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Tasks and Future Activities Related to Steel Wire Rod and Bar Products

FER
Noriaki HIRAGA

High strength is one of the most important properties for wire rod and bar products. New steel has been
developed to reduce CO, emission and thus contribute to the protection of the global environment. Recently,
in response to the expansion of the automobile market in developing countries, cost reduction has also been
required. This report describes the current tasks and future activities related to steel wire rod and bar
products. Kobe Steel strives to respond to the many and advanced requirements of its customers.
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Table 1 Consumption of special steel

Consumption of special steel (kg/car)
Grade Parts - T - Y] : . 3
Gasoline engine hybrid engine Electric vehicles
Valve spring steel Valve spring, Transmission spring 14 0.7 0
Suspension spring steel Suspension spring 9.6 9.6 9.6
Cold heading quality Cold heading parts (Bolt etc.) 85.3 82.8 73.5
Crankshaft 494 39.5 0
Existing | Bar Connecting rod 6.6 5.3 0
Gear,CVT etc. 79.3 58.2 32.1
Bearing steel Bearing 5.2 5.2 52
High carbon steel Tire cord 10.5 10.5 10.5
Others Piston ring etc. 0.6 0.5 0.1
Transfer gear etc. 0 14.6 0
New Bar Gear for electric vehicles 0 0 16.8
Motor 0 0.4 0.4
Total weight (kg) 247.9 2273 148.2
) Wire rod 100% 97% 88%
Z‘(])if)};erc;l 3;;%}‘13 ;Ztsiline engine Bar 100% 87% 87%
Total 100% 92% 60%

*! Researched by Special Steel Association of JAPAN in 2001
** THS system
** In-wheel motor system
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Table 2 Examples of bolt manufacturing process and steel used

JIS Property Class Min. Tezllaﬂ;a)s trength Examples of production processes Examples of steel used

4.8 420 R—Dr—CH SWRCHS8A

6.8 600 R—Dr— CH SWRCH22A
R—As—»Dr—CH—H SWRCH40K/48K B

8.8 800 (d = 16) R—Dr—CH—H SWRCHB323,526

- 830 (d > 16) , %

R—Dr— CH Non-heat-treated wire rods
R—=A—-Dr—-As—=Dr—CH—H SCr440,SCM435

10.9 1,040 R—Dr—CH—H SWRCHB323,526
R— @A —Dr—CH—H New boron steel
R—A—-Dr—-As—Dr—CH—H SCM435

129 1,220
R—As—=Dr—As—Dr—CH—H SCM440

R : Rolling, A : Annealing, As : Spheroidizing annealing

H : Quenching and tempering, Dr . Drawing, CH : Cold-heading
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< Conventional process >

Hot Hot Control Rough
Rod ! . — . 2.
forging coining cooling machining
Putting Precision
together machining
c Hot Control Rough
ap ! . 2.
forging cooling machining
<New process >
Hot Hot Control Rough . Putting Precision
. — . — X O Cracking .
forging coining cooling machining together machining
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Fig. 3 Manufacturing process of connecting-rod
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FEATURE : Steel Wire Rod and Bar
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Overseas Deployment of Wire Rod and Bar Manufacturing and Wire Rod

Secondary Processing

W= W
FRATEER* T EAR
Goro AKAISHI Noriaki HIRAGA

The demand for special steel wire rods and bars has been increasing as Japanese auto makers has
continually expanded their overseas operations, increasing the local procurement of automotive parts. Kobe
steel now has a technical tie-up with two special steel mills in Europe and North America so that high quality
wire rod and bar can be supplied to auto makers and parts makers. Kobe Steel also constructed a system to
provide secondary processing on wire rod products for Japanese parts makers, mainly by the establishment
of secondary processing companies in Asia and North America.
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Fig. 2 Location of overseas special steel mill which have a technical tie-up with Kobe Steel and overseas secondary processing companies

8 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 61 No. 1 (Apr. 2011)



e BT, HREFERDIZ 2, BHIFEERIZSHIG L T
W5, REP, GBP D2ttt ¥ a2z hthk1, K218
ER

2.2 B

WINIZ I HAR & A L~V EOESN T, B &Ny
EHLUTCOBHIM A — 70380, HANZSEEROZ
AN ESANE, AV U CEE O RRRERA - R
#EET A7 FOEN A>T 5,

Wtkid ASCOMETAL £ & 5588 2 50, B HOO
PAREOBE S 4 £V 225 LA L L 12, BRZ
A XL & RO LFERBE EED TS,
7=, WRINOD H R A B HE * — 7 ORI O HGHLS & L
TRELWEEM ) oy 2 FE L Tn5, £11
ASCOMETAL O 24t % /89,

2.3 ASEAN

2 413 2005 412 F By EPER A 100 A & #AY
(X4), 97@?bn4b&@£héﬁea@$x—
KRR A — B DA U PR & e 5 7, B ]
HdREid, HRABHED RN 90%L, E & IEFIZED
ZEDIEHM, BFE R L UERM O — KL & LT
fMESTeh, WE7 Y 7em RO BEE L2 2 Tn
%,

mwﬁta4ﬁﬁﬁﬁ@zt1:w~fuvlab

3 =~y gy s ORBT R LRI 5 72
i,mw@@ﬁﬁﬁ HZ2EBE x — J7 & o 2 ol

EAERME LTS b —OF TR 4 L JE R &
hiz,

ki 2 A IS A E AR O M TR T h 5
Kobe CH Wire (Thailand) Co., Ltd., ¥ & U° 3212 #4[#H
% 2 BEBIT A DOME & 7 5 R % 54 9 % Mahajak
Kyodo Co., Ltd. % '90 A% FI128%r U, (Al By # g
HEOPWRICEBAL TE /2, Tho Ao 2%k 2 1R
KD
2.4 HfE

HENE, V=7 Y a v 2 %I < B ORRFERIE
Ho72DD, HJF LD HFAOREF R & Ml U 7284
PrnETH S, RO TH] IHEh TA LW, 5

)

2,000
g 1,800} EI ﬁt;l:nreté‘lea.:ujtipanese auto ]
E=] —e— Ratio of Japanese auto -
g 1600 1000 §
S _ 1,400f e
v £ {800 &
% Og 1,200F : %
£ 1.000r leoo &
g3 800t k]
T 600t 1400 2
.- 400F E
g {200
z 200
, , , , 00
2005 2006 2007 2008 2009
Year

4 2 AIZB B B HERES BUERS
Fig. 4 Automobile production in Thailand

R IR I L & 2 O

Table 1 Overseas technical tie-up mills and their outline

Company name Republic Engineered Products ASCOMETAL
Head office Lorain, OH, USA Paris, France
Tie-up year 1999 2002
Main factory Lorain Canton Lackawanna Hagondange Fos sur mer Le Cheylas
Blast furnace Electric furnace Bar mill Electric furnace Electric furnace Electric furnace
Basic oxygen furnace | LF Bar inspection LF LF LF
LF Vacuum degassing Vacuum degassing | Vacuum degassing | Billet CC
Vacuum degassing Bloom CC Bloom CC Ingot casting Bar mill
Main facilities Bloom CC Billet CC Bar mill Billet inspection Bar inspection
Billet CC Bar inspection Wire rod mill
Billet inspection
Bar mill
Wire rod mill

2 WA 2 XN TG & 2 DR

Table 2 Overseas wire rod secondary processing companies and their outline

Grand Blanc Processing Mahaiak Kvodo Co.. Lid. Kobe CH Wire (Thailand) | Kobe Wire Products (Foshan) | Jiangyin Sugita Fasten Spring | Kobe Special Steel Wire
Company Name LLC. J 4 R Co., Ltd. Co., Ltd. Wire Co., Ltd. Products (Pinghu) Co., Ltd.
GPB MKCL KCH KWPF JYSF KSP
Place Michigan, Bangkok, Bangkok, Guangdong, Jiangyin, Pinghu,
USA Thailand Thailand People's Republic of China People's Republic of China | People's Republic of China

Nature of business

Secondary processing of
CH & Bearing wire

Secondary processing and
sales of cold finishing steel
bar

Secondary processing and
sales of CH wire

Secondary processing and
sales of cold finishing steel bar
and CH wire

Secondary processing and
sales of oil tempered wire

Secondary processing
and sales of CH wire

1995

1996

Btablishment | eted in March 2003) | (invested in February 2002) 1997 2004 2005 2007
Capital US$ 16.8 million THB 143 million THB 103 million JP¥ 725 million JP¥ 760 million JP¥ 1,200 million
Equity participation 20% 27.5% 30% 60% 60% 50%
750 t/month
Nominal capacity 6,000 t/month 1,800 t/month 3,000 t/month for cold finishing bar 600 t/month 2,100 t/month
650 t/month for CH wire

Main facility

Pickling & coating: 1 unit
Continuous furnace: 2 units
STC furnace: 1 unit
Drawing machine: 5 units
Eddy current tester: 1 unit

Combined drawing machine:

Type I 1 unit

Combined drawing machine:

Type Il 2 units

Eddy current tester: 2 units
Straightener: 1 unit
Cutting machine: 3 units

Pickling & coating: 2 units
Shot-blasting: 1 unit

Batch type furnace: 5 units
STC furnaces: 4 units
Drawing machine: 9 units

Pickling & coating: 1 unit
Combined drawing machine
with eddy current tester: 2 units'
Drawing machine: 3 units

Pickling & coating: 1 unit
Drawing machine with eddy
current tester: 1 unit

oil tempered equipment: 1 unit

Pickling & coating: 1 unit
STC furnaces: 2 units
Drawing machine: 3 units
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Effective Boom Production System Using Three Continuous Casting
Machines to Produce High Quality Steel
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ﬁ#f%“ = HEER FLE oz fRlE R FRE—%x*2
Hiroaki SAKAI  Yasumasa YOSHIDA ~ Takeshi INOUE ~ Yoshio FUKUZAKI ~ Kazuki SUMIDA

