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-CD-adapco CO. , LTD. -Mizuho Information & Research Institute
-Center for Research on Innovative Simulation Software, *NUMECA Japan CO. , LTD.
Institute of Industrial Science, The University of Tokyo *OHTE GIKEN,INC.
- Daiichi System Engineering CO. , LTD. *PHOTRON LIMITED.
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-ENGINEER DESIGN LAB -Siemens K. K.
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-KANOMAX JAPAN INC. -WASEDA UNIVERSITY

-Library CO. , LTD.
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*DMW Corporation

-EAML Engineering CO., LTD.

-EBARA CORPORATION
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- Hitachi Mitsubishi Hydro Corporation -MITSUBISHI HITACHI POWER SYSTEMS,LTD
-Hitachi, Ltd., Industrial Products Company -Mitsuya Fan Mfg CO. , LTD.

+|HI Compressor and Machinery CO. , LTD. *NIKKISO CO. , LTD.

+IHI Corporation +OSAKA UNIVERSITY

+IH! Inspection & Instrumentation CO. , LTD. -SHIN NIPPON MACHINERY CO. , LTD.

+IHI Turbo CO. , LTD. -Software Cradle CO. , LTD.

-KINKI METAL CO. , LTD. -TANAKA HYDROPOWER CO. , LTD.

+KOBE STEEL, LTD. *TATSUNO CORPORATION

-KYOWA ELECTRONIC INSTRUMENTS CO. , LTD. *TORISHIMA PUMP MFG CO. , LTD.

-MATSUI Corporation - Toshiba Corporation Power Systems Company
-Mitsubishi Heavy Industries Compressor Corporation -YONAGO STEEL CO. , LTD.
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_Technical Program

7th September (Monday)
Time
Registration (15:00-19:00)
at Rhiga Royal Hotel Tokyo
18:00{ 20:00 Welcome reception (Rhiga Royal Hotel Tokyo)
8th September (Tuesday)
Time
Registration (9:00-17:00)
9:30| 9:50 Opening celemony (Lecture hall)
0:50|10:35 Plenary lecture 1 <Prof. Baek, Je Hyun (Republic of Korea)> (Lecture hall)
10:35]11:20| Invited lecture 1 <Prof. Avellan, Francois (EPFL, Switzerland)> (Lecture hall)
11:20]12:50 Lunch break
Room A Room B Room C Room D Room E
12:50] 14:50 0501 0512 0S09-1 0S514-1 0513-1
AICFM13-006 | AICFM13-037 | AICFM13-063
AICFM13-010 | AICFM13-175 | AICFM13-064
AICEM13-022 | AICFM13-193 | AICFM13-066
AICFM13-160 | AICFM13-194 | AICFM13-070
120 minutes AICFM13-154 | AICFM13-205 | AICFM13-125
14:50| 15:20 Break
Room C Room D Room E
. AICEM13-142 | AICFM13-209 | AICFMI13-003
AICEM13-007 | AICFM13-210 | AICFM13-004
AICFM13-046 | AICFM13-217 | AICEM13-096
16:40( 16:50 Break
Room A Room B Room C Room D Room E
16:50{17:50, 0Q507-2 0504-2 0509-3 0514-3
AICFM13-137 AICFM13-124 | AICFM13-034
60 minutes | 2] AICFM13-174 | AICFM13-130
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9th September (Wednesday)

Time
Registration (9:00-17:00)
9:30 (10:15 Plenary lecture 2 <Prof. Zhang, Yangjun (China) > (Lecture hall)
10:15|11:00 Invited lecture 2 <Prof, Dri-Iing. Bohn, Dieter (RWTH Aachen, Germany)> (Lecture hall)
11:00(11:20 Break
Room A Room B Room C Room D Room E Lecture hall
80 minutes
12:40|14:10
14:10(15:50
100 minutes

15:50(16:10

Break

16:10(16:55

Plenary lecture 3 <Dr. Goto, Akira (Japan)> (Lecture hall)

16:55/17:40

Invited lecture 3 <Prof. Katz, Joseph (Johns Hopkins Univ., USA)> (Lecture hall)

19:00(21:00

Banquet (Rhige Royal Hotel Tokyo)
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10th September (Thursday)

Time

Registration (9:00-16:00)

Room A Room B Room C Room D Room E
AICEM13-004
AICFM13-164
AICFM13-222
80 minutes | AICFM13-224
10:50{11:10
Room A Room B Room C Room D Room E
AICFM13-029 | AICFM13-056 | AICFM13-027
AICFM13-030 | AICFM13-115 | AICFM13-105
AICFM13-143 | AICFM13-123 | AICFM13-186
12:30]13:50 Lunch break
Room A Room B Room C Room D Room E
15:30|15:50 Break
Room A Room B Room C Room D Room E
15:50]16:50, 0S06-2 0509-10 GS-1 GS-2 GS-3
AICFM13-122 | AICFM13-054 | AICFM13-014 CFM13-072
AICFM13-168 | AICFM13-149 | AICFM13-184 | AICFM13-078
60 minutes AICFM13-152 | AICEM13-185 | AICFM13-189 | AICFM13-171
16:50|17:00 Break
17:00(17:20 Closing celemony (Lecture hall)

0S 1: Measurements and Experimental Fluid Dynamics

0S 2: Computational Fluid Dynamics on Turbomachinery

05 9: Pumps and Hydroturbines

05 13: Organic Rankine Cycle Generation

nery | OS 14: Ocean Energy Machinery and Systems
GS: General Session
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Experimental and Numerical
Investigation of a 150 kW
Horizontal-axis Wind Turbine

Yan-Ting Lin*
Wei-Nian Su, Chin-Cheng Huang

Mechanical and System Engineering Program
Institute of Nuclear Energy Research

THE 13th Asian International Conference on FLUID MACHINERY,2015(AICFM13).

7th-10th September 2015.
{2 ]

—— Outline
INTRODUCTION
THEORETICAL MODEL
BLADE DESIGN
RESULTS AND DISCUSSION
»  Numerical results of power coefficie

»  Comparisons between CFD and Mea
»  CONCLUSIONS
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SMALL WIND TURBINE DESIGN EVALUATION LAB

Accuracy / Cost

Introduction
Typical Application:

Design validation,
optimization
& certification

State-of-the-art
Aero-servo-hydro-elastic
coupled analysis

Pre-design &

Red li S >
educed nonlinear Op timization

coupled models

Frequency domain
methods

Efficiency / Speed .

