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(1) @S COREX {ETEIL AN LEERAIED | TN 2R TSR L, 8k - &8 Lo
SRE % 1 B ERER— B RIBRTT,

(2) EHEECHSRYET DRI (Direct-reduced iron) Z{EV . TERNE CTHIC BLEE USRI 2 1B D BE#2
T T Bk T,

() FIFSCEBEEICF AT, S8k (AgR) . $kR 2 T v A BRI TN L THAEIED |
iRt % A 5 TEIF T4,

(4) BEBRBRR Y T o TEE X 2R T - FHEE (B, AR - ERUFE CHEM L CEkE
TR A EY | BRI ERIE LEEY & A PET D8 T,

(6) BRIFEAFT. LLO. @, QOIEHNLZOHMBLTHLAT T T—2Ah,
Ly MEOHIM AR L, S - SR80 - S8 S & 1F L HE T,

— BT A8 LBk 2 ED @R 21X U, BERE T8 - o — 7 254 o7 n
ANPGRS TEY, &L LT F—FHASETE VD, RIEEOEARAHNBKLE N
DT, KIEEHOUTL 2>, JFENE 72 288508 L OVEIRO@E 2 A M BNLWGFTICER SIS 2
ENEL FEMAERIEE T t IO TR RN Th 5, HEERTREANE, MiEax o
JR B RIRIT A DM 72 HUIBIZ R ST D,

Zxt L, BIF TIHORMIE, BRSO EFEIITEER S DL O OB L OB
B NSV b B GG L OBEOY 0 2 BRSSO BAEICE LTV D
ZEnn, ZOREOHERMOIT IZEEICHY T AR Z b ol LEPER I 7 — A
AR
() ENZIEEE - B s K 2 8k — BBk LM < | RoeekIBIC X 5 — B gk & B
THB LW T50 SFEHEO TN S 5, KRETIXEF LEO =R VX —ZHER KO BERIF
ERRMBF 2 BRICEER L, o r X — A BEOL VROV TIAT 5,
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0

Slab

Plate rolling mill

5] ot rolled coil
Hot rolled sheet

Cold rolled coil
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322 BFRFIHOTOAPELEIRT—T

BIFTHIIEL L TR Zy 7R E LTER L, —BREkIT OIS A 2B LT 5 7' e
T ANIRNTZ O 1t 720 R AF —FEHMNBMELS . A7 T v FMifgICRE S BBIND N —
WIZAEPEA R R BIRV, B TIEIAZ 7y 7HIZEEND Cu, Cry Ni 22 8D 2 BfR< Z
LIXTE WO T, MEOEWEMEMNE EFET 2ITIARME TH LA, SN0 Y1 7L
oM EICFHS LB 2 X MRLNDOT, SBbZO =T H#ERL TV D & THIND,
ZIZTIE, BTG ORES H5%0H L L TERFR L WELEMEYFZ & HIFHIHT 5,

[X] 3.2.2-1 |ZFEIF LHICB T 2 NS L O ot &z =T,

0. 1<

> Billet ~ Bar, Wire
Pig iron Plate
5& Steet sheet
Scraps @] Continuous & Rollmg mill Pipe, etc.
NN casting
Ferroalloys Electric Arc Slab
ﬁ[} Fumnace (EAF)
\Y) .
R, ML Ingots
Ingot casting @ E —— Forgings
Forging
machine

B 3.22-1 EBRFHMEORE LB T —
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(1) AHA=XHET—<
IR TR BIT DE XK T —~ 2 £ 3.22-1 ITRT, T—~ D% p3-79 LAY,
# 3221 BFEIHBCBIZE=IHNRT —~
No. X5 e SOy BT RENE a2 FER B
B kT AR EDOHN KB XL DEMR ORI | BrakhE
BRI B N—F okE (KT, Bl R A, =— | HlE : 5 litert = Bk S — i 2
JABIOMRE) ([2XLDAT T v T IEfRIEE B JEL BT I3E ¢ 45 kWh/ton
3 BRI PR TR X AA FAT K 2 st Iy P S & © 10 m®N/t = 55 kWh/ton e TN
4 U T3 — 7R R X AT K B VAR IR A o— 7 A48 10 kg/t = 50 kWhiton | 7 — R 2k & GA ik E
#H
5 A AT Ty T PEEERE RN EE 20 ~ 40 KWh/ton AT Ty T PR E A
X%
6 BRI FEMEIFMEME (X7 7 o 7 AR, B | FERERREMRIC X 2AEEN | FEErEESEE M.
PEfGTIRE I ATNE . HSMRE A Jor (A LR P )
7 BRIF 2 WHEBERIHEAN : L— N7 7 —% X (LF) @ | EXWF 2 EMHEM, LF 288G & | LF &EE M
WO K DR B A PE RN L. AR R
8 BRIF HASRIR SR T HERRE 10CIK FIC L, BAHFEH | 22 MERL
{7 3 kWh/ton tk
9 BRIF BABANOFEREHIEIC X 0 EANE RO K#EL | #AEOKi#Eb AR 25 1 g
%
10 BRI PR HIKIZ X D BB it K 75 A K FiRKE T vy 7 E
1 E v Tap-to-Tap I i) o> & Tap-to-Tap FR¢fH] 30min £ =
R EALEEE 50 kWhiton
12 JlE el PRBEZE S L D ﬁtﬁxiﬁrﬁ 500°C T, %&bk 15 % | HEH A [ 3R L Rtk s
T2 L EHT o%iKE+ 5, | B
13 JnEAF PERMBIIIC & 2 a2 5 T 21 %%tb 1.2, TEZERIRE 400°C, TJE 2SR TR E
HZIRE 800°C DI, BRBHIIH =
30%
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No. X4 BT R%HR BT RHE 2 A NER f&5%&
14 JlEY el fEGIR A FHHR R T 10°C T, BRBHEHATLL | = X MHEHE L
# 3 Mcallton
15 JnEAF By hFy—YLRoMm E NI E5- 100°CC, BRBHEHLAL | REA v 7 A 8 —5%
3 20 Mcal/ton [ER=gat!
16 TNEF €T I I T AR HFIZ L DIFRE S D | JPEERE AR 30% I I v I T AN—
ENGE IAKIRK A (& H
17 TS AN, RO R OE 5 OBE RS Ik BACEBRAIEIZ L0 | RBHREAIE | = &2 ML
5%
18 JnEAF K AKX Ko T OWrEGR(L AXy R, 7O EREITIEIC & | W TS e T
0 BRBHEHEAT S 5%
19 MEE | ERRAN—TF— (VP2 T 4 T N—F—) O | U2 T 4 T RA—F =L [V P =T 4 T R —
A 0. BRBHEEALSET 30 ~ 50% FT—REEH., FiRSE
#
20 JnEF HBEEOVME (AF—nrwx Ty Tax I BEEVREICED, INBYERER | =2 MEEEL