Kobe Steel commissioned the No.5 continuous bloom caster at the Kobe Works in September 2006. Kobe
Steel has three bloom casters, two at the Kobe Works and one at the Kakogawa Works, to produce high
quality bar and wire products. Depending on the quantities ordered, and by using a combination of
technologies and techniques, several different grades of steel can be manufactured, and the same quality
steel can be produced from every continuous caster. In response to customer requests the most suitable
caster can be selected according to the steel grade and the order quantity. This report considers the
selection of the bloom caster, and the steelmaking process, in addition to the quantity and any special steel
grades required.
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Table 1 Specifications of bloom casters

Item BCC 3CC 5CC
@ Start 1980.12 1981.1 2006.9
£ [ Works KAKOGAWA KOBE KOBE
S | Ton/heat 250 90 90
% Machine type Bending Vertical curvilinear Vertical bending
&' | Number of strands 4 2 2
'% Bloom size 380 X 600mm 300 X 430mm 300 X 430mm
= Casting speed (max) 0.9m/min 1.2m/min 1.2m/min
Length 900mm 1,200mm 900mm
% Oscilation 6mm (& 3mm) 4mm (+ 2mm) 3mm (+ 1.5mm)
= | Oscilation frequency (max.) 180cpm 240cpm 300cpm
EMS 2 phase 2 phase 3 phase
.% | Vertical length — 4.7m 3.0m
5 € |_Bending radious 15m 10m 10m
= =| Machine length 34.4m 32.3m 32.4m
_%' e Zone length 13.9m 5.7m 6.5m
§ § Number of zone 6 5 6
& ©| Type Spray & mist Spray & mist Spray & mist
= E Type Water bath Mist Air
E S| Location Off line On line On line

B R

PR B GRER IR I R RS
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Fig. 5 Product mix of each bloom caster

20— Z & QOERREED D O il I 3212 BCC TRlbE
LT3, $hdmfs k& nwa 12 &k - TEEA K
ELHRNBZENS, ELICEREMTIZ, BT
W OWHL I L THATh 5L ELON S,
2.2 3CC T 2x4ifE

Bk 21— = — X3 b Bzl i3 o —56, Al
WEGIZ 212 3CC THLE L T B, KFE FRfiia A L,
fATdGE # R L 2884175 L & 310, Ktz il
U 7= ki & 17 5 Z 212 & > TIRIAWEED 503 % 17
STW5,
2.3 5CC CERT X 4ME

5CC TiZ, T bAVNE < SIS FRHESEISH§ % 0K
A LS EERA (LUT, CHQ &9) RJEFHE %
FICELE L T3, KISITRT LIS 8EIECHQ Th
D, AR - hEESICRE LT 2L L 810, $hEAR N %D
FEEH IR U TR U RIS A il e 2 3 K AL
EET->T03,

3. T —LEHICHTZRELE

3.1 EFEOEXHAERE
R 2 ISKAEFEO VBT E W) S DRSS K B i
BOCERE A RS, L — L 3 BRI 8 L T,

12 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 61 No. 1 (Apr. 2011)



K2 TN — LI 51 8 B SGE D 72 0 O R AR
Table 2 Transition of bloom casters for quality improvement of steel

Year[ '82 ['84 ['86 ['88 ['90 [ '92 [ 94 ['96 ['98 ['00 ['02 ['04 ['06 [ '08 [ '10
@Start up ('80)

@Secondary mist cooling
@Third cooling @Improved
submerged nozzle
Improved secondary
cooling condition
@Improved roll pitch
[

BCC

Improved mold
taper (two step)

Roll cooling

@Start up ('81)
@Secondary mist cooling
@Modification of tundish (T type)

@Prediction system of breakout
@Precise level control in mold
@High cycle mold oscillation
@Tundish induction heater
@Hard reduction @Automatic detecting system

@Third cooling of ladle slag

8 @Automatic control of gas flow rate
@ to insert nozzle
@Reconstruction of
secondary cooling zone
@Roll cooling @Improved control
of third cooling—1
Improved secondary
cooling nozzle
Improved control
of third cooling—2
@Start up
3
s Improved control

of third cooling

Conventional Improved

Amplitude of heat cycle

Amplitude of heat cycle
Low « Temp — High Low « Temp — High

X6 2 XGH , 2L OuGE
Fig. 6 Improvement of cooling by wide-angle spray nozzle
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L 7= Nb ¥R M SCM4208 T % < il 7z, L7zh - T,
IhoDRMIIEHETIZREL - D TIEEL, ThE

Bad 1.0 I \ O Corner cracks
” 0.07 Improved §ec0ndary O Blowholes
g 0.8F cooling nozzle O Longitudinal cracks
:g 0.40 005, O Grain boundary cracks
5 061
8 0.32 —0:04—
ke
2 oaf 023 =003
3
% 0.50 o1
= 0.2r 0.39 0.29
= i 0.23
Good 00 L L
'06 '07 '08 '09
Surface defects of 3CC
Bad 10 ; Improved control | O Corner cracks
2 08 of third-cooling ga‘)w&ﬂgs L erack
o Reld ngil 1nal cracks
% 040 025 ____ | O Grain boundary cracks
o 4
8 061
£ 0.25
& 04r
3 0.16
% 0.57 0.54
'g 0.2r 0.38 026
Good 00 '06 ‘07 '08 '09

Surface defects of 5CC
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Fig. 7 Improvement of surface defects of each bloom caster

Grain Boundary Cracks (Nb added Carburizing steel)
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Fig. 8 Surface cracks of crack sensitivity steel
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Fig. 9 CCT diagram of S45C steel and microstructure after reheating
furnace
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0.0019Pa) .......................................... (1)
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Fig.10 CCT diagram of microalloyed steel
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Fig.11 CCT diagram of carburizing steel
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% 3 SCM420-+Nb(0.03%) 1= ¥ 1) 2 ZfEk
Transformation temperatures of SCM420 + Nb(0.03%)
measured by Formaster

Table 3

R4 SHIREIC I 1) B ol A i AL

Table 4 Optimum cooling method for various steels

Heating |Cooling Transformation temperature (C)
gzgle temperature| rate Ferrite Pearlite Bainite |Martensite
(©)  |(C/min)l gt ] Finish| Start| Finish |Start| Finish | Start [Finish
soma®|  — 5 770 680 | 650
80 | 750 580 | 320
SCM420™* 5 [720 450 | 450
+ Nb | 1,300
0.03%) 80 560 | 360

%1 From reference ”
(C=0.22%, Mn=0.64%, Cr=0.97%, Mo=0.23%, Nb=tr.)
* 2 Measured by Formaster
(C=0.22%, Mn=0.85%, Cr=1.20%, M0o=0.30%, Nb=0.03%)
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o 700 : L

© 600 o227 ]
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[} Pad t

& 300 C :022%

Mn : 0.85%

200 Cr 1 1.20%

100} Mo :0.30%

. Nb :0.03%

0.1 1 10 10 10° 10 10°

Cooling time (s)

12 Nb FMIPLHER I F51F %5 CCT #itXl
Fig.12 CCT diagram of Nb added carburizing steel
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2BV TE, Mn JEFVESD & 5 12 R G HIEE L G )
HMENEL L2856, GHMEEZEST5ZLI2X-T
ZREZEL X8, BEDLDOEELEZFI<LT5Z
ERTED, 7, 2EHIZE WL, Nb RN E Mo
DX IS =F 4 FPERELIZS WEDIZONWTIE, 3
RGHEE# 2 LR S 5 Z L ICk > TEREET T EH5LZ
EOTHETH B,

Carbon | Microalloyed | Carburizing Nbbadfjf.:d
steel steel steel Carburizing
Steel grade steel
S45C | KNCH10*' | SCM420 |SCM420+Nb
v,* high — — low
Structure | F+P | F+P+@®B) F+B B
Start o
temperature | 660C | OL0C 580°C 560°C
(450°C)
Wat Bor P
ater —
cooling Favoratility™ | O A= O O
More stable - de(.:rease — —
cooling rate
Improvement| — reduce water _ _
it flow rate
Structure | F+P F+P F+P F+(@®B)
Start
temperature | 680°C 680°C 680°C 450°C
. BorP
Alr [ voratily™ | O o O 20
cooling avoratility
More stable - - — e)_(tenq
cooling time
extend
Improvement — — — I
cooling time
* 1 KNCH10 ; KOBELCO BLAND *3 O Good
* 2 Critical cooling rate to attain a fully A Possible

annealed structure X Impossible
logV; =6.36—(0.43C% +0.49Mn% +0.78Ni%+0.27Cr%
+0.38Mo%+2(Mo%)"* +0.0019Pa)

CIV=2tLIC 5 2 SRR O 4 PERE S 2 i b § %
728, 2006 -9 HIZ5CC &2 HE) s, 7L — L3
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R 2R U7z, & USHFHE T & O 3 K ROE
WETHT 22 L2k, FRETETEMRIT 250k
ol xR a5 Z ERETH B, Sk HfiL
NADFEERD , aEOR E & d kb R 255
TP Th %,

2 £ X ®

1) fEi R e © R&D i BiEeR, Vol.50, No.1 (2000), p.17.

2) AP R&D #iE SR, Vol.56, No.3 (2006), pp.9-13.

3) KFIATEHRE S HRHR, HAI 3L, (1967), 296p.

4) HRE —E2  BIEMERY, A, (1972), 293p.

