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Explanation of Distortion and Residual Stresses Due to Heat Treatment
Using Simulated Strains-Based Approach

AR ZE=r
ARIMOTO Kyozo

Synopsis: Distortion and residual stress in steel parts due to heat treatment affect directly performance and life of

assembled products. A trial and error method has been used traditionally to solve the problems, which requires

a lot of time and cost. In the 1970s, heat treatment simulation realized based on theoretical studies for predicting

a variety of quantities, temperature, volume fraction of metallic phase, stress, strains, and so on, during the

processes. Into the 2000s, an approach was established to explain the origin of distortion and residual stress

based on the simulated results, especially various kinds of strains, which is called as the simulated-strain based

approach by the author. Here, applications of the approach to some simple-shaped parts are described to clarify

how to explain the origin of distortions and residual stresses, after reviewing fundamental researches related to

this subject.

Keywords: distortion; residual stress; heat treatment simulation; simulated strains-based approach.
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(a) Initial shape. (b)After 200 guenchings.
(c) After 800 quenchings.

Fig.1 Warping of soft steel cylinder through repeated water

quenching.
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Fig.2 Method to quench steel cylinders from a single side.

—— Quenched from 780°C
""" Tempered from 780°C - 1 0
—— Quenched from 840°C

----- Tempered at 840°C

— Quenched from 800°C
----- Tempered at 800°C

[N
@ (b) ©

(a) Armco iron. (b) Carbon tool steel.
(c) Low tungsten steel.

Amount of warping, mm

Fig.3 Bending in steel cylinders after quenching and
tempering.
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(c) Model Japanese sword type specimen (SUS 304).

Fig.4 Appearances of Japanese sword type specimens after
quenching.
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Fig.5 Self-recording for changes of bending in plate during
its one-sided cooling.
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Fig.6 Self-recorded curves of bending displacement at
center of plate.
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Fig.7 Simulated distortion in right section of induction
hardened ring with measured data.
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Fig.8 Simulated distortion in right section of carburized-
quenched ring with measured data (100 times
enlarged).
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Fig.9 Example of Tanaka's specimen.
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Fig.10 Experimental residual stress distribution in Cr steel cylinders.
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Relationship between distortion and stress-strains.
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Fig.12 Simulated axial strain changes in SUJ2 steel cylinder.
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Fig.13 Simulated axial strain changes in SCr420 steel cylinder.
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Fig.15 Simulated strain distributions in 1 mm thickness plate during carburizing.
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Fig.16 Simulated strain distributions in 1 mm thickness plate during oil quenching.
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