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ABSTRACT: CATIA V5R16 is a product of Dassault Systemes, one of the most widely used 

CAD/CAM/ CAE systems worldwide, with applications in various fields, from the automotive, aerospace, 

automotive and medical industries. 

The paper aims to improve the technical, technological and medical knowledge related to the activity of 

the hip prosthesis. 
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1. INTRODUCTION 

 

The CATIA V5R16 program provides a wide variety of integrated solutions to meet 

all aspects of design and manufacturing. Among the many basic functionalities, it is possible 

to remember: the advanced design of the mechanical parts, the interactive realization of the 

assemblies, the automatic obtaining of the projections of the piece or the current assembly, the 

possibility of designing in a parameterized way, etc. CATIA also allows designing the parts 

and assemblies directly in three dimensions, without first drawing the two-dimensional planes 

[1]. 

Using the finite element method can solve some types of problems such as: 

-Problems independent of time: 

 -analysis of the tensions and registering strains; 

 - static analysis of structures; 

 - inter-surface contact analysis; 

 - temperature stress analysis; 

- Problems of spreading or transition: 

 -problems of fracture mechanics and fissures under dynamic loads, fatigue behavior, J-

integral, cracks, crack growth; 

 - the response of structures to aperiodic tasks; 

- Own value problems: 

 - natural frequencies and own modes of structures; 

From the point of view of designing a hip prosthesis, the issues to be considered are 

complex. 

The choice of the prosthesis should be based on the in-depth knowledge of the 

biomechanical and biocompatibility implications of decimation, wear and other possible 

effects related to the shape of the prosthesis or the quality of the materials from which it is 

made. 

Each prosthesis has its advantages and disadvantages. The problem is to choose the 

type of prosthesis that can better substitute complex hip joint biomechanics and which can 

better accommodate the morpho-functional features of the case. 

A prosthesis must meet the following conditions: 

-An appropriate strength to support repeated body stress loads throughout its life 

without fatigue fractures of its components; 
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-Frequently reduced between joint surfaces; 

-High wear resistance; 

- Solid and durable bone attachment; 

- Resistance to corrosion or degradation in the hostile environment of the human body; 

- Good biological compatibility; 

-Expensive and cheap manufacturing technology. 

The materials used for making prostheses have three main characteristics:  

1. Biocompatibility (good tolerance of the human body); 

2. Corrosion resistance; 

3.Mechanical properties of resistance to friction, torsion, pressure, etc. 

Generally, the prostheses are made up of several components of different materials, 

which are to be articulated between them by frictional forces: the acetabular component, the 

polyethylene insert, the prosthetic head and the femoral component. 

In the paper presented, a study will be made on the femoral and prosthetic head 

component. 

 

2. MODELING THE PROSTHESIS 

 

At this stage the profile is drawn from which, by extrusion in later operation, the 

femoral component will be obtained. In order to accurately and quickly generate the track 

profile, the value fields available in the Sketch Tools toolbar are used. A profile similar to the 

shape of the rod is drawn and constrained (fig. 1). 

Having the sketch profile and using the Pad modeling tool it is extruded symmetrically 

to the YOZ plane by assigning a wall thickness of 10 mm (fig.2) [2]. 

 

  
 

Fig.1. Profile of the piece 

 

Fig.2. 3D representation 

 

The prosthetic head support neck is then attached by building a 25 mm diameter 

cylinder (Fig.3.a) which subsequently turns into a conical trunk with a 15
o
 inclination of the 

generator (Fig.3.b) . 
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a 

 
b 

 

Fig.3. Attaching the prosthetic head support neck 

 

The last component is now being made - the prosthetic head using the Shaft command 

(fig. 4), resulting in the final shape of the prosthesis (fig. 5)[3]. 