5) D. V. DOANE & J. S. KIRKALDY : Hardenability Concepts
with Applications to Steel, American Institute of Mining,
Metallurgical and Petroleum Engineers, Inc., (1978), pp.163-
178.
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Overview of New Bar Conditioning Line
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In February 2007, a new bar conditioning line was completed at the Kobe Works bar conditioning factory. A
bar conditioning line is a process to guarantee bar steel quality in the production of special steel. The new
line was built in response to recent demands for higher quality, and includes a newly established
straightening machine, a magnetic leakage flux testing system, and an updated ultrasonic testing system.
This new line serves to secure our productive capacity of steel with unprecedented quality and ensure the
company's ability to meet the continuing demands of industry for steels of high grade quality.
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Table 1 Specifications of new bar conditioning line

Product size range ¢ 17—108mm

Productive capacity 25,000t/month
Product length 3,500—8,000mm
Bundle weight Max.3,000kg/bundle

D 7
WP Lo e 4

magnetic leakage flux | (ultrasonic testing system|
testing system

R1 HRERHEIA L4 7Y b
Fig. 1 Layout of new bar conditioning line
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Fig. 2 New straightening machine
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Table 2 Specifications of straightening machine

Type Two-roll straightening machine
Speed Max.120m/min
Straightness 1 mm/m
Roll degree 25—35°
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2.2 XREMFGEE
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PR HEE (Magnetic Leakage Flux Testing System, Ll
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Fig. 3 New magnetic leakage flux testing system
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Table 3 Specifications of magnetic leakage flux testing system

Type Rotating type magnetic leakage flux testing system
Speed Max.150m/min
Detection ability ¢ 0.10mm X 10mm

No care Care ===-=- Standard line

30 T T T T T T
20% down
25 | | b
20 B
< 15 .
10 B
5F S/N=3 -

OO.O 0.1 02 03 04 05 06 07 08 09
Flaw depth (mm)
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Fig. 4 Signal intensity of before and after care
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Fig. 5 Signal intensity of flaw shape
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Fig. 6 Flaw shape of scab flaw and seam flaw
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Fig. 7 Detection range of before and after improving
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Fig. 8 New ultrasonic testing system
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Table 4 Specifications of ultrasonic testing system

Type Rotating type ultrasonic testing system
Speed Max.150m/min
Detection ability ¢ 150 2 mX15mm

9 HEH A £y b
Fig. 9 Testing cassette
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Fig.10 Comparison of signal intensity between old and new UST
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Outline of Renewal and Improvement of Billet Conditioning Line
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March 2009 saw the completion of improvements to surface and internal defect inspection equipment and
defect removing machinery at the Kobe Works billet conditioning yard. During this refurbishment program,
the shotblast machine, automatic magnetic particle inspection system, ultra-sonic detector, auto milling
machine and manual magnetic particle inspection system were all revamped with the aim of improving the
quality assurance of the equipment, and raising the level of production. The program was successful and
with renewed use production has increased, with a decrease of residual surface defects.
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Table 1 Specifications of shotblast machines

Specification
Item
Old type New type
Incidence (kg/min) 480 720
Motor capacity (kW) 30 45
Incidence density (kg/m®) 46 60
(Dnew type (40m/min)
@old type (25m/min)
®old type (30m/min)
®old type (40m/min)
70
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Fig. 1 Comparison of projection density (a)old type and (b)new type
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Table 2 Specifications of automatic magnetic particle inspection

systems
Specification
Item
0Old type New type

Camera type area camera line camera

Pixel size (mm) 0.36 X 8 0.11 X 0.11
Number of magnetic coils 2 3
Table rate (m/min) 25 40

Fluorescent magnetic particle spray i ltrav1olet ray source

.|_|

ITV camera

155mm square billet

Quadrupole electro-magnet

2 W E BRI R E A O i B 2

Fig. 2 New automatic magnetic particle inspection system
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Fig. 3 Comparison of camera view image between (a)old type and
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Fig. 4 Defect image of (a)area camera and (b)line camera
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Table 3 Specifications of automatic ultra sonic detectors

Specification
Item
Old type New type
Frequency (Vertical angle) (MHz) 3 3
Frequency (Oblique angle) (MHz) 2 3
Number of Probes (ch/single-plane) 6 8
Table rate (middle part) (m/min) 30 40
Speed control Beier cyclo Inverter
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Table 4 Specifications of automatic milling machines

tem Specification
Old type New type
Cutting method Milling cutter
Number of cutting units 4
Arrangement of milling chip parallel staggered
Shape of milling chip round oval
Number of chips (piece) 24 32
Material properties of chip ceramic metal
Capacity of cutter drive motor (kW) 11.0 18.5
Max.milling width (mm) 13.0 43.0
Max.milling depth (mm) 1.5 3.0

K5 H LB IR O i LAk

Table 5 Specifications of manual magnetic particle inspection

5 B O SHEL

Fig. 5 Appearance of automatic milling machine

systems
ltem Specification
0Old type New type
Number of magnetic coils 2 3
Magnetization type double-pole quadru-pole
Length of magnetic field (mm) 540 1,800
Magnetization time (s) 1.3 2.7
Table rate (m/min) 25 40
Cutting holder Cutting holder
|
: _ ET a9 et T |

(a) Ol1d type

T Blllet —

(b) New type

6 HHTH(a)

22 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 61 No. 1 (Apr. 2011)

Tz O DAy &4 F vy TR
Fig. 6 Milling chip shape of (a)old type and (b)new type
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Improvement of Bloom Surface Quality in the Hot Scarfing Process
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A hot scarfer is used to remove bloom surface defects in the blooming mill. To manufacture bar and wire rod
products with a good surface quality, it is important to maintain the optimum operating conditions of the hot
scarfer. The purpose of this study is to investigate the main factors causing uneven hot scarfing performance
and to clarify the proper preheating conditions of the hot scarfer. A finite element fluid analysis has been
conducted to calculate the mixing ratio of propane and oxygen at the bloom surface, and the a reasonable
mixing ratio was estimated by comparing the calculated results and the actual bloom surface after the hot
scarfing. This mixing ratio was applied in the actual operation of the hot scarfer and the satisfactory results

have been achieved.
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Table 1 Condition of gas pressure

Status Gas sz;s;re
Propane 30
Preheating Shield oxygen 180
Scarfing oxygen 4
Propane 10
Scarfing Shield oxygen 30
Scarfing oxygen 180

x2 H 2DOMEHIESF

Table 2 Condition of gas injection width

Gas injection width (mm)

(a) Conventional

(b) Improved

Propane

Bloom width + 20

—

Shield oxygen

Bloom width + 70

Bloom width + 20

Scarfing oxygen

Bloom width + 50

Bloom width + 20

140

120 + 1

60 - 1

Flow velocity (m/s)

40} ]

20 F —— Analysis 1
—@— Measurement

0 20 40 60 80 100
Distance from bloom corner (mm)
X9 A ZFH D A 5 & 2RO Hoig
Fig. 9 Comparison of gas flow velocity obtained by FEM analysis
and experiment

Scarfing Oxygen nozzle

Shield Oxygen nozzle

Propane nozzle
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Fig. 8 FEM models of nozzles
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Analysis of Surface Defect Generation Behavior and Decrease of Wire
Rolling Defects

4
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Hitoshi KUSHIDA  Dr. Mikako TAKEDA  Shoji MIYAZAKI  Yoshihiko KUBOTA

Decreasing surface defect is one of the most important factors for increasing the quality of wire rod
products. Conventional studies on surface defects mainly focused on billet defects by investigating, rolling
deformation behavior. In this report, a generating mechanism was experimentally envisaged for surface
defects generated in the rolling process. Next, the presumed mechanism was verified by the experiment and

the numerical analysis, and a procedure to decrease defects was carried out.
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Table 1 Classification of typical surface defect generated by rolling

Form Feature

Defect scratched by groove or
@ Scratch ( ( ) induction device, etc.

Defect that overlaps along
@ Overlap M direction of rolling

Defect that scale sticks to
surface

@ Wrinkle | (=== Wrinkled defect chiefly caused
on free compression side

3 Scale mark (

05mm
1 WYY 72 U b iieD S & Ol e B 5 A
Fig. 1 Optical photomicrograph of typical wrinkle defect on the
surface and the cross-section
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Cr WA — L LHEBOBEEEIC R T wELTAL
7»:4>0

2.1 EBRFE

PRI iizcﬁ?ﬁ&®¢@qmm@MH%ﬁ
BRI L7z, 2 — VB O 72012, fEakk 4 8k
ﬁX%Hﬁ¢TWﬁ%,ﬁ%t@ﬂ&,@ﬁmﬂﬂ_u
L7z, Zsds, MBEGEI SIS FEIETHH T\ 5 LNG
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* 2 O (mass%)

Table 2 Chemical compositions of Cr containing steels

Steel C Si Mn P, S Cr
A 0.95-1.10 | 0.15-0.35 < 0.05 < 0.025 | 1.30-1.60
B 0.33-0.38 | 0.15-0.35 | 0.60-0.85 | < 0.030 | 0.90-1.20
C 0.08-0.13 | 0.10-0.20 | 0.30-0.60 | < 0.030

Oxidation at 1,373K
in LNG combustion gas

i ]

30min

Compression

- at 1,273K

— > «—>
Scale formation Adhesion test

2 FEEROBMEIX

Fig. 2 Schematic diagram of experiment
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Fig. 5 Effect of heating temperature on structure of subscale
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Fig.11 Diagrammatic illustration of surface defect generation mechanism
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Table 3 Test condition

Material SWRCH45K
Roll diameter (mm) 230.0
Rolling temperature (K) 1,273
Rolling speed (m/min) 1.5
R=23.6
Shape of groove (mm) H=5 00
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FEATURE : Steel Wire Rod and Bar
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Capacity Improvement of Special Steel Supply by Establishing a Compatible

System for a Wire Rod Mill

.

