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Microstructure Evolution and Mechanical Properties of Steel treated
with Back-Torsion Working
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Abstract  The formation of fine grain structure in steels by various severe plastic deformalion processes, such
as ball milling, equal channel angular process and accumulative roll bonding are distinctly demonstrated. In a new
process to achievement grain relinement, the back-torsion working was devised. In present study, the S10C steel
treated with its working has been produced using the conventional torsion apparatus, and subscquently the
microstructure evolition and mechanical properties have been investigated. The shape restoration phenemenon,
fine grained and hardening by back-torsion was confirmed. The deformed grain size as functions of rotational
number, “n and distance from centre, » is predicted and compared favorably with experimental measurements.
The relationship between measured hardness and grain size known as Hall-Peifch equation is clarified in a present
steel with its working. Focusing on deformed dual phase steel including soft/hard (ferrite and pearlite) phases,
prafitable conditions 1o produce material balanced strength against ductility are discussed based on the results of
microstruciure observation and fracture mechanics analysis.
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Table 1 Chemical composition of a S10C (mass%)

C Si Mun P 5 Ni Cr Cu Fe
SI0C| 03] 021 | 042 | 0013 | 0016 | GO7 | 018 | QI3 bal.
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Fig.1 Geomeltry of the round specimen for the
torsion and back-torsion tests (in mm)
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Fig.2 Shape restoration phenomenon of a
S10C steel shaft processed back-torsion working
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Fig.3 Microstructures showing the deformation
regions on nearly outside surface in the S10C stecl
shafts processed
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Table 2 Mechanical properties on a S10C steel
obtained from tensile and torsion tests

Ultimate tensile strength, o/ MPa 431

Yield stress, a / MPa 206
Fracture strain, £ 0.23
Torsional strength, 7, / MPa 241
Torsional yield stress, 7, / MPa 182

Vickers hardness, HYV (as annealed) 127
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