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DESIGN METHODS BASED ON RELIABILITY
Ph.D. E. Secară
“Transilvania” University of Braşov, Braşov, ROMÂNIA, secarae@unitbv.ro 

Abstract: To determine the reliability of an element or of a system which is subject to stress, the statistical description of both resistance and stress must be known, as well as the description of the factors which influence them. The paper presents the methods used for dimensioning an element when a certain reliability value is imposed.
Keywords: reliability, design, resistance, stress.
1. Introduction
To determine the reliability of an element or of a system which is subject to stress, the statistical description of both resistance and stress must be known, as well as the description of the factors which influence them.

Reliability design methods are very much used because it provides maximum reliability. On the other hand these methods have a disadvantage regarding a high raw material consumption. This disadvantage is due to outsizing.
The main problem which occurs while calculating for correctly dimensioning an element is setting the resistance. Usually there are taken into consideration the nominal resistance, the resistance resulted after performing tests and the real resistance. The real resistance is obtained after applying corrections upon nominal resistance.
2. The variation coefficient of b variable

When a certain reliability value is imposed for an element which has to be dimensioned, there are information already known, such as: the type of raw material which will be used to produce the element; the tolerance range admitted for producing the element; tests performed; etc. There are also known the distribution rules regarding stress and resistance.

Regarding the theory of beams, in every situation when dealing with static stress and for some cases of tiredness stress, the stress can be explained as follows:
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where:    P represents the force feature, the moment feature, etc.; 

A represents the geometric feature.

Supposing the element is rectangular section bar shaped and the nominal value is b, taking into consideration its dimensional deviations, the nominal value will be ranged within the domain:

[image: image2.wmf](2)

                                        

                                        

               

bbkb

=±


where:   
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 represents the medium value of the section; 

k represents the constant.

Considering that the dimensions distribution follows a normal law, a percent of 99.75% out of b variable values is ranged within the domain 
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- standard deviation of b variable).

Using relation no. 2, it can be easily obtained the following formula:
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Further on, using relation no. 3, it results 
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, which leads to the variation coefficient of b variable: 
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In a similar way it can also be calculated the variation coefficient for other bar section dimensions. 
3. The variation coefficient of section cA
Using these coefficients it can be calculated the variation coefficient of section cA. 
3.1. It is known that x1 free-chosen variable represents the resistance and follows a normal distribution 
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being known parameters. It is also known that free-chosen variables P and A follow normal distributions: 
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. The variation coefficients 
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 which characterize the two mentioned variables are considered to be known as ranging relatively small values. Supposing that
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free-chosen variable, which defines the stress, follows a normal distribution 
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, we can express the reliability in a certain moment and taking into consideration the specific functioning conditions:
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where:  
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f(z) representing the probability density of the reduced normal function.

Depending on R values and using approximate calculation or pre-defined tables, a certain value for z0 can be determined. More than that, it can be showed;
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3.2. The given data in the last example are kept the same, but the distribution laws of resistance, stress and force are changed into gamma laws: 
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When a free-chosen variable follows a gamma law G(a, p), then M(x) = p/a and 
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, which implies for  x1, x2 and P variables the following:
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It is supposed that the free-chosen A variable also follows a gamma distribution law
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, for which the variation coefficient cA is known. This is useful for calculating t, but a4 and mA need to be known.

The free-chosen x2 variable is the result of dividing two free-chosen gamma variables 
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. This is why the free-chosen x2 variable follows a beta distribution 
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. So, the free-chosen x2 variable follows a gamma distribution by definition and a beta distribution by calculation.

To identify the two distributions the first two moments need to be equalized. After calculation, the relation for a2 parameter and q comes to:
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The a2 parameter is not known, because a4 is not known. But if a certain reliability value is taken into consideration, a4 can be easily determined. 
The reliability expression is:
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Considering the reliability expression written above, if a value for R is set being known the values for p and q, the values of h0 and h can be determined.

As h = a2/a1, the calculation of h0 offers the possibility of calculating a2 as well as a1, using formula no. 10. Therefore the value of mA can be determined according to the following formula:
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The medium value of A can be written:
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The value of sA can be determined because mA and cA are known:


Using a risk percentage of 10% within Kolmogorov-Smirnov test it comes out that the normality hypothesis can be applied under the condition:
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The gamma distribution can be applied as long as:
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