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Development of High-strength Structural Steel for Welding
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ABSTRACT

A high-strength structural steel that enables pre-
heating and post-heating to be omitted from the welding
procedure without the occurrence of weld cracks has
been developed. A process has been developed that
enables the achievement of an equivalent level of
strength and toughness to alloy steels for machine
structural use while omitting the quenching process,
through the partial application of modified ausforming,
in which, immediately following processing during the
hot forging process, the material is rapidly quenched at
the unrecrystallized austenite temperature just above the
A3 transformation temperature.
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Table 1 Chemical composition of developed steel
(mass%)

co Si0| MnO| PO sO BO TiO

UpperQd
bound 0.150| 0.30| 2.20( 0.030] 0.030) 0.0030) 0.070
LowerO
boundl) 010 | -0 | 140| -0 | -0 00010 0.030

gobogn

00o00o0o0ooOoOooDoOoOnD Table2O0OD00O0O
ooobooooomodrlmOooboOoO0oomo
0 Fo20 O Water QuenchOW.Q.LOOOO0OOOOOOOO
gbobobobobooobooooboboobobobobo
goooboooooooobooooooobobooboooog
oooooooooooobboosnoobooooon
gbobobooboooboooboooobooboboboonog
gooobobooooooooboboooooboooooog
gbob rIOOODOODOOOOR200000000
o00o00o0ooooOo0oobbO0o0oD0od FolO Fo2O
gbobobobobooooooooobobobonbo
gboooooobooboobdo

goboooJscoseiooooooooboooooon
gbobooooobooboboobooobogoon

gooboob Jszz2201 0 4B 00000 0OOOOO
oOo0o0oOguszz22200000000000000O0O
gboobooooooooobobo

0000 Fg. 1l OODOOOOOOOOODDODOOO
goooboooboooooobobooooooboboooooo
gboboobooooooboz2eoHvObOOoonooooong
goooboboooooobobobooooooobooooogog
gobooboboobooboobon 3mm OO0O00O00O 900
gobo0d4s00b00oooonoo sHRCObOOonoog
gobooobono 4oMPa DOOOO0OODOOODOOO

00000000000Fg.2 00000000000
gboboboboobooobooooboboboboonoog
gbooooooooo

L
N
ol Arc weld

Ne
- =1«
) %)

35 & &
156
: : =) —]

Fig. 1 Weldability test piece
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Table 2 Heat pattern

Pattern Al Pattern BOJ Pattern C

Fol0 o
1100°C Fo20] 1100°C 1100°C

2 900°C .
900°C  450°C, 1hr 450°C, 1hr(] / \ 450°C, 1hr
W.Q.Jé N / :/W.Q./ X, W.Q.if Xl

Table 3 Mechanical properties of developed steel

; : : Charpy impactO
Heat treatment(] Yield strength | Tensile strength(] EIongatlonD valuell
(MPa)O (MPa)O (%) (Alcm?)0
Pattern A 8980 9410 23.10 2200
Upper bound( Pattern BO 8760 949 22.00 2010
Pattern COJ 8730 943 21.90 1600
Pattern A0 8800 911 22.80 2600
Lower bound Pattern BO 8500 905 22.10 2450
Pattern C[O 8730 93200 22.00 2300
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Table 4 Fracture behavior of tensile test piece containing welding bead

Appearance after tensile test

Fracture position Tensile strength (MPa)

Upper

bound HAZ 673
Lower |
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Fig. 5 Microstructure and hardness distribution
around welding bead
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Fig. 6 Relationship between amount of wear of twist
drill and hardness
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Fig. 9 Hardness distribution of rear spindle

Fig. 7 Rear spindle
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Fig. 8 Parts layout around rear spindle
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Fig. 11  Microstructures around welding beads of rear spindle
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