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Development of 1,600 MPa Class Alloy-Saving High-Strength Bolt Steel

Yosuke MATSUMOTO - Takayuki YASUI - Tatsunori UCHIDA - Dr. Masamichi CHIBA
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Abstract

Demand for high-strength bolts is increasing as automotive engines become lighter and more efficient.
However, ensuring adequate resistance to delayed fracture remains a significant challenge. This study has
yielded an alloy-saving steel for high-strength bolts that achieves an optimal balance of strength and toughness
while suppressing delayed fracture, where increasing the silicon (Si) content without using molybdenum
(Mo) suppresses cementite precipitation and growth, thereby stabilizing fine carbides. Test-piece evaluation
confirmed that increasing the Si content raises the critical hydrogen concentration required to initiate
embrittlement, enabling the steel to maintain delayed fracture resistance at tensile strengths of up to 1,600 MPa.
Furthermore, prototype bolt evaluations demonstrated excellent formability, and delayed-fracture testing
showed outstanding performance in the high-strength range. This steel grade is currently being used for bolts
in automotive engines and is expected to contribute to resource conservation and the advancement of carbon
neutrality initiatives.
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Table 1 Chemical composition examples of steels for bolts (mass%)

Class C Si Mn P S Ni Cr Mo \Y Ti Nb | Ref.
1,100 MPa| 0.41 0.20 0.72 10.013 |0.010 1.01 0.18 - - - *
1.200 MPa| 0.34 | 0.28 | 0.37 |0.008 | 0.005 1.26 | 0.40 0.026 | 5)
1,300 MPa| 0.42 0.06 0.53 10.007 | 0.004 | 0.54 1.00 0.97 0.07 | 0.05 - 6)
1.400 MPa| 0.40 |Reduce| 0.50 |Reduce|Reduce 1.20 | 0.70 | 0.35 - - 7)
1,600 MPa| 0.40 |Reduce| 0.50 |Reduce|Reduce 2.00 | 0.15 - - 7)

*JIS G 4053 : SCM440
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Table 2 Concept of alloy design

Alloy design

Previous concept

Developed concept

P,S reduction

Reduction of grain boundary embrittlement
elements

Reduction of grain boundary embrittlement
clements

Ti,V,Nb addition

Refinement of prior austenite grain

Refinement of prior austenite grain

Mo,V addition

High-temperature tempering above 550°C
reduces the grain boundary plate-like
cementite and induces hardening by

precipitation of alloy carbides

Suppression and refinement of cementite on

Si increase grain boundary by low temperature
tempering under 450°C
Standard alloy steel(SCM. SCR) Mo-added steel Developed steel
Film-like — Spheroidized
i 0 cementite
cementite )_\ ’
N
4 - \
Microstructual —{ - |
image @ J
0.0, | LGS
Massive Prior austenite Alloy
cementite ~—grain boundary carbidé™
Precipitate Cementite(Fe,C) Alloy carbide(VC) Refined cementite
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Fig.1 Microstructural concept of conventional steel and developed steel
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Table 3 Chemical composition of test steels (mass%)

C Si Mn Cu Ni Cr v Ti

0.11%Si| 0.39 0.11 0.15 added | added | 1.06 added | added
0.98%Si| 0.37 0.98 0.16 added | added 1.06 added | added
1.45%Si | 0.37 1.49 0.16 added | added | 1.09 added | added

1.75%Si| 039 | 1.75 | 0.15 | added | added | 1.04 | added | added
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Fig.2 Relationship between tempering temperature and tensile
strength of test steels
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Fig.3 SSRT and hydrogen analysis results for 1.75%Si steel at
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Fig.7 Surface observation results of developed steel
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