
SUMMARY  

Static stiffness of the machine bodies, being the machine support system is one of the most important features, determining the dimensional accuracy of the workpieces. The insufficient 

stiffness of the system Machine-Holder-Object-Tool causes the generating of machining errors. The purpose of the simulation was to optimize the structure and construction parameters of the 

machine construction. The optimization criteria resulted from the function what the machine body should have and minimize the mass while maintaining the appropriate static stiffness. Finite 

element methods were used for optimization process, which was realized in engineering simulation software ANSYS for this purpose. 

Fig. 2. Stages of modeling optimization of structural features of the machine body: 

1. Strength analysis of the machine body structure. 

2. Identification of optimization variables. 

3. Insertion of variable optimization limits. 

4. Analysis of the surface. 

5. Analysis of the optimization due to the introduced criteria. 

CONCLUSION 
Finite element method allows to relatively quick variation and analysis of calculated results. It allows to also find 

the optimal solution or family of solutions for the considered element and load unit. Parametric analysis was 

conducted, which includes variability of input data, thanks to which a large amount of information was obtained on 

the impact of changing these parameters on the behavior of the analyzed structure. The final result of optimizing 

the dimensions of the ribs and the thickness of the machine body is a compromise between high stiffness and low 

weight. 

The initial mass of the optimized machine body was 1295.1 kg, and the body mass after dimensional optimization 

is 691.35 kg. In the optimization process, the mass was reduced by 46,6%, which leads to measurable financial 

consequences for the manufacturer of the structure being analyzed (saving materials and thus cheaper 

production - greater competitiveness and greater profit). 
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INTRODUCTION 
One of the ways to reduce the weight of the machine bodies while ensuring sufficient rigidity 

is the use of ribbing. It is necessary to analyze the influence of the wall thickness of the body 

and the dimensions of the ribs on the stiffness of the machine tool. 

Optimization criteria : the mass of the body structure should be less than 1295.1 kg 

while maintaining the appropriate stiffness resulting from the deflection of the machine 

body surface, to which forces were applied, no more than 40 µm. 

To solve such a formulated problem in the system ANSYS, the method screening was used. 

This method involves receiving and sorting results samples and allows to handle many 

optimization goals as well as all types of input parameters. 

In figure 1 the geometrical features of the optimized body are presented and in the Tab. 1. 

range of variability of optimization parameters are given. 

 

Minimum 

value, mm 

Designation 

parameter 

Maximum 

value, mm 

100 
h1 – width of 

ribbing 
250 

50 h2 - width of ribbing 70 

150 
h3 – withdrawal of 

notch 
360 

8 
gk – thickness of 

machine body 
12 

8 
b – thickness of 

reinforcing ribs 
12 

Tab. 1. Variables of optimization parameters 

Fig. 1. Geometric features of the machine body 

In figure 3 the stages of modeling the optimization of the machine body structure was presented.  

Figs. 3-5 present a solution to the previously formulated optimization task. The results for the optimal 

structure of the machine body are shown in the figure 6, they were compared with the initial variant. 

Fig. 3. Effect of parameter change  h1 (width of 

ribbing) on deflection of the machine body 

Fig. 4. Effect of parameter change h2 (width of 

ribbing) on deflection of the machine body 

Fig. 5. Effect of parameter change h3 (notch relief) on deflection of the machine body 

Fig. 6. Result of optimization 


