relative displacement (deformation). 

Moreover, the results are similar to those from the structure with  distancing or from the  

structure correctly fixed, but with the nodes from the free ends without any constraint. 

 

Fig. 6 The model of the structure with interference, the components bars being coupled 

in the translational degrees of freedom (displacements along the coordinate axes of the 

global coordinate reference system). 

The coupling of the two bars, components of the structure only in the degrees of linear 

freedom (of translation on Ox, Oy and Oz axes) leads to the apparent united 

displacement of the two ends, not united naturally, but with higher values, in terms of  

relative displacement and negligible, in terms of equivalent stress. The results are 

similar to those obtained in the case of CAE model obtained from the CAD model with 

distancing (coupling with coupling option, translational displacements of the free ends 

of the bars, components of the structure). 
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Results in graphical form in this situation are more interesting, because, although "the 

broken” in motion in the middle does not appear in the global drawing, the structure 

entirely does not flex and in detail, the discontinuity ("the broken", fig. 7). is also 

observed. The values of the two status fields of the structure also show that the solution 

is erroneous. 

 

Fig. 7 The distribution of equivalent stress field values in the structure with CAD model 

with interference coupled only in translational degrees of freedom 

 

Fig. 8 Distribution of the relative displacement field values resulting in the structure 

when the non supported nodes of the two components are coupled on the three 

translations and on the rotation around the Oz axis. 

The coupling of the rotations after Ox and Oy axes has no effect in relation to the wrong 

solutions, if the coupling of the rotation around Oz axis is not done. This solution is 

represented in fig. 8. 

If, in addition to the three degrees of translation interlocked in the two nodes situated on 

the free ends (not supported) of the structure, the rotation is also coupled around the Oz 

axis (respectively, the parallels to this through the points of support), then, the solution 
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returns to that of the bar with the same coupling but with spacing, or to that with real 

shape, but with respective nodes similar coupled. Although now the results are normal, 

similar to those obtained on the structure corectly geometric compensated, however on 

deformed shape, the interference defect is visible and may cause concern to the 

beneficiary of the analysis. 

CONCLUSIONS 

The contact between two areas can be punctual (in a single point), linear (after a straight 

line) or by the surface (on a plane or on any surface) in fact, the contact between two 

bodies is always done on a surface.  

The structures (at least 1D) with defect CAD models in terms of CAE, more precisely, 

those with spacings (gaps) or interferences can be tolerated in the structural analysis 

using coupling techniques of the components of the assembly having such of defects at 

the jointing, the results regarding the status parameters of the required structure being 

satisfactory. Even if these results coincide with those for which the defect is eliminated, 

the analyzed structures that keep the geometry defect may be identified on the graphical 

representation of the deformed shape, in the case of a satisfactory resolution of the area 

with defect and a sufficient simplicity of the model, in order to allow visualization. 
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