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Synopsis :

The No.3 continuous casting machine at Mizushima Works has been making a
satisfactory operation ever since its start in October 1973. Operation techniques have
been established to manufacture high quality products such as carbon steel bars for
machine structural use, wire rods for piano wire, PC wire or tire cord and billets for
seamless tubes. In comparison with the products of conventional ingot process, those of
continuous casting process are found to have excellent quality especially in the degree of
segregation, inclusion and surface defects. Continuously cast wire rods for piano wire,

PC wire or tire cord are also found acceptable to users through their tests.
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The No.3 continuous casting machine at Mizushima Works has been making a satisfactory operation ever since its start

in October 1973. Operation techniques have been established to manufacture high quality products such as carben

steel bars for machine structural use, wire rods for piano wire, PC wire or tire cord and billets for seamless tubes.

In comparison with the products of conventional ingot process, those of continuous casting process are found to have

excellent quality especially in the degree of segregation, inclusion and surface defects.

Continuously cast wire rods

for plano wire, PC wire or tire cord are also found acceptable to users through their tests.
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Table 2 Quality control items at each treatment

Treatment Control items
. Macro streak flaw, cleanness,
Cutting . s . .
machinability, tolerance of dimension
, Surfae i
Forging e defects, segregation,

cieanness, macro streak flaw

Austenite grain size, segregation,

Heat treatment . L.
chemical composition

Macro streak flaw, cleanness,
 machinability, tolerance of dimen-
; sion, austenite grain size, segre-
(‘ gation, chemical composition

Drawing

Table T Main uses of machine structural carbon steel bars corresponding to

treating process in the user

Process

Main uses

Cutnng—’—*}{eat treatment ——Products

Bolt nut motor shdft pia, hydraulic cylinder,

flange, etc.

Hot forging— Cutting —*Heat treatment
Hardening-——Cutting '-'L*‘

Productse——

Bolt, nut, gear, car part({crank-shaft, cam-shaft, etc.),

tool(wrench, spanner, ete.), flange, ete.

[ Bolt, screw, tool(wrench, spanner, ete.}, ete.

\
Products «—!

Drawing——Cutting-—Heat treatment

— 3

Products«

Pin, shaft, hydraulic eylinder, etc.
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Table 3 Chemical composition and size of specimens
of carbon structural steel bars

Chemical composition ﬁ%)

C_ S Mn P S ALC.

Casting

C.C. 0.44; 6.21: 0.71 0.022:0.019 0.012 0.56
i :

i

| .

AR i

Conv. 0 0.4410.35] 0.70 : 0.020 0.014|0.012 ‘ 0.56
i bl E

T T
Diameter (mm)| 180 + 160 | 140 130! 80 . 7530

Reduction CC.| 47 5.0} 78| 90 189 212 1700
ratio Convl — 308 40.2[465 $7.3'140.1; —

+ C,o=C+Mn/6

22, B0~180mma =2 TiE 3 LTSk
EOT— O EFOREF T2 2 TTR

{a} Cross section of cast bloom (300X 400mm}) {b) Longitudinal section of
cast bloom
1304 1604 1404

fed Cross section of ralled bars

Phote. 1

Macrostructure of continuousiy cast S45C bloom and bars (20% HCl etched)
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Table 4 Details of 75mm g, S50C specimens for fatigue test
Chemical_._c-;r-nposition (%) o e
Casting i Position | Grade I - i Y'P'j T'S'v
| c | si 1 Mn p 5 Al c.t (ke'mm?) (kg/mm?)
Top T ; i 66.0 © 85.0
i s e
C.C. Middle . S56C 0.51 i 0.23 } 0.78 ! 0.023 ! 0.020 | 0.012 © 0.64 66.0 | 85.0
1 ! 1 R e —
Bottom 1 \ | | ‘ © 860 84.9
Conv. i Middle | 350C 0.51 ‘ 0.28 ‘ 0.82 0.01% - 0021 0.013 (65 | 65.8 84.8
* Coq=C-+Mn/6
2 ry
Specim;n s‘:ze {mm) s 7 o |
T 45 P = s |— Center | + 00
E i jﬁ“ c 15 . [Midradius| s—x | 6--—
t S 1 ] T -E \- -
= 0 (T) (M) = 80——=50 - ! g AN
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Fig. 3 Fatigue test results of 75mm¢, S50C bars
quench-tempered
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Table 5 Evaluation of macro streak flaw
Total numl-amer of [Summation of ;Maximam length
Grade jmacro streak |macro streak of macre streak
L flaw flaw lflaw
A =7 =15 = 4
B -~ =20 £ 8
C — =40 =20
D - %50 =30
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Table 6 Chemical composition of steel bars and wire rods being produced in Mizushima Works