A1 =L DK

HALFS K OVEERE o /) SR B 703 o
T

CIEA U—FULETE
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1) ERFUH TR

B TR CIIEXIF TAZ 7 v T - iff - B Lic (WEHTEI & H>3& 2K
FEBEEE AT R LB 72 & 24T 9) . Wkt (CC) FoITEM THITE LN,
BREZIIEMI (T b)) ARESRS,

P TR TOT R — A EITEF LIHAEOK 5% % o, Z ORI TRO P TIX
BRUFFEH O =RV F =B L KIS E LD TN D,

BRIFNTIIFNRAY T TN AT Ty T L EMOMTRET T — V87T
WTHRAET HESEIPEIC L VI - BRI D3, @ MHRME NN EDOFEET RV
¥F—JHTh D,

X 3.222 IZEBXF IO 70 —KB L OE = 25K 27573,

Operational improvement

* Quick charging of scrap

+ Speed up analysis for molten steel

» Shortening for maintenance time

* Prevention of electrode breakage

+ Elimination of waiting time for crane etc .
« Utilization of hot refurn scrap Improvement of exhaust gas cooling

* Lowing molten stecl temperature

» Improvement of automatic electrode controller

* Optimum input of power

Optimization of auxiliary equipment capacity

Modification of equipment

» Big fumace capacity
« Ultra-high power transformer
« Eccentric bottom tappiing Fan
» Secondary refining Cooler Precipitator
+ Auxiliary combustion of fuels
+ Carbon, O, injection o—ki—
* Reduction of resistance of power system
+ Post combusion
» Inert gas bottom blowing .
«D. C furnace VVYP or pole change of auxiliary
equipment, motors

Scrap preheater

Water pump Waste heat recovery

K 3222 7—Z7FIR7u0—LE T R%f5E

2) HREEUGE - RIMSEIC L 2B X

B TRIZBWNT, O IE LWATRBERE HIT -0, digshEthgom L WONCE
e =R 70 & ORBIREIR & AR E X OWERIK &AL L D ERUF O AN iz X
Dl ZANRKEN, BRIFICITEEECHEIR V77 ERMHERE STV D08, ek
DE T REIFI IO H L LB TH L DO THIITER L, F& L TEIFAREO T R /LF—
JEBLAT T VEIC O W T Rt 2 N2 %,

BRI RBEOES) 2 W ET %, PLN OEIJIFFEEFT TIERIALH 32.84% THREN HE
INCERL STz ERET % & 7877 1IkWh 1% 10,965 kJ (2,619kcal) L % fiE Bz b b (1 k=
FOF ), BRUFOEMRE 2 2 MERROZIZ, LUTICRHET 5 K O e R EAL
IR SRS & BT\ D, Z D3R % 1kwh = 10,965 kJ (2,619kcal) TaEffid 2 &, = A MK
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ORI FRFICE TR TH D o722 ENb2 D,

BEESFIIHHKIC L 28GEL, FRBEBEMR LR CEEEEDNH 5, EXFORA
TR —H S L Tap-to-tap FEf 285, WO 2 UE AT 3oL — B2 B UAEFENE
(ALK Y 72 0 OB E) 2N C& 2 & EEBRKDEEREN TR Y =10 F — L HAL 2K
TT&E 2, EEMEOR LITEXIFOEZROFNRFEESZ 5, £ 3.2.2-2 IZEXUF OEUN

X% (B) 279

k., BRI T RILX I OB EAIAENTICE L CiX. 1kWh = 860kcacl = 3,600k] (2 &
TRVX—HE) AT 5,

£ 3222 BRT —7F OB ER
Meal/t tapping
Heat input Heat output
10° keal/t % 10° keallt %
Heat by electric power 302 50.2 | Sensible heat of molten steel 342 56.8
Combustion heat (Fuel) 41 6.8 | Sensible heat of slag 52 8.6
Oxidation heat of electrode 20 3.3 | Heat loss by exhaust gas 71 11.8
Oxidation heat of charged raw 197 32.7 | Heat loss by cooling water 62 10.3
materials
Heat of slag formation 12 2.0 | Heat loss of transformer and 22 3.7
secondary conductor
Heat recovered by preheated 15 2.5
Other 15 2.5 | Other 53 8.8
Heat input total 602 100 Heat output total 602 100
Heat input Heat output
10° kcallt % 10° kcallt %
Heat by electric power 373 59.1 | Sensible heat of molten steel 340 53.9
Combustion heat (Fuel) 25 4.0 | Sensible heat of slag 47 7.4
Oxidation heat of electrode 26 4.1 | Heat loss by exhaust gas 111 17.6
Oxidation heat of charged raw 192 30.4 | Heat loss by cooling water 30 4.8
materials
Heat of slag formation 11 1.8 | Heat loss of transformer and 28 4.4
secondary conductor
Heat recovered by preheated -
Other 4 0.6 | Other 75 11.9
Heat input total 631 100 Heat output total 631 100

