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Introduction
The strength of two new types of steel needs to be determined based on their carbon contents. Recorded data of 9 other types of steel shows that the carbon content and strength of the steel are mostly proportional. In this case, strength will increase as the carbon content does. The first new steel has a carbon content weight of 0.33% which is in the range of the given data while the other type has a weight of 1.0% which is outside of the range. To predict the strength of these two steels we must interpolate and extrapolate using the data of the 9 other steels, respectively.
Materials and Methods
Recorded data from 9 other steels is organized into tables for analysis. The relationship of the two sets of data is to be analysed in 3 scatter plots regressed with different trends. The plotted data will be tested to see what regression trend is best to represent it. To see if it’s the best fit, the coefficient of correlation and determination will be calculated and compared to the generated ones using cubic and 6th order polynomial regression trends. Finally, using the three regression trends from the graphs, a prediction of both new steels will be determined.
Results
Calculating the predicted strength of the two new steels using the linear regression trend resulted in a strength of 386.6 MPa for 0.33% carbon content and 612.4 MPa for 1.0% carbon content, shown in table 3. Using the cubic regression trend, the predicted strength of the 0.33% carbon content steel is 379.1 MPa and 520.7 MPa for 1.0% carbon content. Lastly, using the 6th order polynomial regression trend, the predicted strength of the 0.33% carbon content steel is 360.3 MPa and -43.22 MPa for 1.0% carbon content.
Discussion
For accuracy and precision, the 6th order polynomial regression trend, in figure 5, best describes the given pairs of data since the R-squared value is 0.9941. But, as seen in the results, the predicted strength of the 1.0% carbon content steel using this trend is unreasonable and impossible since it is a negative pressure. The accuracy of the prediction made using a linear regression trend, in figure 3, is the highest. The strength of the 0.33% carbon content sits in between the 0.3% and 0.4% carbon contents steels where it should be as the data is proportional in that range. The strength of the 1.0% carbon content steel is also realistic. Even though the data isn’t completely proportional, as seen towards the end of the cubic regression line (figure 4), the linear prediction for the 1.0% steel is accurate since overall the plotted data has a consistent upward trend which means the steel has a better chance at having a higher strength than the previous 0.95% steel. Comparing the linear trend to the cubic trend, since the last data point causes a dip in the regression, the predicted values using a cubic trend will have a downwards trend past the last data point which is unrealistic.
Conclusions
While the 6th order polynomial and cubic trends describe the plotted data the best, the linear trend gives the most realistic prediction for the strength of the new 0.33% and 1.0% carbon content steels. The 6th order polynomial trend gives an impossible prediction for the 1.0% steel which makes it very unreliable. The cubic trend doesn’t predict an impossible strength but does predict an unrealistic downwards trend after the last data point.


APPENDIces- Figures and Tables
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Figure 1: Analysis of given steel data
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Figure 2: Excel Regression Summary Output Data
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Figure 3: Carbon Content vs Strength graph with linear trend
Figure 4: Carbon Content vs Strength graph with cubic trend

Figure 5: Carbon Content vs Strength graph with 6th order polynomial trend


Table 3: Predicted strengths based on carbon content using three different trends
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Sample Calculations:






















Carbon Content vs Strength 
Cubic Trend


0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	493	483	585	543	Carbon Content (weight %)


Strength (MPa)



Carbon Content vs Strength
 6th Order Polynomial Trend

y = -305,887.74x6 + 941,358.05x5 - 1,132,057.41x4 + 673,945.81x3 - 207,236.53x2 + 31,327.60x - 1,493.00
R² = 0.9941

0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	493	483	585	543	Carbon Content (weight %)


Strength (MPa)



Carbon Content vs Strength
 Linear Trend


0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	493	483	585	543	Carbon Content (weight %)


Strength (MPa)
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095 543 595.556941| 546.9764 | 543.022057
R?_value for the regression 0.8971 0.9638 0.9941
Interpolation: 0.33 386.6026 | 379.0526736 | 360.331405
Extrapolation: 1.00 612.408097|  520.7 -43.22
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Table 1: Linear Model Calculations

x-x (-3 =37
m+b
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.947162077
R square 0897116
Adjusted R Square | 0.882418286
standard Error 34.16781294
Observations B
ANOVA
df S5 s F__ SignificanceF

Regression 1 71257.92391 71257.92 6103773 0.000106004
Residual 7 8172.076087 1167.433
Total 8 73430

Coefficients_Standard Error__tStat __P-value _Lower 95% __Upper95% _Lower95.0% Upper 95.0%
Intercept 275.3349669 2279658336 120801 6.08E-06 2214796012 329.2903326 2214796012 329.2903326

X Variable 1

337.0231306 __ 43.13802985

7.812669 0.000106

235.0178991 439.0283621 235.0178991 _439.0283621





