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Development of Wire Rods with Improved Cold Headability

Goro Anan{J Yuichi Namimurall Toyofumi Hasegawall Yasuhiro Oki

Kobe Steel's alloy designs for steel wire rods with improved cold headability are presented in this paper(
The influence of chemical compositionsOrolling conditionsdand drawing conditions on the cold headability
are explained firstd Following this some examples of newly developed steels for bolts utilizing this newly-
developed concept are explained] The first example uses heat-treatment-free wire rods with improved
cold headabilityd] The second example uses B bearing steels with improved anti-delayed failure proper-

tiesO
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‘ Hot Rolled Wire Rod ‘

‘ Spheroidized Annealing ‘

I

‘ Wire Drawing ‘

]

\ Cold Heading \

!

‘ Quenching ‘

Tempering

]

‘ Electro-plating ‘

‘ Baking ‘
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Fig. 1 The typical production process of cold
heading bolts
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o0 of JIS Class . N/mm? P Specified in JIS | Development by Kobe Steel
Table 1 Example of process and wire ‘51'2 2:: g;g %”B:”SE gwﬁg:%\A ﬁgﬂ?&
for cold heading bolt 6.8 min. 600 ®-Dr-cH SWRCH22A KCH22A
; ®-Dr-CH — KNCH8/8P/8S
8.8 ﬂ:z ggg E mgg ®-®-Dr-CH-® SWRCH38K/43K_| KCH38K/43K
) ®-Dr-CH-® SWRCHB435 KCH21BTA
®-Dr-CH — KNCH9
08 min. 900 ®-®-Dr-CH-® SWRCH41K KCH41K
’ ’ ®-®-Dr-®s-Dr-CH-® [ SCr440, SCM435
®-Dr-CH-® SWRCHB526 1023BIM
®-Dr-CH — KNCH9
10.9 min. 1 040 ®)-®-Dr-®s~Dr-CH-® | SCr440, SCM435
®-Dr-CH-® SWRCHB526 1035B
12.9 min. 1 220 ®)-®-Dr-®s-Dr-CH-® | SCM440 KNDS2
— min. 1 300 (R)~®s— Dr-®s~Dr-CH-® — KNDS3, KNDS4

®0 Hot Rolled Wire Rod, @0 Annealing, @sl Spheroidized Annealing
0 Quenching and Tempering, DrlJ Wire Drawing, CH : Cold Heading
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Cause and effect dia-
gram for the cold head-
ability of the wire rods.
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Fig. 2
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Table 2 Influence of chemical composition on cold formabilities
and mechanical properties

Alloy Flow Form- | Tensile | Harden-
[0 Rangell mass] (0| Stress | ability |Strength| ability

Note

C

0.0.050 0.500 Tt ) t T

Si

0.0.050 0.350 !

— This should be few.

Mn

0.0.500 1.600 !

- 1 Tt

P
[10.030 0.0050

S
[10.0050 0.0650

Cr
0 0.0040 1.5000

This is effective also
to toughness.

Mo : _ : - This is effective also
[0 0.0050 0.5000 to toughness.
Al This is effective to

[70.02000 0.100

grain size.

N
[10.0010 0.0130

Coarse grain  generates
when this is extremely few.

o

This should be few.

7 0.00060 0.0150

[ 1
| Large Decrease

!
Decrease

No Effect |

11 [
Large Increase |

1
Increase |
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Fig. 3 Effect of alloying element on upsettability
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Fig. 4 Relationship between Upset limit and Carbon equivalent
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Fig. 5 Effect of wire drawing on flow stress and tensile strength
of wire rod.
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Photo.1 TEM photograph of drawn wire before and after cold heading
drawing reductionl] 23(1] € [J 0.26[0.3C01.5Mn00.1Cr steel
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Fig. 6 Life of tool used for cold heading with drawn wires
Steels Symbol : Chemical Composition] 0 massC O .
CO| S0 Mn0 PO s | Crd| Mol TiO BO
New[ OptimumO
Boron-added Steel O 0.2500 0.080 1.0700 0.009C] 0.006C] 0.270) OO Amount AddedC
SCM435 A 0.3500 0.240 0.7900 0.01500 0.0220] 1.030} 0.160 oo oo
Conventionall) | | 996 | .20 | 1.04 | 0,017 | 0.020 | 0.16 | 0o | CONventionally ey
Boron-added Steel Amount
2 5000
Stress Concentration Factor : 9 ‘ TSO 1180N/mm?

2 0000
i

1 5000+

Nominal Applied Stress N/mm?

‘ New Boron-added Steel ‘
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1000 -

Test Condition : 1500 HCI x 30min - Loading in air
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Fig. 7 Results of delayed failure in acid 0.01
immersion and atmosphere test
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