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Synopsis :

Kawasaki Steel has developed a continuous forging process capable of producing rods
and bars with no center segregation and installed a continuous forging machine at No.3
continuous bloom caster at Mizushima Works. The method also makers it possible to
control the chemical composition at the center portion of blooms. The application of this
method to obtain the optimum chemistry at the center portion of continuously cast
blooms has resulted in a noticeable improvement in the drawability of high-carbon rods
and the ease of drilling at the center portion of carbon steel for machine structural use.
Because of the elimination of segregation problem, this method makes it possible to
increase the super-heat at the tundish and thus reduce the number of non-metallic
inclusions; thus, improved rolling-contact fatigue life has also been obtained in bearing

steel.
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Production of High Quality Rod and Bar by Applying

Continuous Forging Process
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Synopsis:

Kawasaki Steel has developed a continuous forging process capa-
ble of producing rods and bars with no center segregation and ia-
stalled a continuous forging machine at No. 3 continuous bloom
caster at Mizushima Works., The method also makers it possible
to control the chemical composition at the center portion of blooms.

The application of this method to obtain the optimum chemistry
at the center portion of continuously cast blooms has resulted in a
noticeable improvement in the drawability of high-carbon rods and
the ease of drilling at the center portion of carbon steel for machine
structural use. Because of the elimination of segregation problem,
this method makes it possible to increase the super-heat at the
tundish and thus reduce the number of non-metallic inclusions; thus,
improved rolling-contact fatigue life has also been obtained in bear-

ing steel.
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Casting direction
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P Anvil
LS

Concentrated
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Table 1 Main specification of No. 3 bloom continuous casting
machine and forging machine

Item Specification

Continuous casting machine

Machine type Concast S
Casting radius 12.5m, 22.25m (tow points
unbending)

Size of casting steel 300 % 400 mm2 (bloom)
400 % 560 mm? (bloom)

120 x 400 x 460 mm
{beam blank)

Number of strands 4
EMS Strand+ Final

Forging machine

Machine type Electric motor drived crank

mechanism
Distance from meniscus 26.4m
Amount of reduction Max 150 mm

(at 400 x 560 mm? bloom)
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Fig. 1 Concept of continuous forging process
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Photo 1 Macrostructures and center line segregation ratio (CfCqo) of forged bloom
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Fig. 2 Sampling method for analyzing centerline segregation
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Co: Ladle analysis
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Fig. 3 Ratio of center line segregation (C/Cq) of SUJ2 bloom

Table 2 Ladle analysis of high carbon chromium bearing steel
{mass %)

Steel grade \ C Si Mn r S Cr

JIs sU]2 \ ¢.99 0.23 0.40 0.018 0.004 1.36
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Table 3 Ladle analysis of high carbon steel wire rads
(mass %}

| c Si Mn P s

Steel grade

I8 SWRHBZA' 0.83 0.19 0.50 0.010 0.007
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Fig. 4 Relationship between TS and RA of 5.5 mmg wire rods
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Fig. 5 Relationship between drawing strain and number of
chevron-crack of 5.5 mme¢ wire
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Fig. 6 Frequency of rupture at drawing process
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Photo 3 Macrostructure of continuous forged SUJ2 bar

Cyx: Intensity of X-ray of center pertion of bar
Cox; Intensity of X-ray of quater portion of bar
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Fig. 7 Ratio of center line segregation (C,/Cy) of SUJ2 bar
(65 mme)
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Fig. 8 Index &f B-type inclusions at the center portion of 65-
mme SUJ2 bar (ASTM-A295 SAM method)
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(12¢}

(nmm)

Fig. 9 Specimen taken from bar for rolling-contact fatigue
life test
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Fig. 10 Iliustration of rolling-contact fatigue testing machine
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Table 3 Ladle analysis of carbon steel for machine structural

use (mass 24)
Table 4 Testing conditions of rolling-contact fatigne life test Steel grade C Si Mn P g
Item Value JIS S45C 0.44  0G.24 0.79 0.017 0.015
Total load 3599 N

5884 N/mm?
46 240 ~46 800 cpm
£80 turbine oil

Hertz maximum contact stress
Rotating speed of the test specimen
Lubricating oil
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Fig. 11 Index of rolling-contact fatigue life, L, of SUJ2 bar
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Fig. 12 Ratio of centerline segregation (C/Cy) of S45C bar
(54 mmd)
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Photo 4 Macrostructures of S45C bar (54 mme)}
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Tool grade: JIS SKH4
Diameter of drill: 10 mm

6000 Drilling ratio:0.21 mm/rev.
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of tool’s life (mm)
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Fig. 13 Drilling length till the end of tool’s life of S45C bar
{54 mmg)
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