[ wi%)
Steel type | Grade | C S| M P [ s GG T A
PC bar  |RB25 !am~aw'aw~um L30-160 0025 £0.025 | 008 ia%muw um&mﬂ%} 0.000
mfi:““ “E;VRSSQE; -6.§0~$.-»;-5—_0.15~0.32 0.60'*0.90%50.025 ;0.025 <0.20 i —77—7: -
Tire cord [KTCT70 L gg_ggoﬁ 5(‘).,03_(.] --___ I _ . - | -

0.70--0.76 | 0.15-0.30 | 0.40~0.55
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Fig.9 Schematic quality relation of bars and final
products such as piano wire and PC rod

Fig. 10 Schematic quality relation of bars and final
products such as tire cord
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Fig. 13 Surface quality of llmm¢ wire rodfor PC wire tested by magnetic inspection
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Fig. 13 |2 PC A @ 1lmm¢ HAFEIE
FE DY, EhH, BRMELE—OEL v FFA
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Lk, ET /M, 74 a— FRBH LR
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Table 8 iZ v F {LF MR OBEEM £ Av, EH
(11mme) — S (9.5mme) — BT (9.28
mm ¢— 9.15mm @) — 5 15 3 ME( 900" C£5°C)—~ K
He AN —HETRL(310°C~420° C)n 142 T PC k%
»ERGEL, EHHEMERERES T2, SR,
BUARERE, o~ FEROFIRAB O AL % Table 9
i, SR E R R FLL oS RS,
amL Tvwd, £, ~v FEOSRARTD
WERER 2 JR T L 2o, TN TR

3-4-1

Table 8 Chemical composition of 1lmmg bars used
for the production test of 9.15mm¢ PC rod

(wt%)
Casting | C | Si [Mo| P |8 |CulCe|at!mi
1 |
C.C. 10.25(0.54] 141 /0.014/0.008/0.06 |0.08 | — [0.017
Conv. | 0.25]0:53|1.4¢ 0.017/0.00810.06 | 0.08 0,052 —

Table 9 Tensile properties of PC rods indicated

in Table 8

. Metal

Base metal |Spot weld metal |after
. heading

Casting | T.S. | El.in| T.S. | ELin | T.S.
(kg /mm?) | 200mn( %) | (kg /ma?) i200me( %) | (kg/mm?)

C.C. 79.3 9.5 79.3 9.4 79.3
Conv. 78.9 8.9 78.7 8.9 79.0

WE N OCRHTHROEE TH - 72,

PC e nirt—t o7v—78ET55%A,
ST A RBRIEAELEFOL LTI 12
)F 744 g RBEEE S Table 10 IR, =
DREFIZ DT L ESEM LR OELRRH L
A,

7, ERRBUSMCERC L) RKELEEE

Table 10 .Relaxation test results® of the
~same rods as in Table §

] . {wt%)
Casting RT** HT***
C.C. 0.49 15.0
Conv. 0.48 15.2

+  Initial lead @ 6 640kg
«+ RT: Room temperature at 20°C 1+ 2°C
+»+ HT : Higher temperature as follows

o
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=
0 . X
0 n 7 23

Timelhl
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Table 11 (R F1LEAR RS % By, EH
(9.5mme) 83 v F > F 4 v (500°C~550"C)—
BEE— 8 74 B MR (42mme)— L ) -7
N—A > 7 (310°C £ 5°C) THT PC 3 1N
FRLEL, BHMEhERBET 2,

FUETRETOBMBMME2AEL 722°, +0
PIE LT Table 12 (27— 7%DR F 52 ¥
I DU BT ORELTRY, EEHIIWRM - F
EFTHN, BBEBEL+FHBRL TV,

Table 11 Chemical compesition of 8.5mm g
bars used for the production
test of 4.22mm¢ piano wires