BERIFDAEPEM,EZ M ESE DO TOHRNE B TWD,

kZ v AR EDOREN

- B —=T OFER], MERE AL, BFEREABWRICAT 7 v T FEREICLDE

T AL D AR
- FEE R ] O A

- ROk

= 2 AEBHEAE DB A
DTN EHIZHOWTHHAEINZ 5,
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a) b7 U AREEOHEN

A, EX

WEO T v AREIIRE LD —

BETED

RP(Regular Power)—HP(High

Power)—UHP(Ultra High Power){t3 3-8 H 17z, 3 3.2.2-3 IZHFRENNE N T U AR EDRH

PR,

ZORRIC A7 A RAUL L RENZRATE S L9

2o led

X, OUHP &R

AT oM@ b, @FFEE « RIFOKMAGEDN & kP om B XD EOm . @A
797 % — 3 7 HAE IR O 1 L3 L QBT £ D BRI B 5T — 7
DLEE, DMEMRFEL T\,
® 3223 BRIFRET L BEXMEROBIR
Nominal Outside Metal bath Diameter of Capacity of Secondary
capacity of diameter of  depth electrode transformer voltage
furnace furnace core [MV-A] (RP furnace)
[10° kg] [m] [mm] [mm] RP HP UHP [V]
2 2.178 300 175 15 - - 180—- 80
5 2.743 400 200 — 250 3 5 - 200 - 100
10 3.353 400 300 - 350 5 7.5 - 220 - 100
20 3.962 450 350 — 400 75 12 15 240 - 100
30 4572 650 400 — 450 12 18 22 270 - 120
50 5.182 750 450 - 500 18 25 30 330 - 130
60 5.486 850 500 20 27 35 400 - 130
70 5.791 850 500 22 30 40 400 - 130
80 6.096 900 500 25 35 45 430 - 140
100 6.400 950 500 — 550 27 40 50 460 — 160
120 6.706 1,000 550 — 600 30 45 60 500 — 200
150 7.010 1,000 600 30 50 70 500 — 200
170 7.315 1,050 600 35 60 80 500 — 200
200 7.620 1,100 600 40 70 100 560 — 200
400 9.754 1,200 700 - - 150

Notes: RP: regular power, HP: high Power, UHP: ultra-high power

Source: Cast Product Handbook, 4th Edition, edited by Japan Cast Product Association

b) IR EAL ORI

a. Bk N—F

BR R — T e T AT - B - R A% 2

FIRFIC VB E OB G L TR Y

T T DOHE  RIRARET D, BE2—/L FARy MIETTA—FRRIT N5,
X 3.2.2-3 (2B AR —F DR EH], X 3.2.2-4 ([ZER/S—FHIC X 5B R EAARE R R4
Y, BN —F DO HIL 5 ~ 9 kWh/L-0il TH 5,

EERRKNRA

3-81



Y RRYPEEIRILF-ERIBERE
TR " BIRNF—HA1RI1Y

Arc plasma

Combustion supporting
burmer

Cold spot

K 3.2.2-3 fHEBIN—F OREH

o Case of transformer rating of 20,000 kKVA
* Case of transformer rating of 60,000 kVA

g g

E 8

f

%)

o
T

Electric power consumption rate
(kWh/ton of mild steel)

g

I 1 1 1

0 2 4 6 8 10 12
Oil consumption rate
(liter/ton of mild steel)

3.2.2-4 BHRN—F DOEE
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b. BAFRWR X IALMERE

FRRIR AL, AT T v TRORMICESERBLRE DT, AT TNy T v
7' ¥ L O Fe BRALIOG ZAIRME S8 BN - P 2 1) B S 280 0o 5 —J7 ., s
BONELRDIRENR Do, ZORRERRT DIZDICHBINTZON T —KRY - A
¥zl v a T, BETOWRAN—F QBFERZAL, QI —Rr AV a
Y RN A G DY TENFRM 2K S ETW5, BEFE 1m3N/ton 4720 &)
5.5kWh OAKJRZN R 8 5 23, 20m3N/ton LA ETIEZE ORI L, IS5 &
e b AN 2 Wi Rz 72 B,

4] 3.2.2-5 |2 R Z IAFH DR R Z =T,

300

450

350 ' - : \

N

L ]
L 4

Electricity intensity (kWh/ch-t)

300
.0 5 10 I5 20 25 30
Unit oxygen consumption rate (m*y/fch-1)

K 3.2.2-5 BRRKREAHLDER

C. N—RVBIXRTNVIKREDA Y= vay

WZKDARY Ty TUMENAT L CTFNICE & a—7 2R EREATe L Fe, C D
LB L O R T T v TR RES S, AV X T H%ITAT 7HO FeO & C AKX
JELTTEEZ COTANAT ZDWANES (Forming) Bl A = S, 7 ~—Y K7 —7
BIC & 07— OWEFRBMFEEAnb D DAL X, BHERASREZH ESE D,
IOV T —Y N7 —=I70IZ LV @R EE L RENWADERICR Y | BFRHEALO
M) b - pFRERM OIER - HEHARE O O B3 ER STz,
Ei%%ﬁmémkbf7wxrﬂﬁ%émfwétmvw*iéETw % 30 ~ 40%
HATEY, ZOT NI ROBACKISENT X0 B AL R OIRBh R 4 ~

6kWhikg 7/ 2 ThH 5, HIZ 7”‘r@%mim¢@ck&ﬁ@%ﬁ@ﬁﬁ%%tb%
WEIET 2 ENH 5,
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d. X277 v TDOTE
BRIFOF BRI CH LT ABEREZFA L, 27 7 v 752 TRTLEET, £
OREERX %K 3.2.2-6 (2T, WH A7 T v T HENLIZIEANT v Mo JET A RICH
BExiE Lo TEMEIC AN - PRS2 HIENE BTV D, TEWEIIAT v NERG
[CBGAA, BUHE D X5, EEMEEZEBER LZHRFI2T-oT05, TRREIZ A7 v bD
BN TER L OB D EASES AR 135 600°C & LT 5,