Fig D. Matha, Universiy of Sutigant SWE
-+

Sem ==
led / de- led N Smpirical megres
couple e-coupile s {Mo,,,(,")

++CFD / BEM / Empirical method

~ ++INER-P150Il (150kW Horizontal axis wind turbine)

<é +Aim to investigate the 150kW HAWT aerodynamics via CFD

ST INER-P150M

150kW Horizontal axis wind turbine
> 20052006 > > 2007~2008 > > 2009~2010 > > 2011~2012 > >2013~2014 >

150 kW HAWT -1st 150 kW HAWT -2nd

ZA
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SMALL WIND TURBINE DESIGN EVALUATION LAB

INER-PI501I1

Horizontal axis wind turbine

SMALL WIND TURBINE DESION EVALUATION LAB

Class-lIA, R = 11.4 m, Solidity = 6.7%, TSR¢p max= 6

GL1-€9X4d

GS1-€9X4d

0-€100VOVN

YV ¥ ¥'Y

Design parameters

INER-P150Il specification

Standard IEC 61400-1
IEC class Class-1A
Blade number 3
Turbine type Up-wind
Rated output power 150 kW
Hub height 50m
Tower type Frame
Cut-in speed 3m/s
Rated speed 12m/s
Cut-out speed 25m/s
Rated RPM 45-50 RPM

Active control: 5° ~ 85°
Active control: +180°
22.8m
1:20
induction generator

Pitch angle control
Yaw angle control

Blade design

LEL-€9Xd

Airfoil
Chord length
Twist

Span

{
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WIND TURBINE DESIGN EVALUATION LAB

RANS-based turbulent model

ap - dpk <
E+V-(pV)=0. 0L+V-(ka)=V[(pL+‘;—:)Vk]+Pk—pe.r

dpe - Ur
v . v (o =v[( +—)vl
£7p—+v-(pvv)=—Vp+v R L Sl

at £
+ % (Cer Py + C2Py)-

TSR

TSR=2(63 66rpm)

TSR=2(63 66rpm)

TSR=2(63 86rpm)

TSR=2(63 66rpm)

TSR=2(63 66rpm)

Standard k-2 Realizable k-¢

SMALL WIND TURSINE DESIGN EVALUATION LAB

Blade design -AoA

m  Aerodynamic coefficients
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Output Power (kW)

n
o

SMALL WIND TURBINE DESIGN EVALUATION LAB

Geometric

S/

SMALL WIND TURBINE DESIGN EVALUATION LAB

Dependence of mean output power on RPM v it
various inlet velocities on pitch angle of 30

T T T T T T T T
CFD Simulations
Pitch 30°

—
R — c——
- ———— V=08 m/s

——a—— V=06 m/s
- —={}-= MPPT

V=10 mis

5
o

V=12 mis -

Velocity in Stn Frame
Isosurface 1

4.019e+001

3.035e+001

)

1.065e+001

8.019e-001
[m s?-1)
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Dependence of mean output power on RPM wit
various inlet velocities on pitch angle of 15 & 5
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Comparisons between numerical results and
experimental measurements on the output power
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Conclusions

* Realizable k-¢ turbulence model
* Wind speed measurements from anemometer

+ Starting torque/resistance

* Operating strategy of inverter in low wind speed

* Future works

=2 LiDAR
=» Noise reduction /modified blade/ SCADA

5

SMALL WIND TURBINE DESIGN EVALUATION LAB

Thank You for Your Attention !

We gratefully acknowledge the financial
support given by Institute of Nuclear
Energy Research for this ongoing
research.
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Welcome to the Electric Power Historical Museum

The supply of electric power in Japan started in Nihonbashi, Tokyo in 1887
This was Just live years after Thomas Alva Edison launched an electricity
supply business in Landon and New York
The orlgin of the Japanese electric power industry les in the plonesring spieit
{ those private citizons who Invested thelr own money [n facilities and
prent. cultivated the market, and developed technology an thelr awn In
v, at a time when the major industries were under state control
s 1 20-year history 15 thanks to the wisdom and
who were strongly committed to supplying
tomer

pirit of power production from generation 10

our Ele ¢ Power Historical Museum.
ses numerous objects of historical value such as the sarly
which were carefully maintained by utility personnel in
rder to provide power over many decades.

We sincorely hope that these powerful exhibits will convey the devotion and

duuntless spirit of our predecessors

Diroctor, Electric Power Histrical Museum
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without the discovery

Entrance 3. A Prologue to Japanese Electric History

~—Historical Background

regresented the briiance of Jepan's westemation. drnging pecole:
arc lamps were rot sUlCiently STTBCove 10 replace the gas INMDS tat Srevaded in)

A Thomson's Clased Arc Lamp

1. Orientation Hall

The 120-year History of
Electricity ana Society




The Day When Electrlclty
Was Delivered to
Japanese Households
for the First Time

F

4. Birth and Expansion of the Power Grid with 5. The Development of Hydroelectric Power Generation
Thermal Power Generation (rom e - period) and Long-distance Power Transmission (rm o i w

Historical Background
THho Japoness slecine power industry in it infancy started oul with a combination of amall sleam engines
and generators. In 1882, Thomas Alva Edison commance:
1he fiest ime in the world Only five years iater in 1887 the o
Latar on. as (he convenience of electric ighting ana the u
demand for electricity Increased and. to ment it the electric
oxpanaion of the power grid was supporied by the developmer
m Wrbine copable of generating large am: leity effici
power tranamission system An atteenating c
distances, paving the way for the age of hydre

Historical Background
turbines were first unad to produce electncity. (n the early days. small
od 1o supply electncity ely fo nearby locatons. but in subsecuent yaars, ligee
tructed and alternating-cutrent long distance power transmission
kg it posaible to distribute electricity from remate power stations. Distant hydroeleetric
awer nources were daveloped rapidly. and thun the range of powsr supgly, which had besn ioealized:
substantially 1n 1912 the oulput of hydroslectric power plants exceeded that of thermal power
yoar. electric ights came on (n simast ail households in the ity of Tekyo,

