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Abstract. The mechanical reliability uses many statistical tools to find the factors of influence and their levels in 

the optimization of parameters on the basis of experimental data. Design of Experiments (DOE) techniques 

enables designers to determine simultaneously the individual and interactive effects of many factors that could 

affect the output results in any design. The state-of-the-art in the domain implies extended use of software and a 

basic mathematical knowledge, mainly applying ANOVA and the regression analysis of experimental data.   
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1. INTRODUCTION 

 

The complexity and diversity of working conditions, the number of variables they 

involve, as well as the often chaotic environment to which they are subjected , makes it 

difficult to use prior knowledge (in the form of mathematical models, for example) to 

construct and calibrate the manufacturing systems and other mechanical equipments. In these 

cases, experimentation, usually costly, is an important approach to generate knowledge which 

can be used for effective analysis and decision making [7]. The importance of the area for 

engineering activities is illustrated by the existence of a Society of Model and Experimental 

Engineers, founded in 1898. Experimental design, or Design of Experiments (DOE), provides 

a set of consistent procedures and principles for collecting data so that an estimate of 

relationships between one set of variables, called explanatory variables, and another, called 

dependent variables, can be performed (even if there are experimental errors) [8]. K. 

Sundararajan [17] gives a very good image of the essence of design of experiments. 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.1 Process factors and responses [17] 
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2. DOE, RELIABILITY AND SOFTWARE APPLICATIONS 

        

The important influence factors can be identified empirically through experimentation 

which involves changes in the factors values and observing   the resulting reliability [14, 11]. 

When DOE is used for life testing, the response is the life or failure time [9]. E. Sivaraman 

[10] described some principles of using design of experiments for accelerated reliability 

testing. Many important statistical softwares offer extended solutions for computer assisted 

experimental design, like Minitab [4], Statistica [15], etc., even specialized software for DOE 

(Statease with Design-Expert® V8 Software for Design of Experiments) [12]. The same 

interest for experimental design is present in the case of reliability software, like Weibull++ 

[9], Reliasoft [13, 14], QuART [6], etc.[1]. ReliaSoft’s DOE++ offers a good combination 

between reliability and design of experiments. As example, during warranty analysis, a cylinder 

assembly was found to be problematic and the analyzed response of the experiments (field data) was 

measured in terms of the reliability at the end of the warranty period and was obtained through 

warranty analysis of sold items and warranty claims. QuART PRO can help reliability engineers 

analyze their experiments and use their statistical results to optimize (or improve) their design 

(or operation) [6]. For example, to increase the Mean Time Between Failures (MTBF) or 

decrease the Mean Time To Repair (MTTR) of a product to improve its overall Availability, it 

needs to identify which factors are affecting the performance measure and investigate what 

effects, these factors have on it [6].  

 
 Table 1  Experimental data  

 

 

 

 

 

 

 

 

 

 

 

 

 

3.APPLICATION EXAMPLE 

       

 A reliability experiment concerns the pneumatic tires for vehicles: the wear of tires is 

analyzed as function of the tires pressure (t) and vehicle speed (s) and the life time (L) is 

registered (tab. 1) [2].   M.Vigier [2] follows the usual statistical way for regression. Next is 

developed the computerized way. To follow the same path of calculus it will be used a 

bivariate quadratic function for regression:   

L=b0+ b1t+ b2s+ b3t
2
+ b4s

2
+ b5st  (1)  and the coefficients b0,…..b5 will be determined.  
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For a more detailed analysis first will be determined a simpler regression function, a linear 

bivariate one, namely: 

 L=b0+ b1t+ b2s                                                                                                                   (2) 

with the calculi in MS Excel in the next tables:    

 

Table 2  Correlation   

 
         

In Table 2 is important the coefficient of determination (R Square), 0.855461, 

demonstrating a very good correlation. In the next table, with ANOVA results, the values of 

Fisher function, F (calculated value), and Significance F (tabulated value) are compared using 

the F-test: F>>Sig F, that demonstrates that the null hypothesis is rejected: there is a 

correlation between the experimental values [8]. The amount of evidence required to accept 

that an event is unlikely to have arisen by chance is known as the significance level α or 

critical p-value, the probability of observing data at least as extreme as that observed, given 

that the null hypothesis is true. Here the p-value from the table is lower than chosen α (0.05), 

and so the null hypothesis is again rejected. On this basis, it is possible to look for a 

correlation function for the dependency between the reliability (life time) and the variables 

pressure and speed. 

 
Table 4 Regression results 

    

       From table it results: b0=35.5; b1=23.3; b2=-0.43. After this verification, further, in the 

same way, it will be evaluated the data fit with the regression quadratic function (1).  
Table 5 Correlation 

      
 

 

http://en.wikipedia.org/wiki/P-value
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Table 6 Anova results 

 
        

 

As above, the correlation is verified (R Square is even bigger) (tab.3), and analysis of 

variance gives again a very good result for F-test:  F>>Sig F, that demonstrates that the null 

hypothesis is rejected: there is a quadratic correlation between the experimental values [7]. 

 
Table7 Regression results 

 
        

 From table 7 it results: b0=364, 1; b1=-237.5; b2=-1.558; b3=33.3; b4=-0.004; 

b5=1.062. The p-values are here less decisive: only the value corresponding to interaction 

between speed and pressure (0.037) is lower than considered α (0.05), that means, in a more 

restricted analysis, only this term of regression function can be considered as a truly 

influential factor upon the life time of tires. The following studies may develop further the 

factors influence on the reliability of tires.      

 

4. CONCLUSIONS 

       

  Design of Experiments (DOE) techniques enables designers to determine simultaneously the 

individual and interactive effects of many factors that could affect the output results in any 

design. While there may be potentially many parameters that affect reliability, some factors 

will tend to be more important, with a bigger impact on reliability as the values of these 

factors are changed. A reliability experiment for the pneumatic tires is detailed: the life time 

(L) of tires is analyzed as function of the tires pressure and vehicle speed with statistical 

software solutions. 
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