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Development of steel with stable heat treatment distortion
Takayuki Kasai, Yasukazu Unigame, Ichiro Takasu, Ryoji Hayashi and Shinichi Kitade

Synopsis: Recently, the demand to variation reduction of heat treatment distortion becomes increasingly severe, because of
the cost reduction and the environment influence by production process saving, such as polish process elimination
after heat treatment.In order to develop steel with little variation in heat treatment distortion, effects of the core part
area fraction of a bar and the aspect ratio of a core in a bar were investigated.Consequently, the followings were
found;

1) As for the variation of heat treatment distortion of a part, the core area faction of a bar had more contribution

rather than the aspect ratio of a core.

2) Decreasing the core part area which remains in parts is effective for reducing the variation in heat treatment dis

tortion. By applying this steel, to the automobile parts, the variation in heat treatment distortion at carburized

quenching was reduced rather than conventional steel.Moreover, this steel is expected to applicable not for that

parts but also for hollow parts with comparatively thick wall in the core of high accuracy parts.

Key words: carburized quenching, heat treatment distortion, variation, core, aspect ratio, area fraction, case hardening steel,

CAE, macro pattern
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Fig.1 Heat treatment experiment method
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Table 1 Chemical compositions of specimen for heat
treatment experiment

O massd O
() Si Mn S Ni Cr Cu
0.17 0.17 0.85 0.013 0.07 1.19 0.13
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Fig.2 Carbon contents of each domain
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Fig.3 Transformation strain of each domain
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Fig.4 Relation between transformation strain and car-
bon contents
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Table 2 Chemical compositions of specimens

O massO O

Steel C Si Mn S Ni Cr Cu
A 0.19 0.17 085 0.013 0.07 1.19 0.13
B 0.19 0.17 0.82 0.016 010 1.19 0.12
C 0.19 0.17 0.83 0.016 0.14 1.24 0.10
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Fig.5 Macrostructure of specimen
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Table 3 Aspect ratio and area fraction of core part

Steel Aspect ratio Area fraction
A 1.28 24.0%
B 1.47 16.1%
C 1.03 29.9%
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Fig.6 Carbon content variation between core part and
perimeter part

303 0DO0obooooooooboooobo
gbobooobooobbooobobooobobooooo
oboboooooboobobooooboboboobDoon
gbobooboobobobobooobobobobon
goboooobbooobobooobobooooboooboo
gboobooooboooooobooboboboooon

Fig.700000000000O00O0O0OO0OO0OO00OO
gboboboboob

@37x 51mm

60x [@28x 25mm

2 _ |\'-._.:;>, ' ‘\

Billet Processd 1 Processd 2

Fig.7 Forging process of parts (CAE)
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Table 4 Core size of billet and bar

O mm0O
Steel A B C
. Long side 82 72 82
Billet -
Short side 64 49 80

Long side 9.1 8.0 9.1
Short side 7.1 5.4 8.9

Forging material
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Fig.8 Metal Flow of forging parts (CAE)
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Fig.9 Core part in after forgingl CAEO
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Fig.10 Calculation method of carbon content varia-
tion
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