—h A
SES G AREEEZ* B
Goh SHIRANO  Yoshihiko KUBOTA  Hidenori SAKAI

57 1 e

The wire rod manufacturing of our company has been carried out in two mills; the No.7 wire rod plant
mainly manufacturing special steel for cars, and the No.8 plant mainly manufacturing high-level mass
production steel, e.g. steel cord. To meet the rise of demand in recent years for special steel by the
automobile industry, and to make more effective use of the No.8 mill, from 2004 to 2008 we promoted the
interchangeability of production functions and expanded the mill. We improved inspection accuracy and the
throughput of the billet conditioning yard, along with the production of large diameter coils; these changes
resulted in an expansion of the interchangeable amount by 135% compared with 2004.
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1. SR IMTITEORIE

1.1 BIE

80 L AR 3 S~ S ~ oy BRI A TS 2 A% s
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DRSNS U 7z Re I 2 FEh L 72 (R 1),
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Table 1 Improvement at billet conditioning yard

Process Improvement item

1.2 SRHREEERL

5 8 B T d 0 T F B ARG IS 23 RER G 0 B3
BEHAEMmMEXES ETOXy 2 E>TNE, 22T,
5 S A TIOH R IN T T 613 % £k & OO
m B PRRERE ) A L X & BN, 2004~20084-12 221 T
DU O @it % Fhii L 7z,

1) ik HBERESS 7 4 VA (20044F)
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720, 5 7R TGO I35 i R o KR
ik H R EG%RE (MT) 2w Tns, —7,
5 8 B T3 O 8 N T T35 Tidifh B MT 26 4 F
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D R L 23 % <, MR & GFHXRIGE 75 5 50N
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0, touitERGET 52N TELRND (R3),
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Table 2 Updated process for quality assurance

Plant Process

Auto Fraise Stationary
e ) s
o) e
No.8 wire rod mill | provement grinder) grinder
(Kakogawa Works) after .E> Auto [> Servo E) Statlonary E) Servo
improvement grinder] grinder

No.7 wire rod mill
(Kobe Works )

Automatic MT line Shortening sending pitch

Updated stationary MT line

Stationary MT line
Expanded buffer area
uT Updating
Care line Updating

. Improvement of inspection accuracy
. Improvement of capability

R 3 RPN ARG R
Table 3 Residual defect after inspection of processed billet

Plant Residual defect index Remarks

d<0.3mm | d=0.3mm
No.7 wire rod mill
(Kobe Works) 1000 0.0
No.8 wire rod mill 95.9 41 Key factor .
(Kakogawa Works) i i Crack overlooking

USSR Rl MM ARILEAE R
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Inspecting table

1 HfiE R MT s
Fig. 1 Stationary MT inspecting room

Inspection

‘ Inspection from 4 side ‘
from only upper side

[uT]

Probe IIII

[uT]

Inspection
area

2 UT O¥EGHEIH
Fig. 2 Inspection area of UT
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Table 4 Capability of defect detection

Item Equipment | Before improvement | After improvement
Internal
defect UT ¢ 0.5mm X 10mm $0.35mmX 10mm
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2 04r
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=Signal of ultrasonic wave . low

.

‘ New ultrasonic wave ‘
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08r
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Intensity of ultrasonic wave

OO P 1 1 1 Ne-
—60 =40 =20 0 20 40 60
Distance from center of wave (mm)

Beam width : narrow
Maximum intensity . high
=Improve sensitivity for detection
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Fig. 3 Improvement of ultrasonic wave intensity
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Automatic MT line
[Productivity]
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[After improvement]
Stationary MT line
[Productivity] Buger
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Fig. 7 Capasity balance between inspection process and care process

[After improvement]

Care line
[Productivity]

170 t/h

Improved structure of cart

‘ Driving wheel . K '

Motor : hydraulic = electric
Easy maintenance

Number of driving wheels : 2= 4
Reducing load at joint part

5 WA ESGENE
Fig. 5 Improving points of griding cart

+ Separation of roller-tabl

Reconstruction
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- Increasing line speed

Separation Separahon
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B " d Reversal machine
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______________________
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—
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Fig. 6 Updated automatic MT line
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Fig. 8 Line buffer at stationary MT
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Fig.10 Comparison of productivity between No.7 wire rod mill (7w)
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Fig.11 Coil height per 1ton (ave.) of 8w and 7w

2) Stelmor conveyor

3) Inspection line

Water
‘ Layout of No.8 wire rod mill No.2 cooling
middle section
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change the coil size

- Coil separation correction, etc.
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4) Physical

distribution

+ Renewal of C hook of a crane
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Fig.12 Contents of construction (overall view)
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Fig.13 Updated laying head
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Fig.14 Extension of stelmor conveyor width
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FEATURE : Steel Wire Rod and Bar
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History of Development of Wire Rods for Valve Springs

Nao YOSHIHARA

To reduce fuel consumption, the weight of automotive valve springs needs to be decreased. Kobe steel has
developed high strength steel for valve spring to meet this requirement. Furthermore by continuously
developing technology for the control of non-metallic inclusions i.e., internal defects, high strength valve
spring steels with good robust quality has been provided. This paper describes the development history of

wire rods for valve spring with high fatigue strength.
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Fig. 1 Valve spring in automobile engine
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Fig. 2 Manufacturing process of valve spring
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Table 1 Chemical compositions of wire rod for valve spring

(mass%)
Steel grade C Si Mn Ni Cr A%
KHVI2N Ultra high tensile 0.60 2.15 045 0.20 175 0.27
KHVION | Super high tensile 058 2.00 0.85 030 095 0.10
KHV? High tensile 0.62 145 0.60 — 0.60 0.12
SAE9254 SWOSC-V 055 140 065 — 065 —
SAE6150 SWOSV-V 0.50 0.25 0.80 — 0.95 0.20
SAE1070 SWO-v 0.70 0.25 0.80 — — —
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Fig. 3 Trend of high strength steel grades for valve spring in
KOBE STEEL
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Fig. 4 Product ratio of valve spring steel grades in KOBE STEEL
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Table 2 Properties of oil-tempered wire

Tensile strength | Reduction of area y grain
[MPal] (%] size No.
KHV12N 2,157 46.4 14.0
KHV10N 2,155 52.4 12.0
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Fig. 7 Relationship between annealing temperature and mechanical
properties
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FEATURE : Steel Wire Rod and Bar
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&Ni, V7 U —S5ERZRIE 1 AIHACROS1950
High Strength Wire Rod with Low Nickel and Vanadium-free for

Suspension Spring ACROS1950

SLERE

Tomotada MARUO Nao YOSHIHARA

Newly developed suspension spring steel, ACROS1950, has low Ni but has no V, in order to avoid the risk of
increased alloy costs. ACROS1950 can enhance the suspension spring design stress up to 1,200MPa as the
maximum shear. Hydrogen embrittlement resistance was maintained by controlling only the Ti, and
corrosion properties by controlling the Cr, Cu and Ni. As a result, the suspension spring steel has the same
corrosion fatigue life as UHS1900 at 1,200MPa of spring stress.
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Table 1 Chemical compositions of tested steels

Chemical compositions (mass%) .
Steel grade - - . Manufacturing process
C Si Mn P S Cu Ni Cr A\ Ti
SAE9260 0.60 2.00 0.90 0.012 0.005 — — 0.15 — — . . .
UHS1900 041 | 175 | 018 | 0.009 | 0003 | 027 | 051 | 1.05 | 0.157 | 0.060 Continuous casting — Billet
— Hot rolling (¢ 13.5mm)
ACROS1950 0.42 2.10 0.93 0.012 0.005 0.25 0.25 0.35 — 0.095
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FEATURE : Steel Wire Rod and Bar
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Delayed Fracture Evaluation of High Strength Steels by SSRT Testing

‘\ //h ‘YE
FE B SHIEE
Wataru URUSHIHARA Takuya KOUCHI

The demand for improving the delayed fracture resistance in high strength steels, especially for automobile
applications, has increased dramatically. By use of the SSRT (Slow Strain Rate Technique) test, the
susceptibility to delayed fracture can be rapidly and quantitatively evaluated. Therefore, with SSRT tests, the
relationship between the critical hydrogen concentration for fracture and applied stress can be analyzed.
Furthermore, by combining atmospheric corrosion test with SSRT test, the effects of such surface corrosion,
as the formation of pits, can be evaluated on the delayed fracture susceptibility. This test provides an
optimum evaluation method used under a normal atmospheric environment for such high strength steels as

bolts and springs.
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1. SSRT &% AU BN BIESTE

1.1 SSRT %
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Heater Stress (strain speed : 1077~107%/s)

Thermo
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Test solution I |

B 1 PEfiF v — 2 LA 6O SSRT AKX
Fig. 1 Scheme of SSRT test with electrolytic charging in solution
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Fig. 2 Evaluation method of SSRT test

1.2 SSRT EDFIN

EOY AL, EREERICE T, HHABRBRISOEOERE
Rk K K 1 CalBR 217 9 A T RS B T H
D, EENPFMMTE AN EEDH D, LERo>TEOT
A, EMEBETIZ, WL L OBREINE T ik & 1T
DB EHLVH, KMAHEORRAKERELL L, EE
ZE) MRS TR A S, AL, BRI AKUE
BB CH 3R F RBAUTATIE, EEEHRICHM &
HIZXURERE y PR L TED , ERBEEREA
DEENRKZNEVDITNEY 10 H SRR TR A
%<, SURFEARE Y BB LIZS WY, IEfExE
MBI & 7 6 WAL H 5,

ZHUZH LT SSRT #: Tk, slBREBRIRIC & & 4 4R
TENHERZMEANE TE 2720, sRERBRE R WE K
REFFHERICADETUET S22 EARETH 5,
F7z, WO AREEAMETSZLI2KD,
TEENRIE AT 2 BRALECE AR & & BN sz
At OB 2 A5 SRS 2 Z L A TE 5, EEH
{51012 53 % % CSRT (Conventional Strain Rate Test)
B3 AR BGEEHI S AT BE T & 5 4%, SSRT D J5 A0
FARBE IR0 | BT AIBANDKRORL % B
ET%, X0ROIEAKER R TO S 2 5Hli A AT RE ©
b5,