Dust
collector
Damper
i
Rotary hood Cooling

Arc fumace

Air blower

Combustion ‘
chamber Bucket Vessel

3.2.2-6 Conceptional Drawing of Scrap Preheating Equipment

S OB F BRI R 2 K 3.2.2-4 (TRT,

&K 322-4 BHAZRIIETHRE= R LT —DFR

Oxygen 0 to 20 m®N/ton 55 kKWh/m*N
>20m°N/ton 2.7 KWh/m°N
Qil Oto 5 L/ton 9.0 kwWh/L
Natural gas 8.5 kWh/m®N
Coke 3.0~8.3 kWh/kg
Aluminum dross 5.0 kWh/kg-Aluminum
Scrap preheater 20to 40 kWh//ton

c) FEiEFENRFMH ORI
Tap-to-tap ¢t 2 £246 9~ 2 (I, IR OER 72 FE I8 FEIRFH O Faifd 6 2R & AT L CTHEsD 2 MBS
&5, Tap-to-tap FEf & FEMERR] O FRERAE 21T > 72 1 B2 [X 3.2.2-7 (TR T,

a. JF7 X2 OFE - fEll, EMRAEOEHEL EICL D AT Ty 7T v — VIR O KAE
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b. EEMREEE R oD FAE
C. JABEDKEALIZ X DA MmN Eds I OMARIIE R o FEiE
d. EBT (Eccentric bottom tapping) ¥7{k, & #3280 5 2T & 5 HHHREE O FEiE

150
100
3
]
£
E
[+ 9
5]
&
L
50
0
0 50 100 _ 150

Power-on time (minutes)

B 3.2.2-7 7T —7fFH#FEICBT D Tap-to-tap F¥fE] & B/ 1% 1L R D EAfR

d) EuhRom b
EBT JFORM., EBHEAOBREEIE, X7 7 74— v 7, TAERE, FA 2
WIRBEE 72 BRI BIZ% 57 5, DCHRILERT — 7 L B X D EEEIC L o
TERRN LR/ 2 (EHRBEALA R T — 27 F L 0AERW) L b Tng,
e) 2 PGSR DB
LF (Ladle furnace) %, BN TSI 2kl 4N 2 Z LIk v | IRE - sl o
i ESELH L L BT, CCHREDZENSHMA - S i Eﬁiuﬂ%ﬁiﬁofwé
BRICBEAF L BRSSO MELZ DT 2 itk v, BEF»LOHMEEOKT -
Tap-to-tap M o> % - Lﬁ%tt%@ﬁi%@%%ﬂ%ﬂo“Cb\éo LU, LF 05
ELIM@WEKLF%ﬁ%LT%ﬁ%ny?%bemﬁéaﬁﬂfﬁ%gﬁéo
f) HERREOIK T, EXIFBREELOHH
T LR (EE LT CO) omdbzX Y | fFi L O 4 KL 5 & Budids L OHEN
RS> & O FEE SRR ANARIN T Do Z OREEEITHE S 3 2 MR E MK T k2 o
TEFOENFHEN 2R TE D,

HERIEE 10°CIRIIC & 0 B HFREALIL SKWhE IR T35 Z L3 T&E 5,
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RSP HSATE T LY CC AL TE T £ TOREfH] 2 150 73225 100 Sy ICEfECE 2 &, &
FIFENLAS BOKWh/t TA35 & Wb TR Y . CC D Ed b D h I T A FEERE & 8B ) ALK
B R B D,

APEREMR L EEBRFOBEEEE 1 RO+ Z L AHRNIEEFICRE B
FVERTERBFDRDRE N, LMo TEEEOBRF 26T 5856130 IS BEE k&
B % SN RETh D, BEIEEEED O 7= DI 3IBEh XIS O 243 7 Tap-to-tap
RE & KD, TN a2 RBT_RHEUELIT I LEND 5, BEFERORAD I RIEL 2 2 |
HIlEL (= kL —HIB) 1272 5 O T, BEBEEOBDIZE = FOFEE LTLLIThh T
HHETHD,

9) EBABAOFEHESIE (BB EOR#EL)

BIE - BROBEBHEIIE =X ERBIH D Z LTV D T THAVA, BTN FHEAT
D) e Ea X MERBIZ O IENHHDOT, BATIEIZEAEDFICHRASh TN,

hy WHIKIZ X 2 EGEREL ORI

WEIKIZ X 2B RIXBERIFE OABD 10% 50 % HH Tk, ZORKEEBEEL &
IXBEXFORE B RRETH D,

JFROKRBIGIX, FOREL L UHP LOHEREIC K& < %5 L, KBIC X 284ELL BT
BRI DB TR LX =T -> TS, L LKGLEREZ BN L3 &2 mAEkic &
LEMERHEK U, BAFEALANE L L Tap-to-tap FE 2N EME CE 20 L H 0 | A3k
MEEREO RE LNE =R T —~D—2l/d L Ebhd,

i) Tap-to-tap Rffi & 7571 L BALL O BAfR
TSN D Tap-to-tap B[] & B RN OBMRIZFE 3.22-5 18T LBV TH D,

3 3.2.2-5 Tap-to-Tap B¢ & &EHIEBEA O BEMR

Tap-to-tap time Electricity intensity
180 minutes 550 to 600 kWhit
120 minutes 480 to 520 kWh/t

90 minutes 430 to 470 kWht
70 minutes 380 to 420 kWhit
60 minutes 360 to 400 kWhtt