A power supply In New York and | ' h t

of 4 power generalion syst o

1y anc
y

il aystem tial 16 Itahamit

ctric power
CIic The Tutbine Ges
Iaed at the Shinanogaws
ywor Btation

The Edison Direct The Delaplaine Collection The Thres-phase AC
Currant Gonerator | Generator Manufact y
Ishihawajima Mig. Co

b g o v 91 YA,

The Power Transmission Log K.m -1 |M The Turbine Generator Used at the Ninko Oallehl
shi Mydroelactric Pows:

it s Dok et 31T 4 0
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- Historical Background A Synshronons Rolidng Sn o
11y oroe 1o meed the growth i electricity demand associated with Japan's economic development Used at "\n A ahi Substation
hydroslectric power stations were constructed in mountainous pans of the country. connected by

fong-aatance powar Iransmission 1o urban cilricts whete the power wan consumed Thus a radially

apreading wide-area power grid wan created. The large-acale elnctricity-carrying network was supported

by power s woll an technologins such s transfocmen and

Wﬂ m.\-u This period. which began with economsc reconstruction in the aftarmath of the ¢
koen o amang olactoe power companies and (r

nationalization of 1he Japanese elsctic power Industry dufing World War Il

Utility Manhole Covers

Ireat

Transmission Yowsr Used |n the The Steel Towar In the Kinugaws A Spocialhigh-voltay
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Electricity Created
a New Lifestyle
and Culture

In this
| Betivean the Melji period and the early Showa period. power distribution technciogies and technologies
' for sing oloctricity safely made great progress. The Taisho era saw the growing populanty of Westem
| culiure In Japan, refiecting the modemésm of the Taizho era. Household electncal apolances beca

widoly used. Bsfore the World War |, radio enjoyed exceptional popularity. and afer the war. demand
- atirged for electric washing machines and refrigerators This section traces the eyolution of techno
use slectricity that have supported people’s lives, the development of industry and the urban eavir
since the Meiji period. as well 83 of power distribution technologies that have been used to minimaze
‘outage time and use lectncity safely.

Radios Before the World War Il “Three Holy Durables
| " —~

Maintenance Tools for
Power Distribution

-4

AUIDTUTC Dawes Sstibution trcheeity
eyrlaged t0 minieE the diration of srace pon
g Dueages aed reduce the number s
Wikcing by outages The eftorts ied 60 vatkous Mechnekog ca
Inidvationd, such 2k & fimieg Lt lacation sywems and
el

yeriches Shoor 1N wily Sowes (uprd VATOUT

manIAnance 1067 have bee IiTtdaced
e usad 1 grdes (D ensuee safer and nBte

*hcunt mante ance coenInt.

Power Stations
Become Larger to Meet
Rapidly Increasing
Electricity Demand

9. Large-capacity and High-efficiency
Power Stations (e high sconomic growth period after the World Wor 11|

Historical Background
A3 Japan's econamy fecovered from the Bshes of war. electricity demand grew rapidy and to meot the
demand, large advanced tharmal powsr plants were canstructed one after another Nevertheless, the
Japanese aleciric power industry wa compalled initially 10 import the latest technologies from foreign
countries to for copabilty caused by the war. In subsequont years
power demand increasen continued and, in place of hydroelsctric power atations (nvolving difficult siling
consirsints, iharmal power stations having a Inrge capacity and shofter construc tion panod b
the mainatay of pawer supply. Large capacity 1o maet growing demnnd, and enhanced eficie
valuable anetgy retources wisefy wore two of the major challenges for the Japanese alectrie ¢
Industry during this perod

!
:
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In this section-
In 1887, Tokyo Electric Light began Japan's first electric power supply with @ simple.
small g and lines. Since that time the power 0
continuously delivered electricity efficiently without & break. has been entirely changed ans
line with the davelopment of society. This section reviews the history of tha power network
tochnaologles that have suppored it

» Kojlmachi Electric Light Station Protective Relays

1 1he et iz Ag Al reiny
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e
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10. The Promotion of Power Source Diversification and
a Best Generating Mix (v i grom

Historical Background
In ine 19703, the environmant surrounding the Japanese eleciric powar indust 4
changes such as the two oll crites and worsening air poliution. In addition, problems sush. c
demand In summer due 1o the of ol oo = ‘g_w}
Japanese electnc power compunies, breaking away from the supply .mmm &
dependance on imparted oll, worked to diversify power sources such as by urning to G.fired
snd pumped slorsge powsr plants. Thay aiso worked 1o reate & best generating mi that co
meet changas 0 the international resources situation and in oleciricity demand while utiizing
agvan! ¢ anch power soutes. | ordar to meel ever-incresting powsr demand after the'
extra-high voltage power transmission and were
higher-volt rgor power network and secure greater reliability

Japan's First } Various Types of Hurner

de
Gas Turbine | Genaratlon
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‘The History of Energy Ente T
Nuclear Power Technology ‘rakes the Global Lead.

ection
pawaer now plays A key 1ok (0 supplying 4 bane load as the firat non-foasil fual that can be

1 wtoadily, In 1963 Japan's firat nuckrar power plant sfully enteted Into sevice, SINCO when

A1 powor plants have been constructed one after anotner. By 2008. o tot! of 53 nucienr pawer plants

s combined capacity of 48,200,000 KW wate in operation in Japon. accounting for nearly 30 percant
a. nation's power supply Nutlear power operators In Japan, a country thit sufers from frequant

q , have boal promoting the dovelopment af nuclenr power generatian mming to eatablish safe |

s and stablo operations The sahancement of fellabiliy hos been a key focus

 Chicago Plle 1 (CP-1) Graphite Modarator An Initial Criticality Output Chart of JAERI's
First Research Reactor JRR-Y
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State-of-the-Art Manufacturing Technologies and Prq duct Technologies Supported by a 100 Year History

East Japan Works (Keihin), JFE Steel ;
The Keihin district-a “waterfront” area coming under .
the spotlight as a new possibility for Tokyo. i
Ohgishima, a huge artificial island /4
located on the sea, is the center T
of the East Japan Works in the Keihin

|
1

district. v v

Various steel products are manufactured here,

Central office

Tsurumi Tsubasa Bridge

supporting today’s society.

With cutting-edge equipment and a rational straight- _______ e fealerial
line layout from the arrival of raw materials to berths
shipment,

itis an “eco-steel mill” of the 21st century with lush
greenery that is friendly to people and the
environment.