1.3 SSRT & TOKFEREE

o FH BRI C D BRI % BTl 9 % 1203, Rl BRI
TOWIERAKRFE L N RfF R RIAERE L L, SSRT 4
TORRERFT OWE KR &R SRR I M s 2 5 &
vy, WAL XL EFERICA DY TGREEZ 1T S Bh
&, BRI S 35 TR 3 B B M KSR & & TDA

(hydrogen Thermal Desorption Analysis) 7 & OHIFEIZ
EoTHHRL, R VNILOILEMKER & 8550 T
DR F v — VI K - TR DR &2 ek & & T
SSRT & 1T 21X KW, 0, WIEAKRL ~ILITHIA ¢
JERRmPEL FEHICADY, BREOWEL G -IE
IEWEHT & T 28541, FHEOB A BE L 2B T
T E¥CTSSRT 247 21X kv,

1.4 PRFIEELIE KR E OFFHE

bt RO BN A RS 5 FkE LT, Eh
W24 C % i D ORI KSR & (=R AR R &)
&, BEHBREUC B TR 9 S R AR R 5 & & Tl g
5ZENnRALNRTVEY W, SSRT ¥ THNEd 545

B, Wod AR E SRR O & F T+ v — ¥ L7221k, K
FHHPIED - & & i L CKERE —EISIRFF L 72 K78
TR AT 9 A, KEWEE U 22 53 5 5RBR A 17\, T
P2 ik I O gE K = A E 34U Koo, BEIRTRE O 4k
AR REAS, £ OBETIL T - OTR TORRBIEEEK
B
1.5 ATEBRIEERRE SSRT Ezx A ht /-5
ANED & 512, EROEE S GO - FEITEVEND
ARG 217 5 3503, FIEOTE R % 55 U 22 BUR
TCERXETSSRT HIZ X 2217 2 1 kv, T4
bHH, FLIREFALEDLSITKRAEE THWON S
SAMEDFENBEIF O & L Cid, SST (Salt Spray Test) ,
& B\ MF SST /Wt /il & #55K 9- CCT (Cyclic Corrosion
Test) 12k 0, KXUE R RMEIZHE & W3 5 8 £ BRI
Talili 4 2 BER b 5, JEERBRE B 5 VI3 AR &
DM E SSRTEIZ K M &2175 Z &2k D, #ikf
RO I VRIFERY v P DL & DfFRERIMIZIEZE K
e U 72 RS2 Rt 23 W BEC b B o

2. SSRT &IC & B ENHRFHE S

2.1 [PRFIREMEKRE O FHES]

BRI D ZAFCOBEMF v — V12 K THRFIIZ JEAL
PAREEBA Z LS SSRT ¥:1 & 25l # 47\, B
Wik K FE RAEEMEARRR) BN
DB % R U 720 % 7R3,

22T, VIR O8I A, B 2 Vb
TN REANGE &b )y F &R T 72 ¢ 8mm DikER
B (B3) #EHL, 5 & 249 1,400MPa (ZFH% L
Bl A 1T 5 72 31, RBRH O KR A ILHIH
THIEL DD, +HICRALE S E S 720ICKR 21T
a,b, cOIFMHFIZTI6hIEmRF v — VI EIT 572, £

F1 B O 2R

Table 1 Chemical compositions of tested steels
(mass%)

Steels C Si |Mn| P S Ni | Cr [ Mo | V Ti

A 0.42| 0.06 | 0.53 [0.007(0.004| 0.54 | 1.00 | 0.97 {0.0700.050

B 0.41 | 0.20 | 0.72 10.013{0.010| — | 1.01|0.18| — -

IR ERREA
60" %1
G

% f 1£0.025
\_0.12R*0.005

M8XP1.25
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] 1
50£0.1
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3 SSRTETD / v F{f & D5 R X
Fig. 3 Scheme of sample with notch for SSRT test
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Table 2 Conditions of electrolytic charging

Test solution Currz&l;rﬂ%nsity
a 0.5mol/L H,SO, + 0.01mol/L KSCN 10
b 0.5mol/L NaCl+-0.01mol/L KSCN 10
c 0.5mol/L NaCl+-0.01mol/L KSCN 1
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Hydrogen evolution rate
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Fig. 4 Evaluation method of diffusible hydrogen content
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Fig. 5 Max stress by SSRT test with electrolytic charging
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Fig. 6 Relationship between critical diffusible hydrogen contents
and delayed fracture (DF) susceptibility
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Fig. 7 Schematic view of test piece without notch for SSRT

SSRT#:E LT, IBARZEH AKX S Bk 2 3FHEOR
ERGAF 2 BIN L 72, sRBODIIE R 2 Eb V& L,
240 b OakRF v — P D FTSSRT %175 72, kB
QIIARERIERE (BIER) 2105 %ML L, pH3 Ol
238 L C O SSRT i ili 217 - 72, & 72akBrQ T
KREJERE S &k & LT 5%NaCl % 7= SST % 234
fl52hE U 72%%, SSRT %17 > 72, ZNZNDERD EH

RsD #li= 5154 /Vol. 61 No. 1 (Apr. 2011) a9



135N RED LA 5 BENHIERRZ M2 51§56 & &
B, Btz Y v T O fLEEKIEE % TDA 12Tl
EL7,

X8 i3, Rk COBRNPIEERZ AR L 728D T
b5, OakF v — 2 & QEImIFETIX, Hy REE
NI Z I RIS HE NS L, WL ESHED
b o7z, —H@SST T, [Hy BifEAVNEWEE
PENEIERAZ MK < 2 A IEIEICH 5720 TD KIS
FENBERAZ P I3 GRERBR B 12 K % < IRAET B,

X9 123, @ ToEfANE, F72R10 23RO,
@, OIZHT WA AR E 28§, SST & Fhti L
72 iRER I CTIH 5 KR A 4.3 pm DOIFA O AJE R ITE D
DHDEPITHENZENRDENZE DD, WTFhoOiER
THIH y R & IR e OIS, W A28 5
Nhhrotz, 72, WThORERETEIH o KR ILAL
PVARFRRBIHE LA, 57, Thbb, ZTho O
I, EEERCILBM AREROERAHIETAK <, 2.1 Tl
N7BRANEAE AR SR & & BRI 350 TR 4 % KSR
HOWK T, 48 OBHEFIM 5 Z L3 L E
FZibhb,

ﬁﬁ@ﬁiﬁ@&%%%@%ﬁ@%?ﬁﬁﬁgéé%
NENEI, B2 7, BREL 2lBO T
y*j 73‘43pmd4551«\ 1153pm0)b\‘§‘?’l—‘éj‘:ﬁ ﬁ

DIEfEERL, KEXBPHEE y PEED S E W, —
100 T T T
o O— N ———— A
80r —— (D with electrolytic charging
70r —O— (@ with immersion in acid
60 —— (3 after SST

DF susceptibility (%)

0 10 20 30 40

Prior austenite grain diameter (xm)

8 [H y Kiff & ENHHFEZ M & DFHBY
Fig. 8 Relationship between prior austenite grain size and delayed
fracture (DF) susceptibility

250

- j/ﬂ\n
E
S
& 1501
_@ —O— @ with immersion in acid
% 100 + —0— @ after SST
.é_)

50
—
O 1 1 1
0 10 20 30 40

Prior austenite grain diameter (zm)

B9 11y Ko & I et & R
Fig. 9 Relationship between prior austenite grain size and weight
loss

1.0

09+F _
2 08} AK///A‘*—————ﬂ ]
& 07t ]
e 06F _
§ 05 —— (D with electrolytic charging 1
£ 04r —O— (@ with immersion in acid 1
g 03F —+— @ after SST |
= 0
S
o 02r i

ool F——= —a |

0 10 20 30 40

Prior austenite grain diameter (2 m)

E10 [H y Kt & Bk AR & & OB
Fig.10 Relationship between prior austenite grain size and hydrogen
contents

i 20;1m :

K11 FERiZiE TO SSRT % O Wi DS i 5 H
Fig.11 Optical micrograph of cross-section after SSRT with immersion
in acid

Dy=31.9xm

K12 SST T SSRT # O Wi ifii D Fe 5.1
Fig.12 Optical micrograph of cross-section after SSRT with SST

J5, SST ZFhE L 72ikBR@Tid, H y KifEs kX EE
HABEREYE v bR S, 2, Hy KA »E
fir7 7 — N L THEERI Wﬁ@ﬁﬁbtaﬁméh
5, Tbb, X8 DENMIFEZMOERL, HiY
y MERO LR T XIRFE L2 EZ 60, KAEAR
BE T CIH y RifEAVIN SO O BN BEE LIZ< »
EWib, 20X, R FREBERTAD &S AR
BREECTHIO 2 88 2 5Hili 3 51213, ABORQ& 0 &k
KB BOPERL H IR VEHE T b 5 RO »1
LWy,
2.2.2 CCT #IZ SSRT %% =i U /- Sl
0.45C-0.05Si-0.5Mn-0.3Ni-1.0Mo X — 2 & L, Cr &%
0.3, 1.0, 2.0% & U 7= 3 ikt & x4 51 2.2.1 kD 5[5k
RER 21T > 72, 6N MUED A & BN iERZ M
% R L 7=,

R13 i3, EREEEDEVERT ¥ — VR B LUK
JIERTH S CCTIZK D AKREEAL 2ilBAERTH
5, Pk v — VEE, &2 D&M all k- T 0.5ppm
DI AR R 2 & 272, 612, diFHc & 2 KEk

50 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 61 No. 1 (Apr. 2011)



100 T T | T
QFr
80
o ——aA—2A

60 D/D—’—D ]

50 §

40

30

20
10

O 1 1 L 1
0.0 0.5 1.0 1.5 20 25

Cr content (mass%)
E13 Cr & & ENWHERSZ M L OB
Fig.13 Relationship between Cr contents and delayed fracture (DF)

T
1

T
1

DF susceptibility (%)

