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New Steel Product for Induction Hardening which 
Enables Omission of Heat Treatment in Cold Forging 
Process

1.	‌� Introduction

  Automotive shaft parts, as shown in Fig. 1, are 
sometimes manufactured by cold forging after soften-
ing annealing, followed by quench and temper (QT) 
and induction hardening, using carbon steels for 
machine structure. Although softening annealing is a 
necessary treatment process for cold forging of  steel, 
there have been strong needs in recent years, particu-
larly for process omission and CO 2 reduction to realize 
carbon neutrality (CN). In response, JFE Steel devel-
oped a new steel product for induction hardening 
which enables omission of  the softening annealing. 
This article introduces the features and properties of  
the developed steel.

2.	‌� Features and Properties of the Developed Steel

2.1	‌� Alloy Design

  As shown in Table 1, carbon steels for machine 
structure have a comparatively small content of  alloy-
ing elements, and when air-cooled after hot rolling, 
their microstructure becomes ferrite and pearlite. On 
the other hand, in the QT and induction hardening 
processes, it is transformed to a martensitic microstruc-
ture by quenching (rapid cooling) from the austenite 
phase. In alloy design, it is necessary to consider micro-
structural changes of this type. That is, it is important 
to adequately reduce the deformation resistance of the 
as-rolled microstructure (ferrite and pearlite), while 

also maintaining sufficient hardenability for the mar-
tensitic transformation during quenching (rapid cooling 
from austenite). Since the strength of  the martensitic 
microstructure depends mainly on the C content, it is 
necessary to add C to the substitute material in an 
amount equivalent to the content in the carbon steels 
for machine structure.
  Based on this design concept, the amount of  addi-
tion of  each of  the alloying elements was changed in 
the developed steel. For example, Si is an alloying ele-
ment that increases deformation resistance through 
solid solution strengthening of ferrite 1), while Mn is an 
alloying element that increases deformation resistance 
through an increase in the pearlite fraction and refine-
ment of  the pearlite lamellar spacing 2). Therefore, in 
the developed steel, deformation resistance was reduced 
by reducing the amounts of Si and Mn. Because reduc-
ing Si and Mn also reduces hardenability, a design that 
compensates for this reduction by addition of  Mo, Ti 
and a small amount of B was adopted. The amounts of 
the alloying elements were optimized to satisfy reduced 
deformation resistance while also securing hardenabil-
ity.
  The following introduces the results of  a study of 
the possibility of  omitting the annealing process and 
an evaluation of  the properties of  the developed steel 
after induction heat treatment, assuming a C content 
of 0.38% design.

2.2	‌� Study of Omission of Annealing

  Ingots of the developed steel and S38C were cast by 
high frequency vacuum melting. They were hot forged 
into round bars with a diameter of  50 mm and were 
then subjected to normalizing heat treatment. Addi-
tional softening annealing was performed only with the 
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Table 1  Chemical compositions

C Si Mn Others

Carbon steel Various 0.15~0.35 0.30~0.90 –

Developed steel Reduced Reduced Mo, Ti, B

Fig. 1  Conventional process and target process
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S38C. Photo 1 shows the microstructures of  the 
annealed S38C and the developed steel without anneal-
ing. Compared to the S38C, a reduction in the pearlite 
fraction can be shown in the developed steel. The upper 
right corner of  the images also shows the measured 
result of  the Vickers hardness. The hardness of  the 
annealed S38C and the developed steel without anneal-
ing is the same. Thus, the developed steel is sufficiently 
soft, even if  softening annealing is omitted, indicating 
that it is possible to omit the softening annealing pro-
cess.

2.3	‌� Evaluation of Properties after Induction 
Hardening

  A rotational bending fatigue test was conducted to 
evaluate the properties of  the developed steel after 
induction hardening. Assuming an actual parts manu-
facturing process, the test piece preparation procedure 
simulated cold forging by cold drawing, followed by QT 
for tempering.
  Next, rotational bending fatigue test pieces having a 

notch with a radius of  1 mm were taken from the QT 
material as shown in Fig. 2. The induction hardening 
conditions were as shown in Table 2, and the object of  
the heat treatment was the range of the test piece con-
taining the notch.
  Photo 2 shows the microstructures after induction 
hardening. Both the S38C and the developed steel show 
a uniform martensitic microstructure. Although 
annealed steel was used as the S38C specimen, while 
the developed steel was used without annealing, the 
microstructures of  both steels were transformed to 
martensitic microstructures by QT before induction 
hardening. Therefore, it is estimated that annealing did 
not affect the microstructure after induction hardening.
  Table 3 shows the hardness data after induction 
hardening. Here, the surface hardness was evaluated by 
the Vickers hardness 0.1 mm below the surface, and the 
depth of  the hardened layer was evaluated as the dis-

Table 2  Test conditions of induction hardening

Quenching

Temperature (˚C) 900

Heating time (s) 1.3

Cooling
Jet cooling with  

aqueous polymer solution

Tempering

Temperature (˚C) 90

Holding time (ks) 3.6

Cooling Air

Table 3  Hardness data after induction hardening

S38C Developed steel

Surface hardness (HV0.3) 605 617

Hardening depth (mm) 
  �Distance from surface with 

400 HV or higher
2.0 1.8

Fig. 2  Shape of rotation bending fatigue test piece

Photo 2 � Microstructures near the notch of fatigue test 
specimen after induction hardening

(a) S38C  (b) Developed steel

Fig. 3  Results of rotation bending fatigue test

Photo 1  Microstructures before cold forging
(a) Annealed S38C  (b) Developed steel without annealing
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tance from the surface where the Vickers hardness was 
HV 400 or more. The S38C and the developed steel 
showed similar hardness and hardenability.
  Figure 3 shows the results of  the rotational bending 
fatigue test with test pieces subjected to induction 
hardening. The S38C and the developed steel showed 
similar fatigue strength, and results consistent with 
Photo 2 and Table 3 were obtained.
  The results described above showed that softening 
annealing can be omitted when using the developed 
steel, which has excellent cold forgeability. In addition 
to that, hardness and fatigue characteristics of  the 
developed steel after induction hardening compared 
favorably to those of the conventional carbon steel.

3.	‌� Conclusion

  The newly-developed steel for induction hardening 
which enables omission of  softening annealing intro-
duced here is expected to be a new material that con-

tributes to carbon neutrality in customers’ parts manu-
facturing processes. In addition, JFE Steel developed 
JECF™, which enables omission of heat treatment, for 
use in carburizing applications 3). We will continue to 
develop new products to respond to the customer’s 
needs in the future.
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