Forge welded pipe | |
Small-giameter

Large-diameter
electrc welded pige

-STTITE.
— =]
Manufacturing Process of the Keihin District
T = g 5 M Piate rolling
in which State-of-the-Art Manufacturing Wiy st s are manuacrd.
£ 2 ‘Stesl plates are manutactured by Japan's largest mA, wich can
Technologies Take an Active Part e
Caoling tme 103 complicatad way. Sicel plate
M Raw material treatment I Continuous casting
Raw materials are burnt to sintered ores and Melted steel Molten steel is cooled !
es. /l and solidified in cooling moulds, N Hot ml“““
iron is mada from iron ores, imestone and oaal. icn ores are mbad withdrawn continuously, and then SI:IM lr:“ nnllnnumd by a mill and made into
estone before beig put 4o 2 blast fumace. They are i various steel sheets. 3
o it o s o 5 e i cul down into sem finished ! o
‘serves as & reduceg agent. i1 2 coke oren. products. St o1 rwice,
Molten stoe s continuoushy pored into a mold 1o i 8 %
el dn:n.lr: ﬂiw&lt oy ::,;‘“ at-rolied coil The finishing mil in the Keihin disirict aims to improve qualty
contacting with chillrg mould is solid while the Hot-rolled steel sbaetband steel
insxd is 8. sty withdraum from the
bettom of the mouid. At the down stream of the
continuoss casting machine, whers # portion of l
stoet 15 506C, cutteg machine s instabid.
10 cutdown o 5% and e with 3
prescribed lengin for respactive i
e I Cold rolling &
Thinner and more beautiful steel .,
sheets are manufactured.
‘Shets producec by hot faling are evenly sxtended
thirvsee by 2 mil alnorral tomperatures o manuacture. 7
gh-preciion stel sheet. J
o Gold-robed steal shestbarc steet
W Pig iron making W Steelmaking W High-performance sheet
Pig iron is made in a blast furnace, which is the Hard, fragile “pig iron” is converted into strong, High P!
symbol of a steel mill. flexible “steel.” D valae:added shoets arg
i Pig iron is "ard and fragie, 50 it careot be processed as it is. Therelore. manufactured.
above Itis remade o steal, wiich is asky processed and strong, through mﬂ;xﬁ-ﬁuwﬂ:m
from lver pat of 1200 hotair & biowas i 2 i matots o o
OXyn 1o melt iron ores. I the blast !v‘!:\”u :nwmui (slag) i ron Kein distict. the “Japanzse Thomas steaimaking process” was. Wm’x‘f%uw.:uﬂmmr
, A 5 Sshcon: sheet (€ ). /
Tha s cobectad. gurchise ron Damag n ermany and gt i apestion T isanutcurd by the CVD {chemica s deposin) mahod. it
compper 5 cegitad it ecerie g signifcan oae 1 rexsng il
Jpan E | |
i
} M Surface treatment !
B Sheets are plated for protection from rust.
L =) “The swtace of cokd-rolled stesi sheet i galvanizns
This treatment creates surtace-reated steel
shests, wch are resistant to rust and easily.
painted of printed o2,
By applyeg faking finich, coicefal stee sheets are schieved. ‘ s g staed shal
W Welded steel pipe &
Steel sheets are welded to manufacture pipes. -
D Wekde steopioes ars mamactreaby i speil
technologies. such 25 an eiectri resistanca welding process and W
o \
Weided sies! pipe
6 7
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Mysterious Time when the Quality of Steel is Decided

iron
king

The mission of a biast furnace is to
continue supplying stable-quality
pig iron. The latest computer
technology is introduced to
permanently conduct stable
operations. Pig iron is produced in
acutting-edge blast fumace where
excellent control technologies are
concentrated

The Keinin district aims to recycle
waste plastic, and the world's first
integrated system to sort out,
crush and graduate iaste plastic
and use it as blast fumace feed can
be found there.

Blast furnace

Converter

Steel ma

Moiten pig iron transferred from blast fumace is
charged into a converter, and is refined by pure
‘axygen blowing for the control of the carbon
content and removal of impurities. This process
converts pig fron into steel with controlled
composition for respective purposes, and supply
moltan steel fo continuous casting machine, The
Kelhin district adopts and innovative “zero siag
steeimaking process,” which realizes significant
rationalization and quaity improvement by
diffecentiating the process of removing
impurities and nulling the amount of slag
generated in dephosphorization in the converter.

ntinuous
sting

Molten steel of which ingredients
were adjusted to fit specific
purposes s transferred o a
continuous-casting machine. It is
infused from a container called
tundish into a mold, continuously
drawn out while being hardened,
cut into a prescribed length, made
into semi-finished products such
as slabs and billets, and
transferred to each rolling

process, Continbous-casting machine

Manufacturing Higher Value-Added
Products by Concentrating Excellent Technologies

Cold-rolied steel sheets are manufactured by washing hot-rolled steel sheets with acid
and removing oxide on the surface, and then extending them thinner in a mil at
nermal temperatures. “Cold™ means applying no special heat.

Id rolling

High-perform
steel sheets
This is the production line of high-

performance sheets in the Kelhin
district. In the line, a 0

Plate mil

te rolling

Kelhin plate mill can make wide range types of products with worid leading
technologles and extensive experience. It Is designad with reasonable layout for
automatically computer-controlled operation. t s capable of manutacturing one
of the largest size plates in the world. By introducing the online accelerated

Supr oniine accelerated cooling sysiem cooling system (OLAC) to cool and quench hot-rolled steel plates online, we
(Super-OLAC) increased strength and toughness significantly. In 2004, we upgraded the system
to the Super-OLAC to achieve more precise control over the cooling temperature,
and succeeded in manufacturing piates of much higher quality.

The hot rolling plant in the Keihin district is a cutting-edge plant that can manufacture the
nation’s widest hot-rolled steel sheets. This plant manufactures steel sheets that are used
for automobiles, materials for line pipes, and all other kinds of purposes. The plant alse
became able to manufacture high-strength, highly processable steel sheets, which could
not be manufactured by conventional technologies, by using unique cooling control
technologies, including the world's first pair-cross/roll shift mill. Therefore, the plant is
highly valued by automobile manufacturers.

Hot roll|

Hat strip mil

Cold-rolled steel sheets are used as materials, and the surface of the sheets is
nace galvanized. Surface-treated steel sheets with excellent corrosion resistance

are achieved through this treatment. Surface-treated steel sheets are used in
atment various filds, such as automobiles, civil engineering and construction as well
as home electric appliances. In addition, colored steel sheets, to which a
baking finish is applied, are not only excellently designed and functional but
also increasingly important from the standpoint of the rationalization of
processing and environment resistance.

Line of coloring

Line of continuous galvanaing

Various high-performance steel pipes manufactured at the weided pipe

plantin the Keihin istrict have been widely used for diversified

purposes, such as for establishing social infrastructure and for high-
biles. In order to meet the new needs of the next

Welde
steel pi

12-tiered cluster mill and annealing
furnaces are highly contralled by
computers. Among various high-
performance products produced
there, demand for invar materials
for shadow masks has been rapidly
increasing in recent years due to
the dissemination of large-sized
televisions and personal computer
displays.

