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Reliability evaluation of hardness and absorbed energy of

carbon steel SM45C for tempered mechanical structure

Se-Hun Gu

Department of Materials Science and Engineering, Graduate School,

Pukyong National University

Abstract

In this study, SM45C steel(KS D3752), which is widely used for
mechanical structure, was carburized at 870C for 4 hours and
tempered at 300C and 400°C for 1, 3 and 6 hours. The tempered
materials were evaluated for tensile test, hardness test, impact
test and damping ability. In particular, the hardness and the
absorption energy were evaluate the reliability by the Weibull
statistical analysis. 300C -1h specimen is considered to be the best
heat treatment condition in the tensile stress, strain and the
observation of fracture surface. 300 C specimens showed very
fine grains, and increased hardness and strength compared to the
as-received specimens. 400C specimens were slightly finer than
the 300C specimens, and formed tempered martensite and
reduced strength and hardness. 300C -1h specimen showed larger
shape and scale parameter than the other specimens, and

Rockwell hardness variance was small and showed the best



characteristics. 400°C-3h specimen showed larger shape and scale
parameter than the other specimens, the dispersion of impact
absorption energy is small, and showed excellent characteristics.
The bursted surface absorbed the impact energy and showed high
impact absorption energy. The damping ability of 400C specimen
was superior to that of 300C specimen due to the formation of

tempered martensite.
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Fig. 6 Fracture surface. (a) As-received specimen, (b) 300°C -1h
specimen, (c) 300°C -3h specimen, (d) 300C -6h specimen, (e)
400°C -1h specimen, (f) 400°C -3h specimen, (g) 400°C -6h specimen
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Fig. 8 Metallic microscopy structure. (a) As-received specimen, (b)
300°C -1h specimen, (c) 300°C -3h specimen, (d) 300°C -6h specimen,
(e) 400C -1h specimen, (f) 400°C -3h specimen, (g) 400°C -6h
specimen
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Table 1 The estimated Weibull parameters of specimens by
Rockwell hardness

W Shape Scale Mean/Std./
Specimen parameter parameter COV
As-received 21.18 31.68 30-90%%9724/
300C -1h 66.48 61.53 61.%%11.998/
300C -3h 49.49 60.92 60-2()?6%.?17/
300C -6h 45.32 58.72 58.%%12.817/
400C -1h 54.58 53.97 53-%% 12 2174/
400°C -3h 51.11 52.10 51.56%12.5}95/
400°C -6h 32.27 44.10 43-%?&248/
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Table 2 The estimated Weibull parameters of absorbed energy

m Shape parameter Scale parameter| STD/Mean/COV
As-received 3.14 34.1 11.61/30.63/0.40
300°C -1h 5.09 10.1 2.16/9.29/0.24
300°C -3h 5.50 10.0 1.78/9.24/0.19
300°C -6h 4.07 12.9 3.60/11.83/0.28
400C -1h 16.75 47.7 3.18/46.29/0.07
400C -3h 31198 94.6 4.93/92.49/0.05
400C -6h 11.80 57.5 5.19/55.27/0.11

Fig. 14= =AA @RS @5z AdAe] Fode Yehith =
ANGAHG 300CAEHLE A HAETHH S vehia oy, 40

(a)
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(e) ()
Fig. 14 Fracture surface for as-received specimen and heat
treatment specimen. (a) As-received specimen, (b) 300C -1h
specimen, (c) 300°C -3h specimen, (d) 300 -6h specimen, (e)
400°C -1h specimen, (f) 400 -3h specimen, (g) 400C -6h specimen
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Fig. 15 The bursted surface of the 400C -3h specimen obtained

from the impact test
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