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Study on Strength and Toughness Testing of 45 Steel Based

on Continuous Ball Indentation Method
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(1. Beijing University of Technology, Beijing 100124, China; 2. China Special Equipment Inspection &
Research Institute, Beijing 100029, China)

Abstract: In order to study the testing and evaluation of material strength and toughness of in—service equipment, the continu-
ous ball indentation method is used to obtain the yield strength, tensile strength and fracture toughness of 45 steel, which is
commonly used in engineering. The reliability of the method was verified by comparing the results with those of the conventional
mechanical property test. By studying the relationship between the plastic work produced by the downward pressure of the ball
head and the impact crack initiation energy and fracture toughness, the impact toughness estimation method based on instrumen-
ted ball indentation test technology is established. The results show that the deviations between the yield strength and tensile
strength obtained by the continuous ball indentation method and the actual results are less than 10%, and the deviation between
the fracture toughness value and the experimental result is 12.3%. The calculated results are all within the acceptable deviations
of experimental values. Based on the correlation formula between fracture toughness and impact toughness established by contin-
uous ball indentation technique, the predicted impact toughness results are in good agreement with the values from the instru-
mented impact test. This provides an effective method for rapid evaluation of toughness of in—service equipment materials.
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Table 1  Chemical composition of 45 steel (w) %

C Si Mn P S Cr Cu Ni

0.442 0.201 0.627 0.010 7 0.006 6 <0.25<0.25<0.35
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Table 2 Mechanical properties of 45 steel

R, /MPa  R,/MPa E/GPa A%

657 339 207 25.0
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Table 3  Specimen details of 45 steel
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Fig. 2 Specimens after test
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Table 4  Verification of tensile test results

Fr s LR IR
WS
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357.8 5.5 644.4 1.9
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363.1 7.1 651.4 0.9
358.8 7.4 658.4 1.8
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362.6 8.6 658.4 1.8
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Table 5 Comparison of continuous ball indentation

and fracture toughness test results
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Table 6 Verification of correlation formula
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