The workd's only CVD (chemical
vapor deposition) line s also in full-
fledged operation at present. The
production line is procesding with
manutacturing 6.5%silicon steel
sheets (Super E-Core) through its
own development.

Super E-Core manutacturing equipment

generation, the plant developed various high-performance line pipes,
steel pipes for civil engineering and construction and steel pipes that fit
the hydroforming process. The Keihin district will continue to meet
various needs for pipes in the future.

Electric weiced pipe manufacturing machine
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Toward Environment-Friendly Steel Mill

Steel Mill-Based Recycling!

There are various recycling facilities using state-of-the-art technologies in the Keihin district. Within “JFE-a group of
companies advanced in recycling,” the East Japan Works (Keihin district) is taking a central role. Taking advantage of
being a steel mill located in the metropolitan area, the East Japan Works will contribute to the local community as the
“urban infrastructure of the 21st century” under the keywords “environment” and “recycling.”

s First Integrate ecyc n

System to Use Waste Plastic as Blast Furnace Feed

In October 1996, the blowing of industrial waste
plastic into a blast furnace was begun in the
Ohgishima area in the Keihin district. Previously,
there was no integrated recycling system in the
world that was equipped with the facility to make
plastic into feed by crushing and granulating it.
Plastic works as a reducer within a furnace in
substitution for coke. The exhaust gas is recycled
as energy for use within the steel mill. In addition,
the system contributes to restraining carbon
dioxide emission in the manufacturing process. In
April 2000, the East Japan Works started
operations to use municipal waste plastic as blast
fumnace feed along with the complete enforcement
of the Containers and Packaging Recycling Law.

Plant equipped with facilty 10 use plastic as blast furnace feed (Ongishima area)

ity 10 use plastic
12
Excellent Steel Products of the Keihin
. . .
District Made Using State-of-the-Art
. . A
Technologies and Cutting-Edge Equipment
JFE Steel meets consumers” high-quality produsts by ng full use of its own world-class
cost the level,
‘which cut valued by all consumers. Here we will introduce some of the products that
the East Japan the world using state-of-the- ing-edge equip
l 6.5%Silicon Steel Sheet (Super E-Core)
This is the world's only 6.5%silican steel sheet, manufactured
only in the Keihin district. Becausz of its low iron loss in the
high frequency region, the sheet is greaty effective in
dovmsizing alectric equipment and increasing the efficiency
thereof. In addition, the sheet emits aimest no.
magnetostriction, which causes noise and vibration, and has.
excellent magnetic property. JFE Steel made it possible to
manufacture 6.5%silicon steel sheet, which was impossible in
the past, by using the CVD (chemical vapor deposition)
method. The use of the shegts has been expanding in various
high-tech fields such as small spindle motors for hard disk
drives of personal computers and distributed power sources.
Example of using B.5%siiloon steel sheet
| NANO HITEN
NANO HITEN is a new HITEN (high-strength steel sheet) ,
‘which was developed by JFE Steel, using nanotechnoiogy for
the first time in the world. In the world of steel sheats for
automobiles, high-strangth is the most important issue.
However, the baiance between high-strength and formability
was an extremely ditficult issue. In order to soive this
problem, JFE Steel developed a breakthrough technology by
which nano-size (1 nanometer equals one-billienth of 1 meter)
precipitates are uniformly dispersed in steel. By this method,
JFE Steel achieved a balance between high-strength and high-
formability, which was unachievable in the past. JFE Steel is
constantly trying new possibilities such as the application of
nanatechnology to steel products.
CUPTEN COAT M is a rust stabilizer for weather-resistant steel. Weather-resistant steel, which is
I CUPTEN COAT M often used for bridges, ks steel sheet of which the surface is covered by rust to prevent further
corresion. Howsver, there were problems such as bad appearance untl the rust stabilized, and
the pollution of surrounding areas. Consequently, CUPTEN COAT M was devetoped. It
Wecosue condensed i by two layers of { into one layer, and achieved
[T sy Me prebscture 0 3mdc two yras) a great improvement in
RS workabilty and economical
CEEEDD) € - CEED e R
‘mitigation of bad appearance.
due to rust streams (photo) .
In addition, CUPTEN COAT M
is an earth-friendly technology
that does not make use of
chrome or lead compounds.
14
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Recycling System for Used

ome Electric Appliances

The Electric Home Appliance Recycling Law started
the full-fledged recycling of electric home appliances,
starting with refrigerators, washing machines,
televisions and air conditioners. The JFE invests in an
electric home appliance recycling business located in
the steel mill, as well as recycling, in its own
steelmaking process, iron, nonferrous metal and
other metals, which were well decomposed, and
almost all plastic. The JFE is willing to offer help in
the field of recycling used electric home appliances,
in order to become a steel mill which serves as an
infrastructure required in the community.

In April 2002, a pet bottie recycling plant based on the
Containers and Packaging Recycling Law was completed in the
Mizue area of the Keihin district, and started operations. This is
an operation to recycle pet bottles into polyethylene
terephthalate resin flakes. Recycled flakes are sold to textile
manufacturers and sheet manufacturers, and are recycled into
clothing, egg containers, repacking bottles, hangers and other
various products. The plant is also characterized in that it can
realize zero emission since labels and caps can be used as raw
materials for steelmaking.

Pat battle recyciing plant

Manufacturing Envir

Manufacturing Plant of Boards for Concrete Formwork (NF Board)

At present, 100 million sheets of wooden plywood are used
for concrete formwork every year. However, reduction in
the use of lumber from southeast Asia has been requested
from the standpoint of reducing carbon dioxide and
protecting rainforests. Our company developed *board for
concrete formwork (NF board),” which is made by using
waste plastic, as an alternative to wooden plywood. A plant
was constructed in the Mizue area of the Keihin district and
started its operations in September 2002. Used boards are
collected and recycled as materials for steelmaking. NF
board is a new type of environment-friendly recycled
product.

N boerd manutacturing pant

EAST JAPAN WORKS (Chiba), JFE Steel

‘The East Japan Works (Chiba district) was the nation’s first
integrated waterfront steel mill established after World War
1. 1tis located in the Kefyo industrial area close to the
metropolitan area. It has a lasge scale with an area of about
8.32 million square meters, which is around 176 times the
size of Tokyo Dome. In 1991, renovation construction was
started to maet the gentrification of steel products and the
diversification of needs. By inputting %260 billion in capital
investment and spending four years, the Chiba district wes
reincamnated in 1995 as an “urban steel mill of the 21st
century” which achieved complete rasource saving and labar
saving, The third hot rolling plant, which was newly
established within the west plant, introduced a history-
‘making innovative technoiogy-the endless rolling process-in
an actual machine.

