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Development of High-strength Case-hardened Boron Steel

ooooopoge

oogooooe ooooopoge

Hitoshi KINOSHITA Atsushi MURAKAMI Natsuko SOTA

oooooogeoen oooooooees Ooo0ooooQgees

Toru TAKAYAMA Takanari HAMADA Yusuke USUI
ooono ABSTRACT

gboboboboooboooooooooooobooon
gobobooboooooobooooooooboboooooon
gobobooobooobooboboobboobbooo
0oooooooomeodioo@muoooooonoonQ
goboboboboboomHet OO0 OOoooooo
gbobooooooobobobobooboboooboooo
goboooooooooboooooooobobobobooooob
000000000t @Jominy OO0 M O0O0O0O0O0O0OQ
goo0O JssCrboobooooobooonono crobonod
goboboooooooooobooboooooooboooooo
gogobooboobooboboboboboboboobocer
gbobobooobooboobooobooboboboooo

A high-strength case-hardening steel maintaining good cold
forgeability has been developed for use in the manufacture of
transmission shafts. The cold forgeability of the steel enables
workability to be maintained when the steel is used in the form
of wire in a multiple-stage former, as has now become standard.
The developed material is aso able to match the strength increase
that was previoudly achieved using a specia heat treatment (cold
guenching) by using a standard carburization quenching (hot
guenching). Higher strength represents an impediment to the
straightening process that follows carburization, and it was
therefore necessary to achieve a balance between high strength
and straightenability. In order to do so, flattening of the
hardenability curve (Jominy curve) was focused on. Boron was
added to a conventional JS SCr alloy steel and Cr content was
adjusted to develop a new steel. During the development process,
the mechanism by which the addition of boron causes a decline
in the hardenability of the carburized case was clarified, and
hardenability was enhanced by the addition of Cr, enabling the
achievement of the development goals.
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Fig. 2 Cross-sectional hardness distribution
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Table 1 Chemical composition and measured DI value
(mass%) (in)

C | Si|Mn|Cr|Mo|Nb| Ti B DI

Steel A 0.20|0.03|0.60(1.06| — |0.031j0.031j0.0012/2.52

HSCM420H|0.20|0.20|0.70{1.10|0.10| - | - - |2.50

Table 2 Chemical composition

(mass%)
C | Si|Mn| Cr|[Mo| Nb Ti B
Steel A
0.8%C-B 0.79/0.05|0.75|1.06| — |0.036|0.0280.0017
Steel A
0.8%C 0.79]/0.05(0.75|1.06| — |0.036[0.028| -
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Fig. 3 Hardening-related test results
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Fig. 4 Boron compound (AES mapping) separated
at grain boundary in steel A 0.8%C-B
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Fig. 5 Effect of boron compound vicinity in EPMA
line analysis
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Fig. 6 TEM image of steel A 0.8%C-B steel and
electron diffraction pattern

ooojoooomdogoooooooocobboooog
gbobooboooooboobobooboo
gooooo0obooOoooooOdOcadbooonoOO
gbobobobobobobobooboobddet OO
goboboooooooboboboboboboooooo
goboboooooooooboooboooooooboooooo
gbob Het OOOOOODOoOOoOoOoOooOoo sCr O
gboboboobooboobobobobobooon

34.0000000000000

goboboboboobooboooobooooooooooon
gboboboooooooboboboboboobooboooo
goboboboobbobooboboboobooooon

goooogusGos6100000 00 ¢@ 25x 100 mmO
gobooooooooooboooooooboboooooo
O000O0O0O0O0g930d- 30min. OO 8400- 20 min. O
gogJgsgobooboboooooooobobooboos
mm 0000000000000 000000

AOO0ODOOOOO0ODOOODOO Fg.70000ADO
gboobooooooobobobobobobooooo
goooooooooobooooooooboboooooo
gboooboobooboboobobooboboooboooboooboon
goboooooooooboooooooobobooooogoo
goboboooooooobooooooooboobooooooo
goboboooooooboboboboboboooooo
gboobooooooobobobobobobooboooo
goood

900
® Steel A
800 |- O HSCM420H
E 700 |
7
o 600 |
o
°
8 500 |
400 |-
300 1 1 1 1 1 1

0 5 10 15 20 25 30
Distance from quenched end (mm)

Fig. 7 Carburization Jominy curve
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Table 3 Chemical composition

(mass%)

C | Si|Mn|Cr|Mo| Nb Ti B
1.6% Cr 0.14(0.05|0.50(1.60| — |0.028|0.025|0.0016
1.8% Cr 0.14|0.05/0.50|1.80| — |0.028|0.025|0.0016
2.0% Cr 0.14|0.03|0.49|1.99| — |0.028|0.024|0.0015
HSCM420H(0.20|0.20|0.70(1.10|0.10| - — -
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Fig. 8 Carburization Jominy test results
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Fig. 9 Cross-sectional hardness analysis
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Table 4 Chemical composition of developed steel

(mass%)

C | Si|Mn]| Cr| Mo B Ti Nb

Developed steel|0.16(0.05{0.55|1.93| — [0.00150.040(0.040

HSCM420H 0.20|0.20|0.70{1.10|0.10| - - -
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