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The Effect of Isothermal Annealing on Microstructure of Forged Parts

D. B. Kim and J. H. Lee
Materials Processing Laboratory, Korea Institute of Machinery and Materials, Changwon, Kyungnam, 641-010

Abstract The ring gears of automobile parts are manufactured generally process chart of which is as follows : forging
— annealing or normalizing — rough machining — hardening(Quenching-Tempering or carburizing process) — finish
machining. Isothermal annealing process after forging is most effective in the side of improvment of machinability. On
this study we selected two kinds of steel;SCM415, SCM435 of most universal and investigated microstructures to find
out most suitable condition of heat treatment in proportion continuous cooling and isothermal annealing. As the cool-
ing rate is 5°C per minute in continuous cooling process, martensite and bainite are coexisted with ferrite and pearlite
in SCMA435 steel. If the cooling rate is slower than 5°C per minute, microstructure were only ferrite and pearlite but
formation of band structure can't be avoid. On the other hand, microstructure is only ferrite and pearlite regardless of
cooling rate because carbon content of SCM415 steel is low. Moreover formation of band structure isn't exposed by
faster cooling rate. Most optimal temperature of the isothermal annealing is from 650°C to 680°C in SCM435 steel.
When holding time is 60 minute with 650°C, the identical ferrite and pearlite m|crostructures can be obtained
(Received March 17, 2000)
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Table 1. Chemical composition of specimens
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SCM 415 0.13~0.18 | 0.15-035 | 0.60~085 | max.0.03 | max.0.03 | 0.90~1.20 | 0.15~0.30
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Fig. 1. Heat treatment cycle of continuous cooling and isothermal annealing.
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Fig. 2. Micrographs of SCM435 steel by continuous cooling; (a) 5°C/min, (b} 10°C/min, (c) 15°C/min, (d) 20°C/min.
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Fig. 3. Volume fraction and hardness of phases by continuous cooling in SCM435 steel.
Table 2. Volume fraction of phases by cooling rate in SCM415 steel
W Volume fraction of ferrite Volume fraction of Pearlite HV (0.3 Kgf)
cooling rate
5°C/min 734 26.6 143
10°C/min 72.9 27.1 149
15°C/min 71.7 28.3 159
20°C/min 69.6 304 154

A & A5 ol RuREEE FUhs e
Holn ot Moz 7Aoo dAl HE A
& 98 g3hks Fuuigl 50:508) RuulE A7) 98|
ME EF0 343 Wze) "ashy o Ff FA
Band structure® HE 4 Qvke AE Utk F,
SCM41572 A&zt QJsir dhe vMz3E

& F Utk F QA ol Aole @iFEHe] we
shsel Rlole] mE Hez Almedt.

32 B2 ol By
SCM435732] 600~680°C &% HeollA 4] Azt
o we vHZY B 7 JEe] ¥-8§& Fig 59 Fig



306 A% -

650°C/60min holding, (d) 680°C/20min holding.
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Fig. 6. Volume fraction of phases, hardness, and distance
of cementite by isothermal annealing in SCM435 steel
(F:Ferrite, P:Pearlite, B:Bainite, M:Martensite).
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Fig. 7. micrographs of surface by heating in SCM435 steel; (a) 900°C/1hr, (b) 900°C/2hr, (c) 600°C/2hr, (d) 700°C/2hr.
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