The fourth steeimaxing plant developed and introduced a
dissolution and reduction process that was far beyond the
common practice of conventional stainless refining. The East
Japan Works in Chiba district is an internationally
‘competitive stel mill focusing on manufacturing of high-
grade steel shests, with its center on the new steelmaking
plant and hat rolling plant.

[Maior product varities]

Hot-rolled steel sheet/band, cold-rolled steel sheet/band,
stainless steel sheet/band, surface-treated steel sheetband,
UOE pipe, iron powder and hot charge

East Japan Works (Nishinomiya plant), JFE Steel

As a stainless steel manufacturing plant, the East Japan
Works (Nishinomiya plant) carrizs materials from the Chiva
district and produces high-grade products and special
products.
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Role of the Energy Center

At the JFE EAST JAPAN WORKS Keihin District, we strive for full-fledged energy conservation and
resource conservation and the Energy Center plays a central role in these activities. The Energy Center
manages in a centralized manner the energy generated and utilized at the Keihin District.

Most of the energy needs of the Keihin District are covered by by-product energy generated in the ironmaking
and steelmaking processes. The generation and utilization of energy vary greatly depending on plant
operations and therefore one of the most important tasks of energy management is to achieve good balance

between generation and utilization of energy and to ensure slim and efficient use.

Most of the water utilized at the Keihin District is recycled using the water purifying facilities operated by the
Energy Center, and discharge water is first cleaned and then disposed of, while monitoring its quality.
Monitoring of atmospheric data is also implemented. Thus, the Energy Center plays an extremely important
role for the protection of environment, too.
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How energies are used

Summary of energy equipment

@ Ohgishima thermal power station Boiler (410T/H) 3 units
Turbine (135MW) Tunit
(142MW) 2 units
Power (22.5MW) 1 unit
Stations Power generator (147MVA) 3 units
(23.5MVA)) 1 unit
@ Onhgishima No.2BF power station (TRT) Turbine (23MW) 1 unit
*TRT: Top-pressure Recovery Turbine Power generator (25.6MVA) 1 unit
(Substation capacity) 154kV 300MW 2
@ Switching station 125 MVA 2
30 MVA 3
@ Ohgishima Center Substation 100 MVA 3
80 MVA 2
15 MVA 2
@ Iron and Steelmaking Substation 80 MVA 3
10 MVA 2
Substations
@ Rolling Mill Substation 80 MVA 3
30 MVA 2
5 MVA 2
@ Mizue Substation 80 MVA 2!
15 MVA 2
Watarida Substation 30 MVA 2
10 MVA 2
@ Other substations
@ B-gas Holder 150 km® 1
@ C-gas Holder 50 km® 1
(12) | LP-gas Hoider 80 km® 1
@ Multiple gas Holder 200 km* 1
Fuel plants
m Heavy oil tank 7,830 kI 2
@ Ohgishima C gas tank 4,000m* (0.9 MPa) 1
@ Ikegami C gas tank 2,000m? (0.9 MPa) 1
@ Gas Mixer 150 kNm*/H 1
Water 39
@ Water purification plant
plants locations
. Ohgishima Area  Medium pressure (0.6MPa) 35 kKNm*/H 4 units
A Low pressure (0.2MPa) 26 kNm*/H 1 units
SpEEs—— . Other Areas Midium pressure (0.6MPa) 11 kNm*H 5 units
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2.6 kKNm*/H 2 units
Low pressure (0.49Mpa) 12 kNm*/H 1 unit
11 kNm*/H 1 unit
. Steam Power Recovery Compressor 9.3 kKNm*¥H 1 unit
Blast fumace
‘ Blower 8.5 kNm’/minute 2 units
blowers
Oxygen accumulator 1000 m* (2.5Mpa) 3 units
Oxygen/
. 800 m* (2.5Mpa) 2 units
nitrogen/
Nitrogen accumulator 2000 m*(0.6Mpa) 2 units
argon
Nitrogen accumulator 150 m* (3.7Mpa) 1 unit
equipment .
Argon accumulator 150 m*(3.7Mpa) 3 units
Air Separator 20 kNm*H (0;) 3 units
Oxygen/
65 kNm?/H (O2) 1 unit
nitrogen/
Liquid plant 20 kNm*/H (N2) 1 unit
argon
. Oxygen compressor 20 kNm*/H 3 units
equipment
12 kNm*/H 1 unit
(JFE Sanso
38 kNm*/H 1 unit
Center)
Nitrogen compressor 20 kNm¥H 4 units

Use of Energy (Fuel, Steam and Electricity)

Part of the coal, which is the raw material used in steelmaking, is converted into the following by-product
gases: B Gas in the blast furnace, C Gas in the coke oven and LD Gas in the BOF. Almost half of these
by-product gases are utilized separately or as a mixed gas (M Gas) in the heating furnaces of each plant, and
the remaining half is efficiently utilized as boiler fuel in power stations and converted into electrical power or
steam. Most of the steam is produced through waste heat recovery. When the recovery facilities are not
operating, steam extraction is carried out from power stations, and when excess steam is produced, it is
converted into electrical power using heat recovery turbines. Most of the electrical power is generated at
internal power stations owned by the Keihin Works and is supplied to each plant. It is also used for production
and operation of energy generated using oxygen, compressed air, service water and others, and some of the

surplus electrical power is sold to external organizations.

Fuel
CGa '_}:f
Purchased fuels|  Heavy oil
City gas
Waste heat recovered steam
Steam
Extract steam from power station
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(1) Fuel gas operation
1. Almost all fuel needs of each plant and power station are covered using by-product gases
generated within the Keihin District. Heavy oil and city gas may be used as necessary.
2. Each plant in Ohgishima uses M Gas adjusted as standard gas. M gas is produced by mixing B Gas, C Gas
and LD Gas - by-products with differing calorific values.
3. Information about generation and use of by-product gases is fed into a computer, thus

ensuring efficient utilization of each gas holder and C Gas storage tanks.