3)  HERAEINIS X O U Ak
a) WRMBEKH
BRIFE 2 FEGRE L INEN-IRIRIF & A0 Z o T TRUF OMSRE R R HAZFF -85 Y v ¢
VYV VIFRS, AV Ty T EEGNMAT LY v T MY, AT Ty T ERRTELIA
NN - VAR L. TR AL 20% A HEEIC L7287 ot AN HHEREIRE S, CloHE
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ERIG L7 T2 R B, RIERERNAR STV 250kWhit BLF O SR 55 B
THAEMEWERDbIS,

b) HEEAANY

BRI AR KOS PEA 2 L0 IARBEIN AN R D, L L HAROEF T8 Tl
PEEARIY U 7K ORI L, B = 2 b O gl b E 2 EIE R0,

(3) [EIEINEMF
1) JERETEE

JERE TR IS (KLY b, T—A X T7) ZIEF CRTEDIRE £ TME L7205,
JERERE CTIERE L. HRIDTBIRB L OV A XTI LT 27 e XA TH D,

W RN L5 O AE 0O F BB SL 3 TEHH - #R4H - BRAA 72 & D 1L IREIERE S S KE > T 5,
¥ 3.2.2-8 12 1 RFMETFED 7 0 —[XB L OE = 2K A2~

~—  Improvement of air/tuel ratio

t-~  Improvement of recuperator heat recovery

L—  Extraction of billct of billet at a lower temperature
—  Improvement of heat pattern

I~ Hot cherge rolling/Hot direct rolling

l—  Improvement of heat loss, cooling water loss

L Improvement of heat transfer

| Improvement of production plan

Optimization of combustion air fan capacity

Billet T~

from Bloom —/_————l/_\_—\
Continuous !———]

Casting machine ] 1__[ ﬂ n D

Rcheating fumace

Hot rolling

Improvement of yield

Optimization of auxiliary cquipment, capacity
{cooling water pump, mill motor fan, etc.)

Increase of productivity

Prevention of idling

X 3228 FEIR7o—lATRE
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UT 1 WELETRTERLX—& b % < HE L TODIEYE OB = R0V TH
T2,
2) HREUGE - BIFSGEIC L DR

1 RIEE TR CEA T 2 =1L X —1%, BB 60%, 7D 2B RGN D TV D83,
HEE LOETRREE H T 72 O IIMMBYF ORRBHR AL ORI TH 5, A 3 v 7 LI
IS D BREHF BT 1T 450Mcallt & 882 2 [ AN 7> > 723 Biellt Tl 200Mcalit AT 47 A3 H
BLLTWD, 3 3.2.2-6 [ZINEF D BN SEH LB 27~ 7, difge AN EA O BN S D BHE 51T
L OB % p3-93 B)IRT,

# 3.2.2-6 MBYF OB ZFHEHI

Charged slab temperature : cold Example |
Charged billet temperature: hot Example2
(Example 1)

Heat Input Mcal/t (%) Heat Output Mcal/t (%)
Combustion heat of fuel 318.7 (97.6) | Heat content of extractcd slab 194.8 (59.7)
Sensible heat of fuel 0 (0) | Sensiblc heat of scale 2.1 (0.6)
Heat content of charged slab 0 (0) | Scnsible heat of exhaust gas 33.3 (10.2)
Scale formation heat 8.0 82.4) | Heat of cooling water 43.8 (13.4)

Heat loss 52.7 (16.1)
Heat recovered by recuperator (62.7) | ((19.2)) | Heat rccovcred by recuperator 62.7) | ((19.2)
Total 326.7 100 | Total 326.7 100
Overall heat efficicncy = {194.8 / (318.7 + 8.0) }x 100 = 59.6%
(Example 2)

Heat Input Mcal/t (%) Heat Output Mcal/t (%)
Combustion heat of fuel 168.8 (65.6) | Heat content of extracted slab 174.9 (67.9)
Sensible heat of fuel 0.3 (0.1) | Sensible heat of scale 3.1 1.2)
Heat content of charged slab 73.9 (28.7) | Sensible heat of exhaust gas 30.7 (11.2)
Scale formation heat 13.2 (5.1) | Heat of cooling water 41.9 (16.3)
Scnsible heat of atomizcr 13 (0.5) | Heat loss 6.9 (2.7)
Heat recovered by recuperator (16.7) | ((6.5)) | Heat recovered by recuperator (16.7) ((6.5))
Total 326.7 100 | Total 257.5 100

Overall heat efficiency = {174.9/ {168.8 + 0.3 + 73.9 + 13,2 + 1.3}}x 100 = 67.9%

INEF 2 RS2 &3y FREMERAD D 5, 2Ny FRUZEITHERRTER D b D 2 TN
T T REAERITEGA TR TH 2, EFNAFIZIET v oy — vr—F
=LK, U —F o IN—ZAARENDH D,

7y —RUTER E 32 < 150t LLF O/NREICER T STV B 08 KREUE 21T Y 4+ —
XU E— ARBFEDILTWNED, T —F o I — AR T IS 7 SRR S O O NER

BB ST b,

FOBGRZINT ST LI E U TIE, PE7 ABGERE DI OB FEERICRAET H2UE

3-88




1Y RRYPEEIRIF-EBRIBERE
BIRNF—HA1RI1Y

KDIED, MEHMED - JERERE & T 7170 & OSBRI LS S REVOABAD T2 O D72 D1
SNHBHEEDNH D, RELCHEIIITERU LICZEOMELZVLIEL T 5O THEENLET
o, MICEIERE (NBYFOARR) FERBERICEGZ DB LER TS 20,

LIFIZE =KW T %,
a) MABEZEXUL DU

IRBEZERE AW IEIC RO & & BT, FREDHIEEEE 2 P LIFsh o 5 oA

2R EE
HIIT %, X 3.2.2-9 122250 L RBHFE BN D BAR 2~ 97, Bl 2 IXHET XA 500°C TZER

15 #2285t 1.2 I FiF 5 EBREH A 9% T& 5,

240
230 ' ' _p
220 /
210 1 /
200 A,
190 ' g _ %/
& 180 S8
2170 )
g [ 1.8/
g o,
5 150 Aﬁ/§%
SR _‘ﬁ/ s
¥ / // oG
120 -/;ﬂ/ e
10 ) 2 adE
100 - 2
90 ‘ _
101.1121314151617181920
' Air ratio '
AR T T O T IR O B

0123456 7 8 9 10 11"
Oxygen concentration exhaust gas (%)

X 3.2.2-9 Ze& bt BRBHR AL O REGR

b) BB DFRIL

2R TR (L2 b—2) [ MeBESHENLD & % L HMERED AL LESEHR AL
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c) EiEHhH

BRI DR 2 X VARE CTHI 92 & BB EALS 23 2 S EBAREALIT ER 5
FHa7e 50T, WiE OFEE 0T, Rk E Tt 28I L, A=K 50N
Hb, ELZOLEAEAXY Re—ZICHERBEZLILERH D, b UIKIRE TH 3 AT
BE CTHIUITHIHIREILT 10°C%47- v 3 ~ 5Mcal/t F2E OBREHFR ALK B T 5.

