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Controlled Forging Technique for Mechanical Properties using Thermo-

Mechanical Heat Treatment
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Synopsis

Controlled forging technique for mechanical properties is one of the useful methods to obtain higher strength or toughness of
steels. It is possible to get about twice strength against conventional hot forging by applying controlled forging process. Otherwise,
controlled forging process needs the increase of forging power and investment for new equipment in many cases, so that there are
some difficulties to apply it to real production. In this paper, the effects of controlled forging on mechanical properties and a new
approach like partially strengthening to promote applying controlled forging to real production are described.
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Table 1. Classification of thermo-mechanical treatment.

Timing of Diffusional transformation Non-diffusional transformation
deformation (ferrite, pearlite) (martensite)
Classification Denomination | Classification Denomination
Before Deformation Controlled Deformation Forged
transformation | under austenite | rolling under austenite | quenching
phase phase
Deformation Deformation Ausforming
under under
meta-stable meta-stable
austenite phase austenite phase
During Deformation Iso-forming Deformation TRIP
transformation | during pearlite during
transformation martensite
transformation
After Deformation Patenting and | Deformation Warm forming,
transformation | under pearlite |drawing under Cold forming +
martensite Aging
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Fig.1. Schematic image of controlled forging concept.

Strengthened part
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Fig.2. Schematic image of partially
strengthening in connecting rod.
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Fig.3. Thermo-mechanical treatment procedure of
semi-hot forging.
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Fig.5. Change of mechanical properties at several
forging temperature.
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Fig.6. Thermo-mechanical treatment procedure of
ausforming.
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Fig.7. Microstructure of ausformed micro-alloyed steel.
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Fig.8. Mechanical property of ausformed micro-alloyed Fig.9. Thermo-mechanical treatment procedure of
steel. precipitation controlling process.
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Fig.12. Change of number density of VC in ferrite.
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Fig.13. Thermo-mechanical treatment procedure of precipitation controlling process.
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Fig.14. Schematic image of production line of precipitation controlling process.
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