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[N/mm2] [N/mm2] [mm] 
Minimum 183.8 315.4 35.4 
Maximum 360 381 40.76 

Tab. 2. Limits of values for mechanic proprieties 
 

Coefficient Values  
A80 L A80 E 

R2 0.685 0.664 
R 0.828 0.815 

Tab.3.Values of determination and correlation coefficients 
 

Chemical composition  
 C Mn Si S P Al 

C 1 0.529** -0.106 -0.329 0.173 0.315 
Mn 0.529** 1 -0.010 -0.146 0.382* -0.094 
Si -0.106 -0.010 1 -0.144 -0.187 -0.134 
S -0.329 -0.146 -0.144 1 -0.194 0.048 
P 0.173 0.382* -0.187 -0.194 1 -0.013 
Al 0.315 -0.094 -0.134 0.0482 -0.013 1 
* Relevant to 95%< **Relevant to 99% 

 
First iteration Second iteration 

 pi(1) Place pi(2) Place 
C 1.529 2 2.541 2 

Mn 1.911 1 3.249 1 
Si 1 4÷6 1 4÷6 
S 1 4÷6 1 4÷6 
P 1.382 3 2.112 3 
Al 1 4÷6 1 4÷6 

Tab. 4. Values of correlation coefficients and of iterations  
 
We checked using the Fisher test the significance of the 

linear correlation coefficient from the linear equation and we 
obtained: Fc = 6.905 > Fcrt = 2.63, the linear correlation 
coefficient is significant for a significance level of α = 0.05 and 
the number of degrees of freedom ν1 = 6 and ν2 = 19. Next we 
tested the significance of the coefficients from the linear 
regression equation using Student test. The results of a test for 
t0,05; 19 = 2.093 indicate that: 
⎜a⎜=42.184 > ⎜Δa⎜= 0.344 
⎜b1⎜=31.754 > ⎜Δb1⎜= 4.864 
⎜b2⎜=12.856 > ⎜Δb2⎜= 0.951 
⎜b3⎜=16.647 > ⎜Δb3⎜= 8.4785 
⎜b4⎜=42.517 > ⎜Δb4⎜= 23.658 
⎜b5⎜=87.689 > ⎜Δb5⎜= 12.495 
⎜b6⎜=0.001 < ⎜Δb6⎜= 3.533 

The coefficient b6, which indicates the influence of 
aluminum, is insignificant in statistical terms and can be 
excluded from the model. It appears that the absolute value of 
coefficients a and bi (i = 1 ... 5) is greater than the confidence 
interval of these factors, so these coefficients are significant. 
After applying the Fisher test to verify the accuracy of the 
linear model, we obtained Fc = 1.477 < Fcritic = 1.955, thus the 
model is reliable. 

Chemical elements in the composition of the metal sheets 
were studied in terms of importance and were put in order after 
optimization. The optimization of the factors influence was 
made through correlation analysis that allowed us to determine 
the statistical relationship between factors. The results obtained 
from the determination of the correlation coefficients between 
the elements of the chemical composition and the results of the 
calculation of the iterations are presented in Table 4. 

Graphs for the linkages of correlation for the probabilities 
of confidence P = 95% and P = 97% are shown in Figure 1. 

From the dependency analysis of equation (1) we observed 
that chemical elements affect in different manner the 
elongation. If the quantity of the element increases: 
- carbon substantially increased A80; 
- silicon, sulfur and phosphorus decreased A80. 

In terms of importance, influence factors may be ordered as 
follows: Mn, C, P şi Si, S, Al.3 

 

                
Fig. 1. Ties correlation graphs: 
a) confidence probability 95%; b) confidence probability 99% 

 
The analysis of the graphs showed that Mn has the largest 

influence due to the number of links established with other 
chemical elements. For a confidence probability P = 95%, Mn 
have two links and for P = 99%, Mn have only a link. Among 
other elements of the chemical composition there are no 
obvious correlation links for confidence probability greater than 
95%.  

Using graph theory and correlation it was discovered that 
Mn is the element with the highest degree of influence on the 
elongation A80.  

Additions of Mn in rage of 0.25 to 0.30 weight % increase 
the mechanical properties since coarse precipitates are avoided; 
the microstructure forming Al-Mn precipitates and a fine 
lamellar microstructure (Domínguez, C. et al., 2002) and forms 
a manganese dispersoid of Al6Mn (Nam, S.W. & Lee D.H., 
2000). 
 
3. CONCLUSIONS 
 

The chemical elements form the composition of metal 
sheets affect in different manner the elongation: 
- increasing the content of carbon and aluminum, increases the 
elongation; 
- if manganese, silicon, sulfur and phosphorus increase, the 
elongation decreases. 

The most important chemical element that modifies the 
elongation is Mn, followed by C and P, and finally Si, S and Al. 

Linear equations provide the best mathematical 
representation for the determination of A80 if the chemical 
composition of metal sheet is known. In the linear equation the 
coefficient for phosphorus is by far the greatest. 

Because the Mn exceeds the optimal values (0.25 to 0.30%) 
a decrease of elongation was observed. 
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