{(wt%)

Casting C Si Mn P 8 Al
C.C. 0.81 | 0.26 | 0.79 | 0.020 | 0.012 | 0.018
Conv, 0.82 | 0.32 | 0.84 | 0.016 { 0.015 | 0.026

3:4-3 94 va—-rREH

Table 13 i "L 8L £ By, Tkt
(5.5mm @) — Bt~ REAE— 1 K (5.5mmg
=3.0mm@) =83/ T > T 4 > 7 (950°C)— e iE—

= ALEE— 2 sk {H iR (3.0mm¢—0.8mm@) =57

T4 7 (950 C)>BEM—>7 52 A% (CuiZn
=703)>3KMHR (0.8mmp—0.15mmg) OB
ETREBIUMERFTIATYo—FEMEL,
B & R RB 4T 72,

Table 14, 15 (2 R £ O3 15RRE 5 L Rt
BERZINT, ZOBRTIGEEHM, Bk s L
REFThH-rz, HHEL, S04 2 2 o0
ERHIVCIEBMEENICKET 545, 0N
BEQNAEY BT L Du (A, WEE:
NEMDRAKRECZEER AL Tetelman &%
BBENTwb, o FL5 s £4 2 MiZ, B
DE IR EHOEL, KEETHELL T,
L7287, Fig. 12 =RL - Lk G SR,
HEL_FAT 4 B4 v b B AT TH 720 b e
HHEEORIICOUr b D rE2 L9,

B, LIABOIIs oMo RERER, &
ARDOMREIE L FEL 2255, WTHORBICE
WT LA LR IS Th - 2,

BlE &Y, #@sEo PC SRR EH, 7 2
MHEBLU A va— FEEMIEL, snencE
KN DHWHEEEII O TERNM I FEZEL L ¢
BRELTWZZ Edbhot,

4. MEMME

Ak HIRE O B&I — AR AT, S A,

Table 12 Tensile properties of strands from piano wires indicated in Table 11

) Tensile load Elongation L0% offset load Modul_us. of
Casting n in 610mm elasticity
(kg) (%) (kg) (kg/mm3)
C.C. 10 18 800 6.9 16 650 20 806
Conv. 10 18 800 6.7 16 650 -
Standard value 218 734 =35 =15 922 -

Table 12 Chemical composition of 5.5mm¢ wires used for the
production test of 0.15mmg tire cord

{wt%)
Al N 0
Casting C Si Mn P
SOL Insol. (ppm) (ppm)
C.C. 0.73 0.25 0.59 | 0.020 | 0.012 | 0.000 | 0.001 40 60
Conv. 0.73 0.26 0.63 | 0.014 | 0.023 | 0.001 | ¢.001 46 15
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Tabhle 14 Tensile properties of tire cords indicated in Table 13 (grade : KTC70, n=10)

0.2% offset
T.S. i
Specimen i Casting strength El.in 100mm
o \ {kg/mm?} o {kg/mm?) (%)
C.C. 66.0 . 109.6 9.8
5.5mm¢ as-patented
Conv. 63.2 106.3 9.7
C.C. L 1273 155.9 3.9
3.0mm¢ as-drawn
| Conv. 117.4 154.5 39
L cc 223.2 233.9 1.0
0.8mm¢ as-drawn i —
‘ Conv. ' 205.6 ! 229.5 1.0
c.C. - 2018 | -
0.15mmg as-drawn -
Conv. — 291.5 -

Table 15 Bending test results* of the same
tire cords as in Table 14
{grade : KTC70, n=50)

Numb f
Specimen Casting b:nn;i:;s?*
C.C. 43.3
5.5mm¢ as-patented o
Conv. ! 43.0
C.C. 159.1
3.0mm¢ as~drawn  — e — .
Conv. 158.7
C.C. 62.0
0.8mm¢ as—drawn P S S
Conv. 62.0
C.C. 110.9
0.5mm¢g as—drawn
Conv. 110.7

* DPiece length | 150mm
Bending speed ' 264rpm
Bending dia. - 10.4mm¢

++ 00" per a time
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Chemical composition
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Fig.14 Comparison of hot torsion property
between as continuously cast bloom and
forged specimens from continuously cast
and rolled 110mmé¢ billet with forging
ratio of 2.0
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Fig. 17
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