 

  
 

Fig.4. Constructing the prosthetic head 

 

Fig.5. The final shape of the prosthesis 

 

3. FEM analysis 

 

After solid modeling in the CATIA Part Design module, the part is considered to be 

made of titanium (Fig. 6), having the physical and mechanical properties specified in Table 1 

[4]. 
Table 1. Physico-mechanical properties of titanium 

Physico-mechanical properties 

specific weight Tiα (20˚C) - 4,55 g/cm
3
 

Tiβ (900˚C) - 4,32 g/cm
3
 

density 4,54 Kg/dm
3 

the allotropic transformation temperature 882˚C 

melting temperature 1660˚C 

boiling temperature 3300˚C 

specific heat at 20˚C 0,543 J/g · grad 

latent heat melting:  420,9 kJ/kg 

allotropic transformation: 2839 J/mol 

boiling: 771 J/mol 

thermal conductivity  λ 0,152 J/cm · grad · sec 
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coefficient of thermal expansion α la  20˚C:   8,2 ·10
-6

 /grad 

la 100˚C:  8,3 ·10
-6

 /grad 

electrical resistance ρ 0,55 Ωmm
2
/m 

modulus of elasticity E: 112 GPa 

 G: 410 GPa 

 

 

  
 

Fig.6. Assign material 
 

Fig.7. Applying supports 

 

The CATIA Generative Structural Analysis module is accessed from the Start - 

Analysis & Simulation menu and determines the Static Case type, the tree of specifications 

displaying elementally the same name at the same time. Although the CATIA program 

defines the network of nodes and meshes by default, it is recommended to edit this and 

determine the size of the element, the maximum tolerance between the meshed model and the 

real model used in the analysis (Absolute sag), the type of element (Type of element), etc [2]. 

Next, a clamp-type restriction (Fig. 7) is applied to the stem fastening surface in the 

femur. 

 

  
 

Fig.8. Applying forces 

 

Fig.9. Computing module 

 

On the surface of the prosthetic head, a distributed force (Distributed Force) is applied, 

with the value of 300N in the direction of the Ox axis and 200N in the direction of the Oy 

axis, oriented so as to accurately simulate the weight exerted by the trunk on the femur head 

in natural conditions.  
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As a result, Distributed Force 1 becomes available in the Specification Tree, the force 

being specified by the arrows on the surface (Figure 8). 

Once the restrictions and loading have been established, the actual step of the 

calculation (analysis) follows. Clicking the Compute icon on the toolbar selects All, the first 

effect of the action is to update the Static Case Solution element. After the calculation is 

complete, the user has the Image bar tools available to view the results (fig.9). The 

specifications tree is completed according to the inserted images. In fig. 10, the image (using 

the Von Mises Stress, Deformation, Principal Stress and Precision) is displayed, 

corresponding to the calculation of the model and load considered, with the statement that the 

deformations are presented slightly overstated to ease the stage of determining the 

conclusions of the analysis[3]. 

 

  
 

Fig.10. The deformed piece 

 
Fig.11. Optimizing the analysis process 

  

In fig. 11, next to this window is the color palette accompanying the Von Mises image 

result. The lowest voltages are at the bottom of the palette and the highest ones at the top of 

the palette. The dialog box contains the explicit values in the Extreme Values area as follows: 

1.35 x 10
6 

N / m
2
 and Max 1.35 x 10

7
 N / m

2
. Thus, it is possible to interpret the way the 

stresses on the piece are distributed and the colors displayed [5]. 

The blue and blue colors indicate low voltages and the colors yellow to red high 

strenge. 

  
                                      a                                                                        b   

Fig.12. Extreme distortion of the prosthesis 
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An optimization process can also be done by altering the dimensional values of the 

deformations or the actual deformation of the piece through an animation application can be 

visualized (Fig.12.a, 12.b). 

 

4. CONCLUSION 

 

Methods of obtaining implants through computer assisted processes are successfully 

used, yielding favorable results for a range of implants such as shoulder, knee, hip, column, 

facial or dental implants. 

The main advantage of using a semi-automated process of producing custom implants 

is to reduce modeling and manufacturing time as well as implant cost. 

The three-dimensional realization of the bone to be prosthetically and its structure 

combined with the design of a prosthesis that moves as close as possible to the bone will 

result in a prosthesis that will allow for the preservation of bone tissue more and fit the 

patient's articular elements . With 3D design, the necessary implant can be created and made 

from powders of biocompatible materials by laser sintering. 

Finite element analysis using the CATIA program is a modern method for studying 

different contacts, allowing the determination of important parameters for the study of 

different contacts. In the case of hertz contacts, accurate information on the state of stresses at 

the contact level is obtained. The point-to-point analysis using the classical method (Hertz 

theory) did not allow such results to be obtained. Von Mises strenge determination allows a 

voltage state analysis to allow for a correct quantification of this state and the possibility of 

identifying the damage that occurs. 
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