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Investigation for Improvement of Heat Treatment Distortion and Dimensional Change of Steel Shaft

JRRARY SRSt T R+

Takeshi FUJIMATSU, Morihiko NAKASAKI

Synopsis: Relatively small changes in shape of parts that result from the heat treatment is required in production of the steel
shafts and gears. It is because undesirable distortion and dimensional change give rise to the increase of reject
parts in production process or noise and vibration of working components. Although heat treatment distortion is
related to strain distribution in steel parts, it has not clearly clarified yet. On the other hand, chemical composition
of steel is often adjusted for the development of high-strength steel parts. Influence of it on heat treatment
distortion and dimensional change has not been sufficiently discussed yet. In this study, we investigated and
calculated the distortion of steel shaft with a keyway. Based on the result of that, we conducted the further
experiments of a number of steels with various transformation start temperature during quenching. As a result,
distortion of steel shaft is improved by lowering the transformation start temperature of steels. This favorable
improvement is due to relatively low cooling power of quenching oil at that temperature. This change of a
distortion behavior was also demonstrated by the heat treating simulation. Meanwhile, in this experiment, length
change of a steel shaft is strongly related to its hardenability. This means appropriate alloy design will be able to
improve the dimensional change of steel shafts.

Key words: heat treatment, quenching, distortion, dimensional change, steel shaft, simulation, transformation, heat transfer
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Table 1 Chemical composition of steels for preliminary
experiment. (mass%)

Steel C Si Mn Ni Cr Mo \
SCr420 0.22 | 0.22 | 0.82 | 0.04 1.18 | 0.02 -
SKD61 0.38 | 093 | 042 | 0.07 | 5.12 1.19 | 0.80
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Table 2 Transformation start temperature and
hardenability of steels.

Steel Transformation start temp. Jis Jo JolJ15
SCr420 440°C 46.8HRC [32.2HRC| 0.69
SKD61 363°C - - -
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Fig.9 Jominy curve of SCr420.
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Fig.12 Axial strain and difference of axial strain after quenching by simulation.
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Table 3 Chemical composition range of steels. (mass%)

Steel (¢} Si Mn Ni Cr Mo Ti Nb B
0.16~(0.22~|0.28~ 1.10~ 0~ 0~
No.1~10 =0.11 =0.05|=0.04
0.25 | 0.52 | 0.82 2.03 0.04 | 0.002

Note - SCr420 listed in Table 1 is included.

Table 4 Transformation start temperature and hardenability of steels.

fHE Transformation start temp. Jis Jo NIt Jold1s | Jiuldis
41.8~ 32.2~ 27.8~ 0.68~ 0.64~
No.1~10 412~500°C
49.6HRC |47.9HRC |46.5HRC 0.97 0.94
Note - SCr420 listed in Table 2 is included.
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Fig.15 Relationship between deflection after oil-quenching and transformation start temperature.

Transformation start temperature (°C)
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Fig.16 Relationship between length change of

specimen, 20mm in diameter, after oil-
quenching and hardenability of steels.
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Fig.17 Relationship between length change of

specimen, 27mm in diameter, after oil-
quenching and hardenability of steels.
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