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Effects of Alloying Element on Strength and Toughness of Microalloyed Steels

Takayo Chiba, Shozo lkeshita, Kazuhiro Kobayashi, Toshio Sato
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Synopsis : Microalloyed steels have been widely used as substitutes for hardened and tempered carbon steels since they
can remarkably reduce production costs of machine parts. Recently,this trend of microalloyed steels extends
to the field of alloy steels. It is most important to minimize toughness drop over 1000MPa range of tensile strength
for achieving higher strength comparable to alloy steels. In this paper,we examined and summarized the effect
of every alloying element on strength-toughness and gave the guideline to develop high strength and toughness

microalloyed steels.
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Table 1 Chemical composition. (mass%)

Steel C Si Mn Cr Vv Note
S35C~75C 0.35~0.75 0.25 0.75 0.05 Harden and
SMn35~60 0.35~0.60 0.25 1.25 0.05 temper
SC-v 0.35~0.55 0.25 0.75 0.05 0.10
SMn-V 0.35~0.55 0.25 1.25 0.05 0.10 Conventional
SMn-Si-V  0.35~0.55 0.80 1.25 0.05 0.10
SMn(high)-Cr-V 0.10~0.20 0.25 2.00~2.20 1.00 0.10~0.20 High strength

0.28~0.40 0.25 1.50~2.00 0.50~0.75 010  and toughness
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Fig.2 Relation between carbon equivalent and hardness.
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Fig.3 Relation between hardness and tensile properties.
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Fig.4 Relation between tensile strength and endurance limit.

-4 BHRECREISEHEROEE

Fig.b [T, B CHBMEORRICREITEEEMDEE
ZTS . BENRE, BEIH LRI IEERERETI Do
JERBMETORNRICEDUBRTREREHT L. GEED
ZORELEA—IEESCHTDEREESL. 3 - 1 KDE
TFCHEBCWHLTHED, @—fx (=@—C=H8) T
BEENZ\ILEF. CENMELIETEDHDDT, CE
ENSAX—=F—EUTBEBUBULLEDAFIE.6 THD,
BERBZEITFCHRENSKHDIERDLDE. C*%
KRT D2, BRENSVEHDDNEETHD, T,
BOREETORE—FREBOBRICHNT, €DN\ZY
FEWNTDIHDRICKDRO FFICEDHONT. CLUS
BEDEETTE (Mn. Si. CroMT) HMFICEHREICE
EE52TVDEVSERIFRONAL. MELD, BE
Bld. FECHEES (FFEREBE) CEDRESN
THEHD. CUSMNDERDEETREDERICKIDFEEFLD
SNEL, CHEBZBL TESICRIRESNDMENLINER
ERDIENHFKD.

300 T T T

501 SMnj QT |
SC-V
SMn-V
SMn-Si-V
150f Gy

E 100 4

% b%bgg o9 |

[6)]
o

150 200 250 300 350 400
Hardness (HB)

o

Charpy impact value (J/cm?)
n nN
[
?
>/
p
oOrore

Fig.5 Relation between hardness and Charpy impact value.
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Fig.6 Effect of carbon content on hardness-impact
balance.
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Fig.8 Relation between austenite grain size number and
Charpy impact value.
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Fig.10 Steel selection standards.
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