—— with electrolytic charging
—+ after CCT

T
1

susceptibility
3.0 T T T T 300
25F 1250
2 L» -
£ 20t 1200 §
ﬁ Ny
=]
£ 150 1150 £
~ =
£ 10t D/D//D\ Lo 3
o =
a
0.5F 150
OO 1 1 L L O
0.0 0.5 1.0 15 2.0 2.5

Cr content (mass%)

14 Cr®2ELHEAEY v PES OB
Fig.14 Relationship between Cr contents and depth of corrosion pits

BB > & &L, HRAFEHC K D KFY &K -
7%, SSRTIEIZ & » TENBIERZ M2 FHE L 72, [
M F v — ¥ Tid Cr BIZ & 0 BN M IC 5 5
<, Wk 2 AREREFACTHE I &n b, 221
EFUL, IRABEARZROERIECENEELD
ns,

—7J5 CCT IZ, SST(5%NaCl)8h, frifaiEitEx (35°C,
60%) 16h & 144 2 L& LT 28 %4 Z Ui\, 2Dk
SSRT 1 TR NBHERRSZ M A G-l L 72, BEM T v —
ERBD, Cr'mMEO T BN BIERSZ A S, R
BRI OWrH DOBIZED 5 KD 72ERE v b OIRAE
XL, RIS RZFVERE b 5 HOES IEF
Pt A2 R1412R§, CrRMZBERaY » bz T pH A
KFFaZEenMonTHDY, ZORBRTE Crighsd
WEEERY Y P AR HAICKE T Z 08B bh
2o ThbB,221LEHUL, CrD &S BFERZEIYND
FEED K E VB OFBENTIE, BRI O EREE
TRHli$ 2 Z NG TH S, KABEBECHHEh 5K
U RIBROBAE, ERE v b ORREEIIH ASE
EZMEIRICADITH O, CrafAEA2 Rk 85 Z L1
koT, ThoHBOBENELZIRITE S E 260
%,

P EO=S0fIh 5, Ehikgikz s, AR
ABRBREE ISR & IRTF L, BRI OB (KX
BT 2 A3 RXUS BREERED) CaMiid 5 Z &

IZ&D, W KREDO AL S TISRIZEOFEL 57
FREIDEVFHIIS TE 3 Z EBbh 5, KRR
Biid, BB 2 RN AL S hTn s
BREL (B 21X JASO-CCT &:fh s &) ISR ET S Z LIZk
D, K OFEHBREIOEOCENBIEEHEi A TE S 2B AT
W5,

2.3 EhUEFTMORE

EENPHEFI X U THRI A, BRI, A U 5 KR
B O(RALEEKREE) O SSRT #: 4 W5, &
F RS BB Bk & SSRT ¥ & #l & b 72 51l
, TS DML & IS Lz, LA LAERS,
HIE OFHIAIC W TIE, HEFABREIC Tk 3 % kD
IEMERFEE A REE L HEE L, BRAAIE AR E L —
DT CIIR T 2 M ENH 52, 25 L-FHEE~
FAFICHEN. TE Ty,

X512iE, WThOFHMIiEIZ BT, B hEPEER
JEREY Y MR L E DOKRKMRT 2 UMk TOKRE
IREERKFRZEE) 2 2 U, BN & KR & OB
BAHlid A Z XM ETH B, LrLERS, BURTIE
2V T NEERTORFRE RS AKEZEHOIEIRIC L &
FH5>TW5,

Db &S50, ENBEERHIIC DWW T £ 722 % 220G
OREREIZL N,

E O =TENHIERRAZVE % SRS THGERICEIIi§ 5 Z &
ST RE 2 SSRT i & W 725l & LT, BRAILEE AR
1 D FFAAG SR & K SUE B BREEBR & #LA D 73Rl AS R
BN L, ZRODFETRLEZESIZ, EhpisEic
BAEERERICK S RMBEOERNAE S HELT
B, HHARE TOBNHERE2HEE T 5 720121,
RAKZRRERREZEL T 2@ AEHE T T
FHti¢ 5 Z ENEBEEELZ TS,

WY TIE, SHEKRRELEEEHEBED T L2502
MR iR & =6, bR AU L2 (B 7§l % ]
DI LITkoT, HEHAER A E TOFEMEIOE
RSO ELZITBA TOE 22,

& £ X #®
1) SR BAT AW 25E, Vol.8o, No.5 (2007), p.172.
2) Mt il L AU, Vol.77, No.1 (2006), p.53.
3) KA : Zairyo-to-Kankyo, Vol.58, No.4 (2009), p.130.
4) BURFHIE | HREE R, Vol.14, No.54 (2007), p.121.
5) ZVBEVIEA D k&M, Vol92, No.2 (2006), p.58
6) T MIEA D R&D P BT, Vol.59, No.1(2009), p.54.
7) MEEZ  ARFNEVEOILRE, NHZEE (2008), p.219.
8) W EHIZA ! R&D # g%, Vol.52, No.3 (2002), p.57.
9) MALSE © # L 8, Vol.69, No.8 (1983), p.903.
10) FLAk  EHEA XA, Vol.2000, No.d5 (2000), p.l.
11 #HEIFAED © k&8, Vol.95, No.6 (2009), p.489.
12) HARSIHGS W - S HL b OB R 4 4 F 7
v 2, (2010), p.54.
) B —IZ A | R&D w5, Vol.54, No.3(2004), p.16.
) REFERCEIE A 8L, Vol.88, No.10 (2002), p.26.
15) FBRTEFNEA © &8, Vol.8s, No.12 (2002), p.849.
) RIS A L R&D T SR, Vol.51, No.1 (2001), p.29.

RsD #li= 5154 /Vol. 61 No. 1 (Apr. 2011) 51



WEEE © A - R

FEATURE : Steel Wire Rod and Bar

(i 3C)

SE#E

GEROERERICRIFTOTHARE

E/
EjﬁL

Effect of Strain Rate on Deformation Resistance in Cold Forging Steels
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We conducted compression tests using cold forging steels with a wide range of strain rates. We discovered
that carbon steel which contains dissolved nitrogen shows a distinctive increase in deformation resistance due
to dynamic strain aging when a static load is applied. In addition, we realized that when a high deformation
speed is applied, deformation resistance shows a decrease as the strain rate becomes higher due to limited
dynamic strain aging. Hardness after deformation tends to increase in accordance with the strain rate in carbon
steel with dissolved nitrogen. This phenomenon is due to a higher dislocation density which is stabilized by the
dissolved nitrogen. We also observed a tendency that strain concentrates in the pearlite phase, and confirmed
cementite decomposition along with finer ferrite dislocation cells adjacent to the cementite.
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Fig. 1 Microstructure of samples
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Table 2 Conditions for compression tests

Specimen size ¢ 6X9mm
o 20% (e =0.27)
Compressibility 80% (c=2.23)
Temperature 20—600°C
Strain rates 107°—10%""
Sampling time 100 s
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rate of 10%s~!
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Development Trends of Soft Magnetic Iron

?ﬁﬁﬁ“@m
Dr. Masamichi CHIBA

Driven by advances in electronically controlled parts for automobiles, demands are growing for soft
magnetic steels which can generate a large electromagnetic force with low electric power. New steels with
very low carbon have been developed in consideration of their DC electromagnetic properties, their cold
forgeability, and machinability. In this paper, the recent development trends of soft magnetic steel and the
advantages of our developed steel (ELCH2 series) are described.
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Table 1 Chemical composition of steels used in this study

(mass%)
Steel C Si Mn P S
ELCH2S 0.005 0.004 0.26 0.010 0.025
ELCH2 0.005 0.004 0.25 0.009 0.008
SWRCH10A 0.10 0.04 0.45 0.014 0.009
JIS SUY max. 0.03 | max. 0.20 | max. 0.50 | max. 0.03 | max. 0.03
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Table 2 Magnetic properties of ELCH2 series (Magnetic annealed)

Magnetic field density (T) Coercive
Steel force
B100 | B200 | B300 | B500 | B1000 | B4000 | (A/m)

ELCH2S | 0.90 1.24 1.47 1.54 1.64 1.80 55.7

ELCH2 0.92 1.30 1.50 1.60 1.65 1.81 45.2
SUY-1 | =0.60| =1.10 | =1.20 | 21.30 | =1.45 | =1.60 = 80
SUY-0 | =090| =1.15| =1.25 | 21.35| =145 | =1.60 = 60
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Table 3 Mechanical properties of ELCH2 series

Tensile Young Elongation Reduction
Steel strength modulus area
(MPa) (GPa) (%) (%)
ELCH2 305 208 38.1 90.1
ELCH2S 306 209 36.7 92.8
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Fig.10 Relation between cutting speed and width of flank wear
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Mechanism of Crack Initiation at Non-metallic Inclusion under Rolling

Contact Fatigue in Bearing Steels

N g
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.
TERL*
Takehiro TSUCHIDA  Dr. Eiichi TAMURA

This study aims to clarify the fracture, caused by rolling contact fatigue and initiated from inclusions, in
bearing steel. A rolling contact fatigue test was conducted in thrust mode. Then, FIB-SEM was used to
observe three-dimensionally the fracture surface for the cracks initiated from non-metallic inclusions. This
has clarified the overall picture for the initiation sites and propagation directions of the cracks. Subsequent
stress simulation consistently-elucidates the observation result by assuming that the stress component
which governs the crack initiation is tensile stress rather than shear stress.
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Fig. 9 Estimated direction and location of crack initiation
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Fig.10 Influence of interface condition on tensile and shear strain
range

O ETRE TRAE 5, 2R EHME T
HE 557280, BEHEREE R L0, YEoZ ey
5, RENEI IS B EAREICH T IRERTEL
T, EMIO~ b ) 7 2 L OREOEERI A EET 5
WERH BT EHREESNS, Tk, 1R 5 TE
DERY A XERIKT 5 Z & 29N FFmdGED ¥ x TR
ELTERZEIIXL, #izkfkgtea 5258052
5N5,

CTO=RENZEZHTDH % SUJ2 & vy, dixBhgdy
2B 3 E O & AR EIRDL % FIB—SEM % H
WT 3RS L, ERREME L HAIZDO0nTo
SRR EMSIZ LTz, 72, #SELAMEG L2 %
DIAERB DO O ADERED AT Fik &ML U, 6T
EBISSROR KD, FRREITH L THAMIS T &
DEELAFIRIBOMESKE N & & RET 5H55H
B, X510, XZREIIKHL, ATEMOY A4 X
THL, YV rRe< M) 7 ZRMOEERNEZET
BENDHBHZENWE NI E ST, SR, XHICHTE
PIRE D8 % SIS BET U, 328 & & & 3 B
LIS TR 72 O & #fkfE L T <

IS, RWFZE, MHMEAEBEME Y 2 —
(JRCM) A #i T L F — - B 3L F A A B 78 e
(NEDO) 75 D¥EHELIZ L0 EET 2 [#iitrtio
B v (RS 4 (-5 ke Rl Ry o N I
Sl EFLL, #EEsELET,

2 Z X ®

1) 0 ¥ FF4KaY 2 b, Vold6, No.9 (2001), pp.702-705.