Q) v hFr—Ukon

%ﬁﬁﬁT%M®Wﬂﬁﬁ%@®mﬁ%ﬂﬁ$ﬂi3mMwa~MOMMMm&VT%6

W2t L, BRGNS 2 APE L T DR bﬂ]i%%7f0i 200 Mcalfton LA T OB} HAAL T
%waéfkmﬁﬁﬂﬁ&<%éo_h BGEEEIE R (CC) TAEME XN - @il %2 %

DO F FFEIEMEVFIZF v — (Hot charge roning=HCR &\ o) L7220, & 2D WIIFEIERET
ZDOFEFELE (Hotdirect rolling=HDR &1 9) LTWAHMNHTHD,

Ry b F v —TrBFEMTHITYUT- - T, CC & MBVFH A I REN TR L TWD Z LNy
FLWIZ EIEWI ETHARWA, CC EJEERETIDOBICENH D DT 100% Ky hTF v —
?6’&1.%@%5 LMo TilE NNy 77 —HEL L CEEESEE L v b2 —IAY

RT3 DERIEAR v 7 ANERIT O T WD, RIBEAR > 7 RX, Wi o744 =227 L7
*ﬂ%zaOhﬁaf‘\ Ly hOHEADTZODBENARER I N—%2 AL T\5,

Ry b F v =PI L HE T R BT AR 100°C47- 9 ) 20Mcallt TH 5.
e) Jh - ArBAR B X A EMEL DB I

ORI SNAFIZHEDN NS WRER YT I v 7 77 A N—THRBENER SN TEY .,
W R MEN TV D & L HICERE L /NS L, FEND BN LESIN TV D,

BERRIF CL o T TIFRERHER SN TV AEETH - TH, FORNMEEZE S 50mm O+
FTIIT T AN FHEITEY DT AHZ LICLD ., HEE - BEE L 11T 30~ 40%FEE
BRSNS,

f) BROE B OEGEIL OB IE

BIOEA S D EIFNOBNIHESEE L CTRAMIRIT £ BET A b b BJERIZ 2 D D

T, WA TR AEE/ NS TH LI ICkET D,
9) WEIKN D OEGRLDRS IE

MG NEVE TR AT » R, T OmEARRBDNRENE AL O 10 ~ 15% % HH Tz,
ZOBHBERAEZED S LD AF y RO ZEWAGIENBE SN, FiFiTb b AA.
BERIF CHEH S, BVBRITERIL TV 5, FotkE %X 3.2.2-10 1277,
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Castable

Skid pipe Ceramic fiber
‘Conventional method Double insulation methad

3.22-10 RAFxy K3 7o _EWE X

h)y WFREEOZNRL

PO IZES LT (R 95%LLE) REED 2 OEKES (COpe H,0 D A S & S
(ZE END @R O RFEW TR L DEEBES) (XIS DT, Whbwd [HA
HRHE & (Optical thickness of gas) 2/ < & 24N H Y | BENIG CIZHEDOKE S DJF
NAFERLETH D,

L7 TRBEFRRNARBERHE SN TWANE I DME L, b LAE L TWIUTFERNIC
EEAMEEADHYBEZ T 720 . FORRELETERT LR EO L RPLETHSLH, ZD
R A A DNME FEA7E 0 TRV TR T o H ABEN TR > T TR EEEETE L L
TWAEELH LD T, WESTHOFNIEEE LD R L BETT D MLERH 5,

i) AMRERIC X AEEL ORI

INEF D225 72 EDEBNHE EITATON TV DG, &2 & O bV fiH o EGE L
(Uh) THFEHERIE T D Z LN TE UL, RBHRBAZIZ 2 D RO L~UUCHERF T & 5,

Uin L, BRSO TIATHO TR L OBIRA b, IS Ry IS T
WEBEBRNPSTY, RIEIRA LT &5 2 BRV—ARRET 5, 0T wiER
T OPREHEAL A U< BB 125 2 LB D,

ORI BB EAE LB BT OERZWY RS T 7 v a RSBV | AERE
ZDHDDERSENLERGEGHET D,

Bl Z0E, At O THe & AEpERE DR ZAT R o720 BiEOTIRRD &7 7 VKR AT
D8I KD, MBYF A FHEAYICHZETE 2 X o IctFE L, GREnBE o REL - HEJLTE
ZEDERT HRICT D EBRFHEALI RV A LT 5, ERELET A B8 (Leh -
TIMBSF HEELT A V) o> TWAWAREZE-> TW DA, EiiskiEix (i oL FERE
NEEIET A DEFERNIN~ v F LIRWENELL, HOHELET A B LIXLITELEES
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TS TERWERARGE DR L bMBW OWEW 28 7 I v 7 7 7 A N—=ICBEA S
FOFEICL Y BEEAL JOEBHERZH L THEOXNRP A AR TH D,

3) HEAARINIC L HE xR
Q) FEBRXNR—F (VPR T 4T N—F)
TR TPRIENE L U 7 L — ARKETHIUTERR A —F O E 2 M 5,

VxR4T AT N—=F VAT ML, EBRZNET D Xt L7d AB2HEDNA—
T BHRMIRR CEABE L AN A AZHIZS W2 T LTk, 38T MNeiETH
IS b T, 85%LL EDOIRERNR (PEAZEKIREN 1,000C2 2 5) G55,
AT A= AREE . B N—FIHER D72 0 A R—F DT A L B A—F DFER
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[ 3.2.2-13 |2 LR O =5 5 2 s L 7 eI EF O B O RS0 27 T

