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Abstract: In this paper we present the mechanical element design analysis by using an AISI 1040 steel with yield strength of 
Sy=352 MPa. The designed element is exposed to a bidirectional load. The applied load generates torsion, bending and 
tension stresses. These stresses could generate deformation. From these stresses by using the Mohr circle approach, the 
corresponding minimal stress (σmin), maximal stress (σmax) and the maximal shear stress (τmax) are determined. Then based on 
(σmax) and on the Von Mises Theory, the safety factor (SF) was determined. However, although the found SF index is higher 
than one (SF>1), because it does not represent the reliability (R(t)) of the designed element, then based on σmin, σmax and 
τmax, the Weibull distribution analysis was used to determine the designed R(t) index. An application is also presented. 
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1. Introduction 
 

At the present time in the design of a machine element, equipment and products a safety factor must be provided to 
prevent them from failing and to bring about various negative consequences. Thus, we will say that a designed element is 
safe if its safety factor (SF) is greater than one (SF>1). Safety is of paramount importance to ensure the machine element or 
designed part of a product will not fail before the designed time t. On the other hand, if an element fails, it can cause various 
unfavorable situations. For example, if a machine in a company stops working because one of its components fails, it can 
cause economic or human losses. Therefore, components are designed under a failure theory criterion that predict that the 
element will get a safety factor greater than one (SF>1). Thus, it is expected that the designed element will not fail. However, 
because the loads at which the element is designed and its own strength to withstand those loads are both random then the 
estimated SF index is not efficient to predict and/or to minimize the risk of failure. Hence, since the loads and the resistance 
are both random, then the reliability factor must be taken into account to predict and to minimize the risk of failure [1]. Doing 
this, in this paper based on the principal stresses σ1, σ2 and on the maximum shear stress τmax, the Weibull distribution is 
used to estimate the designed reliability index [R(t)]. Finally, we concluded that both the SF and the R(t) indices have to be 
analyzed to establish the designed component is safe.      

The paper's structure is as follow. Section 2 presents the mechanical design generalities. Section 3 gives the Mohr's 
circle generalities. In section 4, the Von Mises failure theory is presented. In section 5, the Weibull distribution generalities 
are given. Section 6 presents an application case. Finally, the paper ends in section 7 with the conclusions. 

 
 

2. Generalities of Mechanical Design 
 

 The function of the mechanical design has been of vital importance in the construction of machinery and equipment. 
A machine or a mechanical system is an assembly of several elements. In a machine operation, each element has to perform 
efficiently its function. On the other hand, if a machine element does not work efficiently, then the machine operation will 
experience some problems; and even worst it could stop working. Thus for example if the machine element function is 
transmitting loads of different types, absorbing energy, transmitting different types of movements or being part of a structure 
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