Works] [Gastouse)
Iron meking
Elast Fumace Bgas, Mgas
Clyges
Sintaring plant Mgas, Cgas
Coke oven Bgas, Cges
Sioel making
BOF Cogas Mgas

Contiwous caster  Cgas

Plaia
Piate mil Cgas, Mgas
Siabmil Cgas, Mgas
Sheat roling

Hot sirip mil Coas, Mgas

Shest roing
Cold roling mill Coes
Plating & coating Cgass

::’"’ Large pipe diameter  Cgas

Smalppediamster  Cgas

Welded ppe
Butwelding Coas
Boas
Power plant Cgas
LDgas
Heavy o

(2) Ohgishima Thermal Power Station

The Ohgishima Thermal Power Station is one of the largest company-owned power generation facilities in
Japan, and its purpose is to minimize energy costs by making good use of by-product gases and producing
electricity flexibility when storages of electricity occur.

Also, (Keihin) has the Top-pressure Recovery Turbine (TRT), a recovery generation system that utilizes the
blast furnace top pressure, and an waste heat recovery steam power generator, and covers approximately 10%

of the electrical power needs.

1. In order to achieve thorough and efficient utilization of by-product gases, the Ohgishima Thermal Power
Plant allows burning a mixture various fuels at the same time or gas-only burning operation.

2. The power station implements proactive measures for improvement of efficiency, such as introduction of
B Gas pre-heaters that recover and use waste gas sensible heat, and secures top-level efficiency by
utilizing by-product-gas-fired boilers.

3. The Keihin District strives for reduction of internal energy consumption by implementing various
energy-conservation measures, for example control of the rotation frequency of ventilation fans.

4. Design is implemented with consideration to environmental measures, in the light of the geographical
conditions of the Keihin Industrial Area.
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B-gas pre-heatery | EG-CO | [EG 0. outomatic
monitoring | fcontroller

[Legend ]
EG = Exhaust gas
A: Turbine initial pressure control
Boliler master control by C-gas
B: Use of blades of higher efficiency
Variable pressure operation
C: Moving blade variable pitch axial fan
D: Change-over of steams used in the premises
(steam for waste heat recuperation)
E: Rotation control of fans (VVVF)
F: Energy saving for air pre-heater
- Reduction of leakage air
- High-efficient element
G: Pole change of gas recirculation fan
H: Boiler feeding pump
- Pulling out an impeller
- Rotation control (VWVF)
I:  Condenser
- Installation of vacuum pump instead of steam ejector
- atomization of cleaning
Optimization of pumps in operation for circulation water
: Vacuum type stream ejector Ohgishima Thermal Power Station
Outlet port
Water-intake port
Power generator

- el T

(3) Electrical power operations

1. The high-capacity power generation facilities for private use (419MW) and the recovery
and—power-generation installation (45.5MW) supply 100% of the average necessary
electricity at the Keihin District.

2. A multiple system of transmission lines which contains multiple protection relay devices
contributes to the stabilization of power supply.

3. Voltage regulators and harmonic filters are installed at the substations and the mill

electricity control room in order to improve the quality of power sources.

154KV = e =
2 ™ tion

ima
ermal r Sta Thermal Power Station
135MW. 142MW x 2 22 5SMW

Switching Stasion Ohgishima
Center Substation
154/66 kV 154/66 kV
66/22 kV 66/22k

Iron and Steelmaking
Substation 66/22kV

No.2 BF power
station (TRT)
23}

* Power Producer and Supplier



(4) Steam operation

1. The needs for steam at the Keihin District are almost completely covered using steam generated through
exhaust heat recovery.
(CDQ, sintering, hot rolling exhaust heat boilers)
2. Excess steam is converted into electricity by waste heat recovery steam turbines.
3. When steam shortages occur, it is possible to secure steam from the Ohgishima Thermal Power Station
(Extract steam).
4. The Steam Power Recovery Compressor is installed and compressed air is produced in

order to secure efficient utilization of pressure reduction loss.

1. 25HPa 0. 8MPa
Flow =
f
e P
Recy Air
turbine M
L—T

Compressed air (Medium pressure)

Steam Power Recovery Compressor

(5) Compressed air operation

1. Compressed air is supplied through two channels, one is medium pressure (0.6MPa) and the other is
low-pressure (0.2MPa) for the purpose of energy saving.
2. The installation is equipped with backup supply functions from medium to low pressure.
3. Compressed air is supplied by using the connection stretches around Keihin District, and it is operated
efficiently.

[ Ohgishima area] [ Kizon area ]

=i S

Steam Power Recovery

Dl ==

8

Medium pressure -2 Low pressure sysiem (Ohgishima)
o | [
Medium pressure - 3
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[Legends ]

—mmn(n,lvowm)D_"_E Medium pressure D_”_&anmm :w
= Low pressure (0210 0.49 MPa) air comprossor air compraseor sirusing plant
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(6) Industrial gas operation

1. Industrial gas is supplied by JFE SANSO CENTER CORPORATION which has the
installations located within the Keihin District.

*JFE SANSO CENTER CORPORATION is a joint company of TATYO NIPPON SANSO

CORPORATION and JFE Steel Corporation.

2. Air separators and other plants are controlled with computers and operated automatically.

Medium pressure - 9 —>
I'& mixed gas
|-| Hi e
gLy =» Each plant

Air separator
(4 units)

I o

e Supply 1o outside
consumers

~, Supply to outside
2 consumers

Pure argon
= Converter, RH

Liquid
plant
. => Supply to outside consumers

Low pressure oxygen
=» Blast fumace

High pressure oxygen
T >
e Liquid
s | (508, [-{Eavonty

Supply to outside consumers

Blast fumace, BOF

(7) Water operation

1. Water is effectively circulated through the plants to decrease purchased water and

industrial waste water
2. Optimum water supplying systems which meet operating conditions of plants have been introduced for the

purpose of saving electricity.

Pressurized Bio-processing

Sea water-dust collector

Energy Control System

The generation and utilization of energy are closely and diversely related to the steel production activities,
and therefore slim and efficient operation needs to analyze large amounts of data speedily. To this end,
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systematization of energy management is essential. The energy management system comprises the following
three elements: planning, implementation and coordination, and achievement management. By using these
three systems as one management cycle, we efficiently utilize them for optimization of short, middle and long
term energy performance.

et LS

Energy-operation planning system
(Energy schedule planning system)

System for the management of energy records
“Energy daily and monthly reports edit
| 1. Evolution of energy management results
2. Management of specific energy consumptions
in operation

= = i e T ~
Energy operation prediction system
Energy-optimal distribution system
Power flow monitoring system

1. Gas holde

2. Fuel regulation at power plant

Dataway (10Mbps) Dataway (10Mbps)

o o~
hd
ﬁn_l,,w - _— — !
PCS I ACS IJ | PCS | SAS .J

PDP 11/83

JEE

JFE Steel Corporation East Japan Works (Keihin District) Energy Division
1-1 Ohgishima Kawasaki-ku, Kawasaki City, Kanagawa
Tel. 044-322-1601 Fax. 044-322-1539