Fuel combus-
tion heat o
_ Scnsible heat of preheated fucl gas
Q0% 124 %
- ==
{=10.24 GI1)) Sensible heat of preheated air
21.07 %
Scale generation =
heat
3127% _ : ;
_; Total heat input
127.58 %
Heating fumace ' ) Stack
W
21.58
Exhaust gas

Air recuperator

10,77 % .
Ileatlussrrommﬁ;maec I:od:.r
[leossduclommoooling : 6,64 %

Recuperator for gas

Heat loss from the furhace wall : 237 %
Heat loss from the openings  : 1.57 %
Heal loss due 1o flame emission: 0.19 %

Sensible heat ol :
heated billets 0.84 % ;
W Sensible heat
of scales
. Heating capacity: 300 th
. Billet (slab or bloom) to be heated: 250 Tx 1,200 W x 12,000 L
. Effective length of a furnace: 38 m
Load on the fumace floor: 700 kg/m™h
Heating temperanire: 30 ‘C - 1,200°C
Fucl: Mix gas
Excess air ratio: 5 %.
. Preheated air iemperature: 620 * (hefore the burner)
Preheated gus temperature; 250 * (before the humcr}
10. Exhaust gas frori the furmace bottom: 800°C - i : : :
i ﬁsmounl of reduction due to buming: 0.6 % : ’
12, Fuel infensity: 10.24 GIA 2 Source: Handbook for Industrial Furnaces

" (Published by The Energy Conservalion Center, Japan)

PPN AR

X 3.2.2-13 Ux—F 27— ARINBYE DB K FHEK

A A T2 Q1S) ITITHEN 2 DIELEE X OB O A B Oz, ROFEEO R K
MR SN TNWD, PETADBEKREDFHEFIEZOWTIEL, AA TOETXHTA FF 4 1T
T

— HMBED D O BN

— JER O DN

= B D G T AR R EA

- JPBAFLER U R B

Q) JFiAIS OV E HoHEL
a. JBERS JLOYHEIE D & DN
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BV S SN R (h) xSRBE RIS (m®) x - (i1 K 5 B oR (kd/mPh) +
SHC & 2 R s [kd/mPh] /SR & () [kI/t-544]

HCHHZ & D FHE o

ge (kI/m?h) =g x 20.428 x [ (Tw/100)* - (Ta/100)*]

SRR IS & 2 BB BRI
- BEAKIE L E o - gc (kI/m?h)=11.721 x AT
- BENSTEEREE X O qc (kJ/m?h)=9.209 x AT
- BERKE TR E 0K - gc (kI/m?h)=6.279 x ATH#®

WL - TRD B,
Z 2T,
€ JR R Z T D U 32
Tw : EEIRE (K)
Ta: =R (K)
AT : Tw-Ta(K)

b. JIRD B DFEEN

JFIRIN O O BBENIIF RIS IS &> TRZR 20T, MERFICES LEEZ LR
b, BlzIE, Ut —F 07— AZUMBYFE IR & O XIS & 2 oA E I X ATR

ATEDOBENKEFTHED L EDORICE - TRODDLZ ENTX S,
7o, a7 U — MIUDHEAR IR TIE

B S FEHERFR (h) x P PR HRE (m?) x AR &3 U C e doi 2 8 (kiim?h) /

PR E B (1) [kIM—Hi44 ]

SRR %08 U C kb o B i,
Q=3.599 x S x C x(Th-Ta) /D (kI/m*h) iIZ L » TR 5,

S JFIROBIRIC L > TEE 25T, M 41, EHE -45, RWEHE -38
C: SR D B8 2 (W/mK)

Th: HP A T 9 (K)

Ta: =i (K)

D: PYEE T IR (m)
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b) 4FBH P T A HR A
B 7 FE i S R oo B OV RERED () x e T A B (mPNI) x (g T A D -3 L
(KIM*NK) x e 77 A O E (K) -FEHEIRE O e 77 A O (KIm®K) - x
FEVEIRE (K) ) /8RB & (1) [KI-8R1 ]

e A B,

G = x 4,467 x (273/Tg)*° x (Ap)*® x AMN/h) (2 & » TR 5,

y—iy
NER TN

]

a:
Ap :
Tg :
A

T O O X DR CREIRE IR Z f &9 iuUE. a=1/(1+)
B Bl 1 AN E (Pa)
Jikegs 77 AN EE (K)

BH 101 1 4% (m?)

c) PUNSFDOERA

JIS 1T K B EE IR

HEOHAXAESRE L LT, #3227~ £322-10 2577,
# 3.22-7 FEHEE

Company and factory names

Address

Name of reheating furnace manufacturer

Reheating furnace No.

Rolling

Type

mill

Nominal capacity

t/year

Major products

(N0~ W|N |-

=
o

[y
=

12

13

14

15

16

Reheating furnace

Type

Nominal capacity

t/h

Effective length of furnace x furnace
width

mm x mm

Dimensions and material of furnace
body brick and heat-insulating
materials

Kind of fuel used

Type, capacity and quantity of
combustion equipment

Type and capacity of ventilation
equipment

Type and heating surface area of air
preheater

Material, dimensions, mass and
heating temperature of standard steel
products to be used as a basis for
nominal capacity

Mm, kg, K

Remark: With regard to the items 10, 11 and 15, a simplified diagram of the vertical and
horizontal sections of the furnace (including the dimensions of major parts of
the furnace and preheater, the kind of refractory materials and major
measurement points) should be attached.
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# 3228 #®BET—HXUR}

