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Abstract: Low-alloy high-strength fastener stee which is widely used in automobiles, high-speed rail, aviation, aero-
space, defense, and other fields due to its excellent mechanical properties and in line with the trend of lightweight develop-
ment. In recent years, with the continuous progress of industrial technology and the increasing requirements for material
performance, the development of low-alloy high-strength fastener steel has shown a new trend. It is expected that the ac-
tual practical application strength level of fasteners will exceed grade 16. 8. In this paper, through the typical application
of fasteners products, firstly it points out that fasteners require good mechanical properties, processing performance, and
heat treatment performance. Specific performance and application environment-based evaluation is carried out to ensure
safety and reliability. Secondly, this paper analyzes the history and trends of high-strength fastener steel, including high-
strength fastener steel, ultra-high-strength fastener steel, and non-quenching high-strength fastener steel, and discusses
the role of composition in enhancing steel properties. Then, the paper introduces the research and application of key tech-
nologies for high-strength fastener steel, focusing on the design of steel composition, control of non-metallic inclusions, re-
sistance to delay fracture and steel manufacturing technology. The paper also discusses the impact of related content on
product performance, in order to enhance the comprehensive performance of fasteners, reduce their hydrogen embrittle-
ment sensitivity, and meet the requirements of intelligent manufacturing, it is necessary to keep the [ H] content in steel
below 1x10°, further reduce the size of inclusions, and control the fluctuation range of main elements in steel more pre-
cisely: w[C]+0.01%, w[Si]+0. 02%, w[Mn]+0. 02%, w[ Mo ]+0.01%, the development of low hydrogen embrittlement
sensitive bainitic steel is rapidly advancing. At the same time, while environmental regulations become increasingly strict,
the concept of green manufacturing and recyclability is gradually incorporated into the production of low-alloy high-strength
fastener steel, and the proportion of electric furnace steel smelting and hydrogen metallurgy varieties has significantly in-
creased. . Finally, the paper looks ahead to the future of low-alloy high-strength fastener steel, which will move towards
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high performance, low cost, environmental protection, and intelligentization. With the progress of science and technology

and changes in market demand, low-alloy high-strength fastener steel will play an important role in a wider range of fields

and provide a solid material basis for the development of modern industry
Key Words: High strength; Fasteners; Bolts; Delayed fracture; Hydrogen Embrittlement; Light Weight
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Fig. 1 Correlation analysis chart of fastener performance
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Fig. 2 Typical non—quenched and tempered bolt applications(a) U-bolt (b) ball-head bolt (¢) long bolt
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Table 1 Comparisons of main chemical composition high strength non— quenched and tempered steels between China and

Japan %
EP3 e C Si Mn v Nb Cr HE

MFT9 0.18 ~0.26 <0.30 1.20 ~ 1.60 <0.08 <0.10 - -
i MFT10 0.08 ~ 0.14 0.20~0.35 1.90 ~2.30 <0.10 <0.20 - -
KNCHOP 0.19~0.25 <0.10 1.35~1.65 wm - 0.20 ~ 0.40 -
) KNCH10 0.37~0.43 0.15~0.35 1.00 ~ 1.30 whn - - -

A KNCH12P 0.15~0.20 0.40 ~ 0.50 1.00 ~ 1.30 wm - 1.20 ~ 1.40 Ti,B, Mo
NHF 0.18 ~0.25 0.10~0.30 0.70 ~ 1.70 - - - -
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Table 2 Chemical composition of high—strength fastener steel %
LR Ji C Si Mn p S Ni Cr Mo \% Ti Nb
. 0.34 ~ 0.60 ~ 1.00 ~
ADSI 0.38 0.15~0.35 0.70 <0.015 <0.010 - 110 0.20 ~ 0.30 - - -
; . 0.33 ~ 0.25~ 1.15 ~
{E4: ADS2 037 0.15~0.30 0.45 <0.012 <0.010 - 135 0.35~0.45 - - A
0.37 ~ 0.42 ~ 1.20 ~
ADS3 0.40 <0.15 0.60 <0.010 <0.010 - 140 0.72~0.80 0.10~0.25 - JA
MB12 0.37 0.05 0.50 <0.010 <0.010 - 1.20 0.25 0.30 - -
HrH & MB14 0.40 0.05 0.50 <0.010 <0.010 - 1.20 0.70 0.35 - -
MB16 0.40 0.05 0.50 <0.010 <0.010 - - 2.00 0.15 - -
KNDS3 0.40 0.06 0.52 <0.010 <0.010 0.30 1.00 0.62 - 0.050 -
KNDS4 0.40 0.05 0.50 <0.010 <0.010 0.55 1.00 1.00 0.070 0.050 -
e KNDS6K 0.45 0.05 0.50 <0.010 <0.010 0.30 0.30 1.00 0.15 0.050 -
KNDS6N 0.45 0.05 0.50 <0.010 <0.010 0.30 0.30 1.00 0.30 0.050 -
SWRgrSZBJr 0.82 023 078 0014 0005 - 0.18 - - - -
- 0.40 ~
SR ANFE A 0.50 0.05 0.50 - - 0.30 1.00 0.60 - A -
DSB2 0.33 <0.10 0.30 - <0.005 - 1.50 1.00 0.30 - -
. 0.31 ~ 0.20 ~ 1.00 ~
S SCMV1033 0.35 <0.10 0.40 <0.015 <0.005 - L40 0.95~1.10 0.25~0.30 - -
. 0.56 ~ 0.20 ~ 1.00 ~
CMS1058 0.60 1.80 ~ 2.00 0.40 <0.010 <0.005 - L40 1.50 ~ 2.00 - - -
i ADF1 0.41 0.09 0.44 0.009  0.005 1.26 0.56 A - A -
sz Fu i A ] S N &7 M B
#3 WREEERFMEHE (R) ML AEMAL RSB 33X — 48 A 52K Ay v o
Table 3 Grades of non—metallic inclusions in steel ratin y . . N
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Table 4 Various activation energies/(E,) of hydrogen trap
in steels
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o 4lifh 17.2 3
BRE K F/Fes
‘ C MR BREEN 18.4 2.6
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BF NbC o) Tk 2 17
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AIN - 64 -
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WagE TICORHIE) i 86 3
Mn$S &4 72.3 3
FesC TPk 84 4
TiCORAF)  0.025C~0.09Ti 138 ~ 149 3.33~20
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Table 5 Key technologies and measures for resistance to
delayed fracture performance
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Fig. 3 High strength Bainitic bolt structure and slow strain tensile strength: (a) Bainitic structure under transmission electron micro-

scope, (b) slow strain tensile strength after 10 acid leaching in 36% hydrochloric acid solution
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Fig. 4 (a) Load—displacement relation of the indenter during

the bending tests, and SEM images of the specimens after the

bending tests during cathodic hydrogencharging, (b) A high—

resolution TEM image of the specimen, where a stationaryhydro-

gen embrittlement crack was intentionally formed by the bend-

ing tests
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