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FEATURE : Steel Wire Rod and Bar
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Steels for High Strength Bolts with High Delayed Fracture Resistance

Yuichi Namimurald Nobuhiko Ibarakill Toyofumi Hasegawall Yasuhiro Oki

The occurrence of delayed fractures is the biggest obstacle preventing the strengthening of quenched and
tempered bolts. Our studies on delayed fractures revealed that Ti, V and Mo carbides improve delayed
fracture resistance, and that Ni improves fracture toughness. In order to improve delayed fracture resistance,
these carbides were applied to 10.9 strength class bolts, and strength classes over 12.9 bolts.
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Table 2 Mechanical properties

Steel TS , YS , YS/_TS y Gs
N/mm N/mm ratio um

A 1494 1404 0.94 10.0
B 1492 1395 0.93 9.3
C 1495 1 406 0.94 9.1
D 1491 1421 0.95 11.9
E 1515 1410 0.93 9.3
F 1525 1380 0.90 20.0

TS: Tensile Strength, YS: Yield Strength, Gs: Grain Size
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Steels C Si Mn [ S Ni Cr Mo \ Ti
Table 1 Chemical compositions of A 0.35 0.05 051 | 0004 | 0.005 | 054 0.97 1.00 | 0.073 | 0.043
test pieces B 035 | 024 | 051 | 0003 | 0006 | 0.8 0.97 101 | 0071 | 0.043
C 036 | 0.05 050 | 0002 | 0.005 — 0.98 1.02 | 0074 | 0.042
D 035 | 0.6 051 | 0003 | 0.006 | 049 0.99 — 0072 | 0.037
E 035 | 0.05 051 | 0003 | 0005 | 0.48 0.98 1.02 — 0.043
F 036 | 0.05 051 | 0004 | 0007 | 049 1.02 1.04 | 0.070 —
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Table 3 Diffusible hydrogen contents
and critical hydrogen contents

Diffusible Hydrogen Contents ppm Critical Hydrogen
Steels 150 HCI 250 HCI 350 HCI Contents

10min 30min 75min 30min 30min ppm
A 0.01 0.02 0.03 0.05 0.21 0.21
B 0o0.01 0.01 0.04 0.03 0.22 0.18
C 0o0.01 0.01 0.03 0.04 0.30 0.16
D 0.11 0.20 0.30 1.12 02.00 0.02
E 0o0.01 0.01 0.02 0.04 0.37 0.12
F 0.01 0.02 0.03 0.04 0.58 0.01
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Fig. 1 Effect of alloying element on critical hydrogen contents
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Photo 1 TEM micrograph of micro-carbides in steel A
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Chemical Compositions massC] C
CO| Sidf Mnf] PO SO | Cr0[ Mo[] Ti BO

B ded Steel | O | 0.250} 0.080) 1,070} 0.0090}0.00600.27) 0 O a’mg]‘;’:‘u AddedC

SCM435 A\ | 0.35000.240) 0.79[) 0.0150] 0.022(] 1.03(J 0.16] oo oo
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Fig. 2 Results of delayed fracture of new boron-added steel
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Table 5 Mechanical properties

Temper TS YS YS/TS y Gs
Steels ) 2 .
O N/mm N/mm ratio um
450 1590 1516 0.95
KNDS3 8.2
550 1364 1319 0.97
450 1657 1590 0.96
KNDS4 8.0
550 1544 1491 0.97
450 1422 1314 0.92
SCM440 18.9
550 1205 1127 0.94

mass[]
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Si
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Ni
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Ti

Table 4 Chemical compositions KNDS3
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SCM440

0.41

0.20

0.72

0.013

0.010

1.01

0.18
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Fig. 3 Delayed fracture resistance of KNDS3, KNDS4, and
SCM440
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Photo 2 SEM micrograph of delayed fracture surface
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Fig. 4 Critical hydrogen contents of KNDS4 and SCM440
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