1 | Operation date Date
2 | Description of operation time Heating Heating Heat Shutdown
raising holding
h/month
%
3 | Heating ton t/month
4 | Ton per heating hour t/h
5 | Average mass of typical steel kg
products (Maximum and
minimum range)
6 | Average temperature of hot K
charged steel
7 | Hot steel product ratio %
8 | Fuel consumption kL/month
or
m*/month
9 | Lower calorific value of fuel kJ/kg or
kJ/m®
10 | Heat intensity per ton of steel MJ/t
product
11 | Work shift status
Remark: 1. Definitions of operating time shall be described as follows:
Heating time:  Time during which a steel product is being extracted; that is, the operating
time of a rolling mill.
Heat raising: ~ Time required for the furnace to be heated up to the temperature when
extraction can be conducted.
Holding time:  Time during which extracting is stopped due to a failure of equipment other
than the furnace, etc.
Shutdown time: Time during which no operation is performed (including the time for
periodical repairs)
2. Definitions of steel products treated as hot-charge steels should be described.
Remarks 1.  Definitions of operating time shall be described as follows:

Heating time: Time during which a steel product is being extracted; that is, the operating time of a rolling mill

Heat raising: Time required for the furnace to be heated up to the temperature when extraction can be

conducted

Holding time: Time during which extracting is stopped one to a failure of equipment other than the furnace,

etc.

Shutdown time: Time during which no operation is performed (including the time for periodical repairs)

2. Definitions of steel products treated as hot-charge steels shold be described.
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# 3229 HETFT—FVU R}

1 Measurement date and time (hours)
2 Person who made measurements
3 Weather [ Atmospheric pressure Outside temperature | Ambient temperature Relative humidity
MPa K K %
4 King
5 Soaking zone upper part Consumption kgl/t or m*/t
6 Soaking zone lower part Consumption kg/t or m*/t
7 Heating zone upper part Consumption kgl/t or m*/t
8 Heating zone lopper part Consumption kg/t or m*/t
9 Preheating zone upper part Consumption kg/t or m*/t
10 _ Preheating zone lower part Consumption kg/t or m*/t
11 L"L:’s Before the flowmeter Pressure Pa
12 Before the combustion equipment Temperature Pa
13 Inlet of the preheated Temperature K
14 Outlet of the preheater Temperature K
15 Before the flowmeter Temperature K
16 Before combustion equipment Temperature K
17 Mass or volumetric ratio of each component kg/kg/ or m*/m*
18 Lower calorific value kd/kg or ki/m®
19 Kind
20 Soaking zone upper part Consumption kgl/t or m*/t
21 Soaking zone lower part Consumption kg/t or m¥/t
22 Heating zone upper part Consumption kg/t or m/t
23 IS Heating zone lower part Consumption kgl/t or m*/t
24 g Preheating zone upper part Consumption kg/t or m*/t
25 < Preheating zone lower part Consumption kg/t or m*/t
26 Before the flowmeter Pressure Pa
27 Before the combustion equipment Pressure Pa
28 Before the flowmeter Temperature K
29 Before combustion equipment Temperature K
30 Soaking zone upper part Consumption m/t
31 Soaking zone lower part Consumption m’/t
32 Heating zone upper part Consumption m’/t
33 _ Heating zone lower part Consumption m/t
34 kS Preheating zone upper part Consumption m/t
35 § Preheating zone lower part Consumption m/t
36 | @ Hot air blow-off amount m/t
37 | Before the flowmeter Pressure Pa
38 8 Before the combustion equipment Pressure Pa
39 Inlet of the preheater Temperature K
40 Outlet of the precheater Temperature K
41 Before the flowmeter Temperature K
42 Before combustion equipment Temperature K
43 Consumption m’/t
44 S Temperature K
45 2 Pressure Pa
% | & Oxygen purity m’/m?
47 Consumption t/t
48 | = | Temperature at the inlet K
49 S & | Temperature at the outlet K
50 | S S| Pressure MPa
51 o Furnace bottom temperature K
52 = Temperature at the preheater inlet K
53 ‘€ @ | Temperature at the preheater outlet K
54 | S 2| Volumetric ratio of each component m*/m?
55 Average dimensions (Thickness x width x length) mm X mm x mm
56 Average mass kg
57 Mass meter for charged steel t
58 - Mass meter for extracted steel t
59 é Mass meter for steel products in a furnace at the start of t
<t measurement
60 ; Mass meter for steel products in a furnace at the end of t
& measurement
61 Average charge temperature K
62 Average extraction temperature K
63 Amount of reduction due to burning kg/t
64 Average in-furnace time h
65 | Furnace Internal pressure Pa
66 | Surface temperature of each part of the furnace body K

attached.

Remarks: For the measurement method for item No.66, a simple sketch of the furnace body should be
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# 322-10 BUNZHER
Heat input Heat output
Item MJ/t % Item MJ/t %
(1) Fuel combustion heat (8) Heat content of the extracted steel product
(2) Sensible heat of fuel (9) Sensible heat of scale
(3) Sensible heat of combustion air (10) Sensible heat of exhaust gas
(4) Sensible heat of atomizer (11) Heat loss due to incomplete combustion gas
(5) heat content of a charged steel product (12) Heat carried away by cooling water
(6) Heat generated by scale formation ;
(7) Heat recovered by the preheated ( ) (_ ) | (13) Other heat output
o Heat loss due to radiation from the furnace
body and the flue

o Heat loss due to gas flame emission from the
furnace opening

o Heat loss due to emission from the furnace
opening

o Heat loss from the piping for preheated fluid

o Heat loss due to hot air blow-off

o Other heat losses

(14) Heat recovered by the preheater ( ) ()

Total 7 7 Total
1)+ )+ @)+ (@) + () +(6) I I (8) + (9) + (10) + (11) + (12) + (13) I I

Remarks 1. For entry of heating values, MJ/t should be used as the unit, and the fractional portion of the number should be rounded off to

the first decimal place.

2. The percentage should be rounded off to the first decimal place.

3. "Heat recovered by a preheater" means the circulating heat based on the temperature and the flow rate before the combustion
equipment.

4. Other heal losses should be analyzed in as much detail as possible.
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