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Hardenability Control of Case Hardening Steels

Norioki UYEHARA, Yoshiaki TANARA and Hisashi OHTA

Synopsis:

As the increase of switchover from carburizing to induction hardening, hardenability control of shallow
hardening steels for induction hardening has become to be important. This paper introduces newly de—
veloped control techniques for such steels comparing with conventional methods.

As for alloy steels, Jominy (end quenched) hardness at a particular distance has been required to be con-
trolled within a small range in order to maintain the strength and to minimize the quench-distortion. The
control methods for such a requirement is noted to have reached to a considerably high level. On the con—
trary, hardening depth is required to be controlled in the case of induction hardening. Therefore, the
authors have established new technical methods for controlling Jominy distance specified at a particular
hardness level. Basically two developments are included in this control system. The one is a computerized
prediction of whole Jominy curves from chemical compositions of molten steel and the other is a new steel—
making process consisted of EF (Electric Arc Furnace Melting) +LF (Ladle Furnace Refining) +RH (RH

Vacuum Degassing) +CC (Continuous Casting).
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Fig. 1. Influence of tooth root hardness on the
endurance limit of carburized gearsV.
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Fig. 2. H-Band of JIS SCM420H and an exam-
ple of special requirement from a customer.
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Fig. 3. A prediction and control system of hard-
enability ( Jominy hardness) during melting.

ig. 4, An example of TV-display of the result
of prediction of Jominy curve (JIS SCM420H).
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Table 1. The effects of double refining (LF +RH)
on the accuracy of control of chemistry.

Deviation (%)

Process

C Si Mn S Cr Mo
AF-RH —0.005 0.010 0.019 0.0015 0.016 0.002
AF-LF-RH —0.001 0.002 0.000 0.0008 0.005 0.001
Process : AF=Arc Furnace Melting

LF=Ladle Furnace Refining

RH=RH Vacuum Degassing
Deviation : (Ladle Analysis) — (Aiming)
Steel grade : Carburizing steels

Number of heat : 70 heats
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Fig. 5. Influence of induction hardened depth

(Dy) on fatigue endurance limit of a medium
carbon steel (JIS S45C).
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Fig. 6. An example of Jominy curve of a
carbon steel (JIS S45C).
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Table 2. Conditions of the induction
harderning test.

Sample 25 mm dia., 70 mm long
i Heating 100 kHz, 14 kV, 9 A
Size : 35 mm dia., 10 mm long
Coil —_—
Travel : 6 mm/s — 18 mm/s
Quenching Water jet
| R
Dh D

—
5mm
Transverse cross—section of a induction hardened round bar.
D, : Solution depth
Depth of austenitization at induction heating.
Metallographically, 50% of prior microstructure+
50% of hardened microstructure
Dy : Hardened depth
Depth of hardened region after quenching.
Metallographically, 50% of martensite+50% of
hardened microstructure Other
than martensite.

Fig. 7. Definitions concerning induction-affected
Zones.
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Fig. 8. Relationship between induction-hardened
depth of round bar specimens and end-hardened
distance of Jominy specimens.
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Fig. 9. Relationships between induction-
hardenability and Jominy-hardenability.
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Fig. 10. Effects of alloying elements on induction-
hardenability and Jominy hardenability.
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Fig. 11. Influence of prior heat treatment on
solution depth and hardened depth of JIS S45C.
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Fig. 13. An example of the prediction of proper
chemistry meeting Dy=4.5 to 5.5 mm at HRC45.
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