2) 1I#FEIEA © Koyo Engineering Journal, No.166 (2004), pp.24-
28.

3) REFEMEENE 2 IR ERBREAR  Vol.12, No.1 (2005), pp.38-
45.

4) PEARERSE gk, Vol.94, No.l (2008), pp.13-20.

RsD #fi= 8154 /Vol. 61 No. 1 (Apr. 2011) 65



WEEE © A - R

FEATURE : Steel Wire Rod and Bar

(i 3C)

AOACUEERICH T ATithHYOZE

Influence of Ti Precipitate in Carburizing Steel Containing Boron
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The fine TiC precipitates prevent austenite grain coarsening in the carburizing of cold forging gear steel. As
well as the grain coarsening, the precipitates influence the deformation resistance of cold forging due to
precipitation hardening. In this study, the influences of Ti precipitate on the deformation resistance and the
anti-grain coarsening property are evaluated in the carburizing of a steel containing Boron.
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Table 1 Diffusion coefficient forming carbonitride

Element Dlﬁus(lg? /cszif)ﬁaent Precipitation
Al 3.0X107° AIN
Nb 5.6X107" NbCN
Ti 1.5X107° TiC

Deterrent force by a precipitation
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Grain growth force
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Fig. 1 Schema of grain growth and pinning effect
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Table 2 Chemical composition of specimens
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Fig. 5 Deformation resistance of each specimen
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Fig. 6 Grain size of carburized specimen after compressing test
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A carburizing and quenching analysis of a helical gear is carried out with the general-purpose finite element
analysis program, ABAQUS, in which the original user subroutine code of the phase transformation is
implemented. The calculated distortions of the tooth profile and tooth trace agree well with those of the
verification experiments. This shows the validity of the developed simulation model. The calculated results
clarify that the distortion behavior of the gear during the quenching is classified into four stages according to
the start time of martensite transformation in each part of the gear. The influence of the carburized layer on
the distortion behavior during the quenching and the final distortion of the gear is also clarified.
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Table 1 Chemical compositions of test specimens

Chemical composition (wt%)
Symbol "
C Si Mn Cr

SCr420 0.19 0.18 0.79 1.14

A 0.37 0.18 0.82 1.18

B 0.58 0.18 0.82 1.17

C 0.80 0.18 0.82 1.16
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FEATURE : Steel Wire Rod and Bar
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Eeeh,bEYa 0Oy FAE

Low Alloy Steel for Fracture Splitting Connecting Rod

W B5EEY
Akihiro MATSUGASAKO

To reduce V content of the steel for Fracture Splitting Connecting Rod, the effect of Ti addition on the
splitting property was investigated. As a result, it was found that Ti addition effectively reduced the impact
value of the steel. This is thought to be due to the decrease of volume fraction of the ferrite and the
precipitations strengthening of the ferrite. Furthermore, Ti was also found not to have a bad effect on
machinability. Based on these results, a new steel for Fracture Splitting Connecting Rod was developed.
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Fig. 1 Manufacturing process of connecting rods
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Table 1 Chemical compositions of samples (mass%)

Sample C Si Mn P S Cr v Ti

Steel A 0.38 | 0.25 | 1.07 | 0.051 | 0.050 | 0.18 |0.170 | 0.051

Steel B 0.38 | 0.24 | 1.08 | 0.049 | 0.050 | 0.18 | 0.160 | —
Steel C 0.70 | 0.23 | 0.54 | 0.011]0.058 | 0.11 | — -
Steel D 041 | 0.26 | 1.06 | 0.019 | 0.060 | 0.23 | 0.099 | —
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Fig. 2 Fracture splitting test piece
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Fig. 3 Measuring method of hole diameter increase
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Table 2 Chemical compositions of developed steel (jass%)

Sample C Si |Mn| P S Cr | V Ti

Developed steel 0.37 | 0.25 | 1.12 {0.047(0.062| 0.29 {0.106|0.043

Steel A [L]

Steel B

Steel C

Steel D
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steel 1 1 1
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Hole diameter increase (mm)
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Fig. 9 Hole diameter increases
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Strengthening and Functionally Grading Technology by VC Interphase

Precipitation Control
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The strengthening and functionally grading technique for the hot-forging of high V added steel were
investigated. As in the past, it was considered that the effect of a V addition of more than 0.3mass% on
strengthening would result in saturation. But the high precipitation strengthening in high V added steels
could be achieved by the optimum control of cooling, which leads to a ferrite-pearlite microstructure with
fine VC particles formed by interphase precipitation. And the strength of high V added steels could be
suppressed by heating at 900 °C thus preventing the dissolution of vanadium, and dispersing coarse VC
particles. Based on these results, the strengthening and gradient function in one hot-forging part was

achieved by gradient heating and controlled cooling.
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1. & VAMEAICE T 3 EMEL B EER

1.1 ERFZE

BZRRENC K0 S45C Y O8ilic ViRIE 22L& &
7o AT OGRS (K1:V R/, K2:0.1mass%, K3:
0.3mass% , K4 :0.5mass%) Z{E#IL 7=, F 1 (24 HifH
DAL & v $ . MR AT H 25 E) & HI 3 2 B iR 2
5, Witz mEL - &G L 72, BUVOLETI S LR TR
WYy -ty 224 =7 (LT, ML7x—v28L
VW9) A2, 900~1,250°C THIEL L T 600s 4% L 72
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v — 2 E (W 10kgl) 20z, &k, HEDOH
X, o H— 20X [HV] 2351585 X TS [kef/mm?]
D 3% (OF b TS[MPal? 0.306 i) , &R (=0.2%
fit 13 /TS) #30.8 LARGE L T, @i i 383HV (= 1,000
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0.8 X 0.306) LA FIZEE L 72,

B U -5 ORHE BRI RS B, A 4 — LB R A i
U, P ue CHMBIR 217> 72, 72, M VS

F1 GO b2 5y

Table 1 Chemical compositions of specimens investigated

(mass%)

steel C Si Mn P S Al \4 N
K1 0.44 0.25 0.86 | 0.016 | 0.015 | 0.031 | 0.00 |0.0036
K2 0.44 0.26 0.86 | 0.015 | 0.015 | 0.030 | 0.10 |0.0036
K3 0.46 0.25 0.85 | 0.015 | 0.017 | 0.031 | 0.30 |0.0042
K4 0.45 0.25 0.85 | 0.015 | 0.016 | 0.033 | 0.50 |0.0046
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Fig. 1 Effects of V content and cooling rate on hardness of V added
steels

X 2 1100CJJ[1%M£ (4)0.5C/s, (11 2.0°C/s Téfm H Lt( )
0V, (b)0.1V, (c) 0.3V, (d) 0.5V FR IS DY 2R SHrL R

Fig. 2 Optical micrographs of (a)0V, (b)0.1V, (c)0.3V, (d)0.5V steels
cooled at (-))0.5°C/s, (-ii)2.0°C/s after heating at 1,100°C

2 % >
3 1,100°Ch#EF%1Z (a)0.5°C/s, (b)2.0°C/s THifuimAI L 72 0.5V
WOGE 7274 PBLKVED) /S —=F4 B LLIERAS T A
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Fig. 3 TEM micrographs of (d)ferrite, (-i)pearlite or bainite in
0.5V steels cooled at (a)0.5°C/s, (b)2.0°C/s after heating at
1,100°C
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Table 2 Comparison between experimental hardening and calculated value of precipitation strengthening by 0.5%V addition

Hardness Hardening by 0.5%V addition Precipitation strengthening
(HV) (Experimental) (Calculated)
Cooli t 0.2%PS*
ooling rate K4 K1 Hardness 0.295PS* (MPa)
(0.5%V) (V free) (HV) (Equivalent) - -
Ferrite Pearlite
0.5°C 383 206 177 463
1C 409 223 186 486 503 361
*[0.2%PS (MPa) ] =[Hardness (HV)]/3 X 9.8 X 0.8
550 T T )
—B— K405V 1,250C
é 500+ —o— K405V~ 1,100C
—A— KA(Q5V)-900C
- 4501 % K10.1V)—1,100C
£ 400t ?)‘Eéiigif‘n‘t;znﬁi"g““ .
.E’ 350 r Matensite B
12
% 300} R -8 .
= o50L | 6 (a)1,250°C, (b)1,100°C, (c)900°C T Dﬂﬁf& 0.5 C/ST wHL
3 7z 0.5V§il D TEM A
200 e R ) e Fig. 6 TEM micrographs of 0.5V steel(K4)cooled at 0.5°C/s after
0.1 1.0 10.0 100.0

Cooling rate (°C/s)

