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Improvement of Properties of rods and Bars by Continuous Forging Process
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Synopsis :

Kawasaki Steel has developed a continuous forging process capable of producing rods
and bars with neither center segregation nor center porocities. This method also makes
it possible to control the center segregation ratio less than 1.0. The application of this
method has improved a rolling-contact fatigue life of bearing steel, and has annihilated
inner porocities of big size diameter bars made from continuously cast bloom. By
utilizing the negative segregation obtained by this method, the carbon steel bars for
machine structural use can be easily drilled at center portion due to a decrease in
hardness. The alloy steel rods for machine structural use also can be drawn at high
speed, and the high carbon steel rods cab be processed without heat treatment due to an
increase in drawability. This method makes it easier to increase tensile strength of final

products by applying higher carbon steels.
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Improvement of Properties of Rods and Bars by Continuous Forging Process
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Kawasaki Steel has developed a continuous forging process capable of producing rods and bars with neither center
segregation nor center porocities. This method also makes it possible to control the center segregation ratio less than 1.0.
The application of this method has improved a rolling-contact fatigue life of bearing steel, and has annihilated inner
porocities of big size diameter bars made from continuously cast bloom. By utilizing the negative segregation obtained by
this method, the carbon steel bars for machine structural use can be easily drilled at center portion due to a decrease in
hardness. The alloy steel rods for machine structural use also can be drawn at high speed, and the high carbon steel rods
can be processed without heat treatment due to an increase in drawability. This method makes it easier to increse tensile

strength of final products by applying higher carbon steels.
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C:Check analysis of bloom (5 mmg¢ drifl)
Cy: Ladle analysis
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Fig. 1 Ratic of center line segregation {(C/C)) of SUJ2
bloom

Table 1 Ladle analysis of high carhon chromium steel for
hearing use (mass%)

Steel grade C Si Mn P ) Cr
JIS sUJ2 0.9 0.23 0.40 0,018 0.004 1.36
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Table 2 Examples of improved properties of rods and bars by
continuous forging process

Effects of continuous Examples of improved

forging process properties of rods and bars

« Cancellation of hardness dif-

H .. ference
omogenizin
g gl No cracks caused by center

. . segregation at quenchin

Controlling Breg 4 2

chemical + Drilling easily at center por-

contents of tien

center portion - Increasing drawing speed
Negative + Omitting heat treatment
segregation | * Decreasing frequency of

rupture at drawing
» Increasing tensile strength
by higher content of carbon

Annihilation of + Decreasing inner deffects of

center porocity big size diameter bar
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Table 3 Ladle analysis of high carbon chromium steel for ball
use of bearing {mass?)

Steel grade C Si Mn P S Cr
JIS 50U7J2 0.99  0.26  0.40 0,017 0.003 1.34

Table 4 Chemical analysis of center portion of bars (h mme
drill) (mass9)

C Si Mn P g Cr
0.39 0.012 0.002 1.28
0.26 0.41 0.019 0.004 1.36

Continuous forging | 0.91 0.25

Conventional 1.08

Table 5 Testing conditions of rolling-contact fatigue life test
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segregation

AN

Specimen

Fig. 2 Sampling position of test piece
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position

flaied
POsition

10 mum

Cunventional Continuous forging

Pheto 1 Macrostructure of test specimen after rolling-
contact fatigue life test

OrConventional, ® Continuous forging
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Fig. 3 Hardness distribution of specimen at rolling-contact
fatigue life test

[tem

Value

Size of contacting ball

Hertz maximum contact stress
Rotating speed

Lubricatig oil

9.525 mmg
5260 N/mm?