Head Office : 2-2-3 Uchisaiwaicho, Chiyoda-ku, Tokyo (Hibiya Kokusai Building)
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@IrFE

: = . JFE
== | ~ Hot Strip Mill

- e
=5

[ Geesa
B oven

JFE 2F-)L #iat&it AU g
REARGH (RE) BIRES WETSH ,f_,j L&
T210-0868 )1 I1G75)|MERE 1 TR 1S :
TEL 044(322)1375

& 3 7100-0011

7100-0011 MEUSF 12TE2E35 ‘)
TEL 03(3597)3111

JFE Steel Corporation EASTJAPAN WORKS

Sheet and Strip Dept. East Japan, Keihin District
11 Ogishima, Kawasaki-ku, Kawssaki, Kanagawa 210-0868, Japan
Phone : 81:44-322-1375

Head Office
Hibiya Kocusal Building. 2-3 Uchisaiwaicno 2-chome, Chiyodaku, Tokyo 100-0011, Japsn
Phone - 81-3:3597.3111

JFE Steel Corporation
i on REARREKAT FURMX FGEE T 15

Brief History. s : 3 SFER R 45 " Available Size
Tersile Strength Class 290 Nimm¥ min. ;2'(:"55 (mm)
1978.07 (553.07) H.SM started Up
1979.03 (554.03) H.S.M operational
1979.04 (554.04) PKL sterted Up [— 130
SKP started Up

1983.01 (558.01) PKL No.2 Pay-off Reel installed
198401 (559.01)  FSWRSinstalled
1988.04(563.04)  FA-F6 Hydraulic AGC instalied
1988.04 (563.04) Hot Run Spray revamoed
198811 (563.11) F4-F6 PCS instalied
1989.08(H01.08) Bar Edge Heater installed
1989.10(HOT.10)  F7 Stand added (PCS & Hyd. AGC) |7
E4 Hyd. AWC instalied I
Process Control System revamped
Profile Meter instalied
1992.10(H04.10)  Hot Run Spray revamped
1994.04 (H06.04)  PKL Process Control System revamped I
B2
=

|

600 700 1300 1400 1500 1600 1700 1900 2000 2100 2200 2300 Width (mm)
1997.07 (H09.07) Inter-Stand Thicknessmeter installed

2000.05 {H12.05) Finsher and Coder Process Control System revamped
2001.05(H1405)  Rougher Process Control System revamped
2005.04(H17.04)  PKLFiing Shear installed

Uses of Hot Coils

ction Flow Chart

_ —— for Construction
(A of 2005) forbend 4%

for Electical Machinery ———
7%

Banding Line
70
i i
‘ &BW Pipe
M spiral Pipe
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¥ Specification of Finshing Plant X Specification of Hot Strip Mill

Pickling Line Skinpass Mill Banding Line Specification
4 Hi, Hyd_ (-line Skinpass) 4Hi, Hyd. - _8-Zones Walking-Beam Type
650 0 (in-kne Skinpass) T E ; TH 300 THX2
Adliolitol o NS Reheating Furnace -
12-69 12-69 - Effective Length 57m
600~ 1,630 600 - 2,300 600~ 2,300 Furnace Width 9.8m
36(n) 43(0ut N 3 Hse Hydraulic Pressure 1530MPa(150kgficm?)
2810 200 2,050 oo il WR Dia. Moter Power Type
Line Speed (mpm) 300 Max. (Line Center) 500 Max. - R2 11600 DC 5000kWX2 4 Hign Rev
b “Pickling 5 o R4 1,160 0 AC10,000 kW 1 4Hgh
Number of Tank Hot Rinse 5 B WR Dia. Moter Power AWC
" Pre-Heating 1 e E2A 9300 AC1,120 kWX 2 Elec.
£28 9300 AC1,120kWx2 Elec.
£4 9300 AC_410kWX2 Hyd
Pair Cross Induction Heater Type
stand Edger Heater —— w*yi - High Frequency Inverter
2,000 KWX2 ; 1,800V
. Crop Shear gecankTvpe -
Tcross Angle Moter Power DC 1,200kWX2
WRDia. MoterPower  WRShift  CrossAngle AGC
F1 - 8156 DC 4,200 kWX2 Elec
2 8150 DC 4200kWX2 Elec
3 8150 DC 4200kWX2 Elec
Finishing Mill F4 8000  DC 4200kWX2  =213mm  0-1.20eg  Hyd. & Elec
5 8000  DC 4200kNX2 =213mm  0-1.2Deg. Hyd. & Elec
= B 8000  DC 2800kWX3 =213mm  0-12 Hyd. & Elec
Shift Mill 7 8000  AC BAOOKWX1 =213mm  0-1 zz’; 'Hid & Flec
Top hat 7 Speed Max. 1159mpm
Pipe Lamina Pipe Lamina or Soft Cooling
Run-out Table Cooling Equiment Soft Cooling
13 Banks 2 Banks 1 Banks
3-Unit Flame Type
Coiler Moter Power Pinch Roll
No.1&No2 DC 260kWX3 440KW X2
Spindle e e
Computed control system utikzing automatic cranes and carriages,
Housing post Capacity Operation Crane Carriage
— Cross head B Cold Charge 50,000Ton (11Yard) Auto. 1/ Yards a
Hot Charge 4,000Ton (11Yard) Auto. 1/ Yards 1
Cooling Yard 545 Cois X4 Yard Auto. 1/ Yards 7
i [No.t ~No§ 606 Cols X6 Yard Auto. 1/ Yards B
NoZ 295 Coils Manual 2 E

Production Capacity : 300,000 T/ M

No.2 No.1
Slab and Coil Dimension

(. Slab i Ecs:

| Thickness (mm) 160 - 250 == @

_Width (mm)  600-2,300 6002300 == ¢

5,000 ~ 9,100 -
Max.36 77Ml376
— Edge heater, — Runout table Coil carriage Pickling entry — Pickling tank - Pickling defivery
Crop shears &
Scale breaker
Finishing mill (— Banding fine
— Skin pass mill
Bl ) \
N ol | == ; ‘
1
F T 1t g
5 §
— 3
| . o X% 2
L . =S N e a
== —ae

— Banding line
Skin pass mill Shipping yard Coll yard
Total shop length 1,040m __

Reheating furnace Roughing mill (R2R4) ' Roll shop - Coiler L Coil cooling yard

Picking Line

Finshing Mill
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