4 0.5V DR X 12 KT IIEGESE DRz 2E
Fig. 4 Effects of heating temperatures on hardness of 0.5V steels

5 (a)1,250°C, (b)1,100°C, (c)900°C THI#LH% 0.5°C/s THHIL
72 0.5VE O ST ik

Fig. 5 Optical micrographs of 0.5V steel cooled at 0.5°C/s after
heating at (a)1,250°C, (b)1,100°C and (c)900°C

heating at (a)1,250°C, (b)1,100°C and (c)900°C

()

7 (a)1,250°C, (b) 1,100°C c)900 CT600s MI#Lt2, KL 7=
0.5Vl TEM #lfik

Fig. 7 TEM micrographs of K4(0.5V) specimens quenched after
heating at (a)1,250°C, (b)1,100°C and (c)900°C for 600s
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Fig. 8 Surface temperature distribution of inclined heated specimen
before extrusion
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Fig. 9 0.2%PS and TS distribution in 0.5V steel extruded after
inclined heating
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Fig.10 Optical() and TEM(-i) micrographs in (a)the upper side
(heated at high temperature) and (b)the lower side (heated
at low temperature) of the 0.5V steel extruded after inclined
heating
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(i 3C)

YIEIY R 2L —2 3 Hf

Cutting Simulation of Wire and Rod
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This study presents a practical technique to predict tool wear considering cutting conditions and work-piece
components. The proposed model is developed for automation of production processes, optimization of
cutting conditions, development of new work-piece materials, etc. The model consists of tool temperature
analysis and tool wear prediction. The tool temperature is simulated by FEM analysis, and then the tool wear
is predicted by utilizing the simulated temperature. The tool wear prediction model has a few constants
which need to be identified for each set of tool and work-piece materials. The constants are identified and the
material properties are measured for a steel work-piece and a carbide tool, and the system is verified by

some experiments in the present research.
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Table 1 Cutting conditions
50, 100, 150, 200, 250m/min
0.25mm/rev
Depth of cut 1.5mm

Cutting speed
Feed rate

2 WX WESRMSE

Table 2 Conditions for hardness measurements

Test tempareture RT, 300, 600, 700, 800°C
Test load 9.8N

Atmosphere Vacuum (3.0X107° torr)
Loading time 30s

Heating rate 0.333°C/s

Hold time 300s

5 3 UMD i A 1F

Table 3 Conditions for analysis of cutting temperature

Rake angle -5

Relief angle 5

Radius of cutting edge roundness 0.0lmm
Thermal conductivity of workpiece 45W/m-C
Specific heat of workpiece 460]/kg-C
Density of workpiece 7,900kg/m’
Cutting length 10mm
Friction coefficient 0.5
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Fig. 7 Comparison between calculated and measured flank wear
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Table 4 Cutting conditions for temperature simulation

20, 50, 100, 150, 200, 250, 300m/min

Cutting speed

Feed rate 0.10, 0.25, 0.40mm/rev
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Fig. 9 Relationship between cutting conditions and cutting
temperature (S45C)
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Table 5 Cutting conditions

No.l | No.2 | No.3 | Nod4 | No.5 | No.6
Cutting speed (m/min)| 100 350 200 200 170 140

Feed rate (mm/rev) | 0.25 0.25 0.05 0.35 0.35 0.40

Depth of cut (mm) 1.5 1.5 1.5 1.5 1.5 1.5

Tool material P10 P10 P10 P10 P10 P10

Workpiece material |S45CS1|S45CS1|S45CS1|S45CS1|S45CS1|S45CS1
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Production Technology of Wire Rod for High Tensile Strength Steel Cord

fRERFZ
Kazuhiko KIRIHARA

The wire rod for steel cord is designed for high tensile purposes, and this results in a reduction of the tire
weight. For several years, such steel cord has also been used as saw wire to cut silicon ingots. The saw wire
is more highly tensile and has a smaller diameter. Therefore, an appropriate wire rod is required for
manufacturing such saw wire. This report describes the technology to control non-metallic inclusion and
superior draw ability wire rod needed for manufacturing the high strength wire used for steel cord and saw

wire.
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Fig. 2 Trend of high tensile strength of tire cord
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History of Development of Secondary Processing Technology

LLIAR TR
Shigehiro YAMANE

The second processing technology development of our wire rod has advanced along with the development of
steel materials. Second processing is essential to the manufacturing of various parts from steel wire rod, and
in this paper, the history of development of secondary processing technology is reviewed and future
prospects are considered.
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Behavior of CaO Containing Inclusions during Ladle Refining of Ultraclean
Bearing Steel

ol T D o

kEE%E“ (o) ARRHER =t F*2 HATTELRE "
Dr. Hiroki OHTA Dr. Sei KIMURA ~ Tsuyoshi MIMURA  Hiroaki MATSUMOTO

This study aims to clarify the behavior of inclusions containing CaO, the inclusions which can adversely
affect the fatigue life of bearing steel. Focus was placed on the behavior of the CaO containing inclusions
during ladle furnace (LF) treatment. A tracer element was added to the top slag prior to the LF treatment to
identify the origin of the inclusions. As a result, the main origin of the CaO element in the inclusions is LF
top slag entrapped during gas stirring, and this is confirmed by the formation Kinetics of the inclusions. The
quality of ultrafine bearing steel was improved by applying countermeasures to suppress slag entrapment.
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Fig. 4 Origin of CaO containing inclusions in billet sample
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Business ltems

Iron & Steel Business

Iron and Steel Products : Wire rods, Bars, Plates, Hot-rolled sheets, Cold-rolled sheets, Electrogalvanized sheets,
Hot dip galvanized sheets, Painted sheets, Deformed bars, Pig iron

Steel Castings and forgings : Marine parts (Crankshafts, Engine parts, Shafts, Ship hull parts), Industrial
machinery parts (Forgings for molds, Rolls, Bridge parts, Pressure vessels)

Titanium Products : Parts for jet engines and airframes (Forgings, Ring rolling products), Coils, Sheets, Foils,
Plates, Wire rods, Welded tubes, Titanium alloys for high strength applications, corrosion
resistant applications and cold forging applications, Titanium alloys for motorbikes and
automobiles exhaust systems, golf club heads, architecture and medical appliances

Steel Powders : Atomized steel powders for Sintered parts, Soft magnetic components, Soil and ground water
remediation, Handwarmers, Deoxidizers, Metal injection moldings

Independent Power Producer : Wholesale power supply

Welding Business

Welding Consumables : Covered welding electrodes, flux-cored and solid welding wire for semi-automatic welding,
solid wire and fluxes for submerged arc welding, TIG welding rods, backing materials

Welding Systems : Robot systems for welding steel columns, welding robot systems for construction machine,
offline teaching systems, other welding robots, power sources

High Functional Materials : Filters for deodorization, dehumidification, ozone decomposition, toxic gas absorption,
and oil mist elimination; equipments for deodorization, dehumidification

General : Testing, analysis, inspection, and commissioned research; educational guidance; consulting;
maintenance and inspection of industrial robots, power sources, and machinery

Aluminum & Copper Business
Aluminum and Aluminum Alloy Products : Sheets, strips, plates, foils, shapes, bars, tubes, forgings, castings
Aluminum Secondary Products : Blank and substrates for computer memory disks, pre-coated materials
Aluminum Fabricated Products : Construction materials, electronics and OA equipment drums, automotive parts,

heat exchanger parts, chamber, electrode parts

Copper and Copper Alloys : Sheets, strips, tubes, pipes
Copper Secondary Products : Conductivity pipes, inner grooved tubes for air conditioners, Lead frames
Magnesium castings : Sand mold castings

Machinery Business

Tire and Rubber Machinery : Batch mixers, twin-screw extruders, tire curing presses, tire testing machines ,tire &
rubber plant

Plastic Process Machinery : Large-capacity mixing / pelletizing systems, compounding units, twin-screw extruders,
optical fiber processing equipment, wire-coating equipment, injection-molding machines

Advanced Products : Surface modification system (AIP, UBMS), inspection and analysis systems (high-resolution
RBS system)

Compressor : Screw compressors, centrifugal compressors, reciprocating compressors, refrigeration
compressors, heat pomp, radial turbine, standard compressors, micro steam energy generator

Material Forming Machinery : Bar & wire rod rolling mills, blooming & billeting mills, strip rolling mills,
automatic flatness control systems, continuous casting equipment, hot isostatic presses, cold
isostatic presses, various high pressure machinery, metal press machines

Energy : Aluminum brazed plate fin heat exchanger(ALEX), LNG vaporizers(Open rack vaporizers,
Intermediate fluid vaporizer, Hot water vaporizer, Cold water vaporizer, Air-fin vaporizer),
Pressure vessels, Aerospace ground testing equipment,

Natural Resources & Engineering Business
Coal and Energy : Upgraded brown coal, Hyper-coal(ash-free coal), High strength coke, Coal liquefaction,

Heavy-oil hydrocracking
New Iron : Direct reduction plants, Steel mill waste processing plants, Iron ore beneficiation plants,
Nuclear-CWD : Nuclear plants(radioactive waste processing/disposal), Advanced nuclear equipment, Spent
fuel storage and transport packaging, Power reactor/Reprocessing plant components, Fuel
channels

Chemical weapon destruction(Consulting, search and recovery, Transportation, Storage,
Chemical analysis, Monitoring, Safety management, CWD plant construction and operation),
Detoxification of soil and other materials contaminated with chemical agents, Destruction of
explosive ordnance and persistent toxic substances

Construction Sabo and disaster prevention products : Steel grid sabo dams, Flaring shaped seawalls, Cable
construction work, Acoustic & vibration absorption systems

Advanced Urban Transit Systems : Automated guideway transit AGT, SKYRAIL, Guideway Bus, Platform screen
door (PSD), Wireless monitoring, KOBELCO Automatic Train Control System, Floating
conveyer system

Urban Information Systems : Environment monitoring systems, environment information systems
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