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Abstract

High-quality special steel for bar and wire rod manufactured at Muroran Works, are mainly used
for critical automotive components. To meet the required level of performance, it is very important
to maintain the strict quality control especially regarding non-metallic inclusion and surface
microstructure. Further cost reduction based on stable operations is also necessary in order to keep
competitive against overseas manufacturers. This paper describes operational improvements of RH
degasser and CC (Continuous Caster) which are important processes to make high-quality special
steel for bar and wire rod as an example of such efforts. Although refractory trouble of lower vessel
and snorkel in RH degasser had sometimes occurred, introducing online refractory inspection and
repairing technology stabilized refractory conditions, which eventually keeps the steel quality high
and increases productivity by longer sequential casting. The optimization of secondary cooling pattern
for each steel grades and the microstructure control by tertiary cooling have been developed. The
steel yield in steelmaking process has been greatly improved by enhancement of the surface quality.

1. % E export
/ (80%auto:
AR () SR, 2 7 - S v b el corn | oo | (—
FBIH T~ SRS A IR LT ), BT 2k .
OREED 7 HE HBENT A (B 1), 4, 2 purpose

T B HE - 7 U T REENS B B R A — T — L35

LT 7212, ZDEVL XV TOmEDERE LD

9%

construction
—[BOI A MREASLIHTH %o TS, EAIMIERE T ﬁ CH - cold

machine -
HBHIFN N7 L= B TEINLER S 0121, s Mmished

HEYE T ISR SN LG G GESRENEY (BT AirfE
Yy L W) BRI, RIS OmiIHERR - g ATE R

X1 ERRKATEEAR
Products manufactured in Muroran Works

*OETREAT BUEE RMBATER JUmEEEWAET 12 T 050-8550



FERBERFRIC B T 3 EIRASRSHRERSRNT ORSE

Thbo

S5 T L PR IT AN T (A — USRS SR (LF) — B2
A (RH) —#ifiEdkiE (CC) - HERLED T TRIELZ{T-T
W5 (H2), HiEoity, MEERE - WEDZDIC
RH ERFHALIE 2 S0 LT\ 578, 5 e LB AR K
NDF A=V PRENTDOM K ST TN %o 7
D72, TiHKWEEVEOMERD B TH - 720 ZOxHKE
LTRHZ 74 VEMBIGEEOEA L, REEZFIH
L7zers# Ic D fA S, T2, CC TRIZBWTIE, i,
RFEITE { FEET B8R ORMIEIZ X 2 BEAR ISR
Lo TWwiz, 22T, CCIIRGH, BLOSHTELRE
DZ=REHOFGELIZ X DI DOWTHY) FA 7,

2. RHEREZRTEIICLZE5FHAUSESEEL

2.1 MEROBE

A B3 2556, WS TR TH 5 RH OFZE
YED IR E B E 5 2 50 [HE G ER O
68%7HRH 77V Th1) (H3), TOHND 66%E RH i
KNS 7N THo72 (F4)s RHEAKY b T 7 VILIRE
TCEICTET B KBLTED & TEECRIZIEET A8k
BeARER - BRILO ZFEBIC KRB S B, BEETH KT E L
fif K (BRALY)) OESHNORADIG S S, TR
FREC BT, AV AR & B BRI B R0 15 L 2
BROMAT A D& SN Do 16> C, RHMKYOEESME:
MEFF A DA A8 78 5 C 3 2 1% 18 0 B35 1 2 BT R
Tdhbo RHDEELIER 5 IR T . EHESHTCld+
754 VHE T TOP T ¥ A% I\ 72 78 N A 35 Hb 4 7
(TOP ¥ff#) ZHEMTH I ENTE S, TiMlis X ORES
D T TNWVEEROM Y % A L 7R L e R % X
6 1R, TEME NS 7, BERIH K OEENE L <
IS RH SREANEFNELILEEICE ST b, ZEE b

—>| blooming mill

| BOF }—9‘ LF RH cc
*NCR:220mm0O
~THB:350 X 560mm

X2 =S 0Lt 0—
Steelmaking processes flow of Muroran Works

etc.
18%

air

17%
pos [| skull fall,
| melting

trouble \|  17% .