1 800 cpm

#68 Turbine il
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Table 6 Ladle analysis of carbon steel for machine structural

use (mass?%,)
Steel grade C Si Mn P ]
JIS 545C 0.44 (.24 0.79 0.017 0.015

C: Product analysis (5 mm @drill),
Co:Ladle analysis

+  Conventional
14 B Continuous forgingl

C/Co

Mn
Chemical elements

Fig. 6 Ratio of center line segregation (/) of $45C bar
(54mme)

— 99 —

Fig. 7 Hardness distribution of the cross section of S45C
bar (54mme)}
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Drilling ratio: .21 mm/rev.
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Sdmme)

Fig. 8 2 U AFLHBBR 2R T, F Y AORGTHE L -
LTit, FUMCHEE S M RELFLNTHATRCE 23 TR
FILMTHER & TR L 22y 2 &34z, WA E— K450, 6,
7O m/min D FROKREIZ BT L, AREEM oAU F )
FILREE S TR L 2 R 2 L T 2,

— i, IREMOMEMTEERE T SRR LTREE
SEEARE D, WEIZEEL TIEMvid A, SIBEICMLTIEHRy
i35 HIAHER L e vk Twa, ARDHBOILEO SO
HORATHEL 0.4 &S - 7247, KT ORI I ik E o
etedh FULEILIN T A L LA s B L L5,

3.3 St omBEEEOLR

AL, FREREEIN T LBl RE h AR X e a A il
T ARAL T 2 & BRI AN TR DD N e b, £
fzy, O IRATRRE TN TEHCHHE AR T A AR b, &
AN, REHELE B L L BEMET A Lic XY, B
LEOEEEMETE, WEHE & BN T2 2250 T
<, MfERE L EHTELMREMEL B HiL A,

Ldtid, BIMIFRASIS & O, BERTOBEMA NS TRE A IS
B F RS LTy B A0 R 2 LR U2 A TR L
MT ORI E L D BEFH » 2. ZiUE, REE, HooEdE
HEL, POMEROEHEENDKE O EEF 7 254 b B

B BEELEEHE Vol. 26 No. 1 1984



30 OERSRFEIEC § 2 SUE NS o AL

Macrostructure

Quater portion

Center portion

Conventional

e

G ,:'?“f" - rﬁ:

Continuous forging

Photo 2 Macrostructure and microstructure of SCM420 rods

Table 7 Ladle analysis of chromium molybdenum steel for

structural use (mass?%)

Steel grade C Si Mn P S Cr Mo

JIS SCM420 | 06.22 0.25 0.75 0.015 0.007 1.10 0.19

200
[2.5 mme-+ 4.0 mmeg)
’u I
L 150
=
th
5y
£
Z 1410
i
=)
o
5
s
3 50
0

Continuous
forging

Conventional

Fig. 9 Index of drawing speed of SCM420) rods (5.0mmeg)
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Table 8 Analysis of ladle and center portion of bloom of high
carbon steel rods (massY%)

c Si Mn P S
Ladle analysis | 0.81 0.25 0.81 0.017  0.008

Center portion | o1 oy 078 0012 0.005
of bloom

Steel grade : JIS SWRS82B, 5mmeé drilt

Cutl":)t[i'g:?;s without with
Lead patenting with without
3 "MN“ME
SR N
(H )
{1 5 1
60 1
RA —
T S .
40 T

Fig. 10 E! and RA of drawn wire rod
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Table 9 Chemical composition of high carbon steel rods for
spring use and their tensile strength of final products

Steel  |Chemical analysis (mass%)| Tensile
Process grade strength
(JIS) C S Mo P 5 |(N/mm?

Conventional| SWRS77B | 0.77 0.22 0.75 0.011 ¢.005; 190¢

Improved |[SWRSB7A| 0.86 0.21 0.44 0.010 0.005| 2000
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Table 10 Ladle analysis of high carbon chromium steel for lace
use of bearing {mass2)

Steel grade C Si Mn P S Cr
JIS SUJ3 0.96 0.64 1.0 0.015 0.004 1.10
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Photo 3 Macrostructure of big size diameter har (250
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Fig. 11 Effect of diameter of bars on inner defects by
continuous forging process (Size of cast bloom :
400 % 560mm)

Table 11 Conditions of urtrasonic test (UST) of inner defects
for big size diameter bars

[tem Value
Frequency 5 MHz
Size of probe 20mme
Sensitivity STV-G V 15—-1.4=70%
Disregard level <309

% 3806 5,
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