14%
RH

trouble
68%

3 ERHERER
Cause of degradation of clean steel
trouble

leakage

steel wall
heating

25%

X4 RH kT JILiESRERERRAER
Breakdown of degradation caused by RH

collapse

77V, RHALHRC X 2 S7s i B A & IRLBRE i
FERE N MR DR S, KO, DUEIC L0 B
L, MKMbiEICE o7 e e L7,

22 RHAL A HEBREBEA

Bk L7z RHTAY N5 70V % i1l 5 72 (233
ORI AT, BRI BUETH LD, &
EHFERETE BT (RH OO T) 250 B STl
FEMZ ST E Y, FLARTORBHIN 2 SR sh
TWizo 22T, T KWHiE )7 k0@ AL 72 OEE 1
M b x By & L7-BiZ %68 (RH 4 >~ 7 1~ B Bl %%
) EADORR L FEHEENDEFGII OV TR D,
BB A F M 104720 e, MR
PREMUGE, A MGEOWU T EE 2 72,

iz, UTo=gzE ML,
OBIg BB EO =R B L

@] BEIR L HEFRIL A

@REE B

RH % > 7 4 VBB BIZE T, Bl 7 — & RICREE S
NT-PIBIE 7 A T LI EEVVEBIZ A A 712X ) RE
ENWR SN, WRIEEMEE PC IS T A AT\, FRIEE
EopiclEns (A7 (). WEH A7 TEEENMT
EREBIET 57202 EE | RISK L 3 B TRIGEZ 1T\,
REENHOEHABETELL) 4B AT HHREL
TWw5 (7 0)e I ATIZIZETY, B BIUHENS
DOIRERREE LC, REE, WEY I AZERALZ (K7
(c))o RHA ¥ T4 VB BILENEOFT ERE I 1L & T
70s FEE L7z

2.3 A b5 TILRED A H =X LIEE

RHIFKWIBEHE N7 7 VORI E LT, BREOFEELE
SURRIZ X BT OBILAZEIT b G, 22T, iKY
BAEDOREB L OMEIZOWT RH 4 v 54 v Egs
BExHOCHEMIHE L2, 208, 3Fv—Y (CH)

\

-
Top lance

Upper
Vessel

11}

Middle
Vessel

snorkel CcOG

-

41%

Lower
Vessel

v

. Snorkel

0600

5 RHEBIE & B
Schematic view of RH vessel

B A& # g B W #4145 (2019)



ERREEFR IS B T 3RS RS HRERSRM ORSE

Image of erosion and crack propagation at lower vessel and snorkel.
- - {— - | - -
erosion erosion erosion
crack crack
/ P crack
Refractory erosion Progress of erosion Red heat of steel shell
Occurrence of crack at a joint Propagation of crai Refractory collapse
\

L4

Example of hole opening Example of collapse trouble of
trouble at lower vessel snorkel

6 RHMAM T TIVIAE & EREE
Investigation of refractory trouble and cause estimation

(a) i- camera for snorkel 1
1 outer wall inspection ;
Blue color: [
RH online El D
inspection i ==
field of view : camera for snorkel 1
P outer wall inspection |
redcolor [\ @@ = TTTTTTTTTTTTTEmTTS :
ordinary inspection
field of view R —— -
(about half) ! cameraforsnorkel 1
Pl 1 inner wall inspection i
e i e e
Cu RH /,..\‘ _________________ .

e 1
I camera for snorkel :
! outer wall inspection | l._2 ________________

operation room is by human eye

I inspection of snorkel outer wall from

! I L R

1
i 1
operation PC  monitor X

room - e e Em e em e e o

(b) (c)

ordinary method after introduction camera /
(human eyes) system

e

Heat resistant
glass

photograph of camera protection
mechanism

camera

camera case

“[ontya partof BaliiaWlsiile W
% snorkel lower all of the inner and outer
end B wall

7 RHF> 51 BB EBIRE
(@) RH #> 71 > HEBREELHE, (b) REE SRS ELR, (C) IR D A F{REMKIE
Schema of RH online hot inspection equipment
(a) All view of RH online hot inspection equipment, (b) Comparison of inspection of snorkel, (c) Mechanism of camera protection

H A& # % B W #4475 (2019) —70 —



FERBERFRIC B T 3 EIRASRSHRERSRNT ORSE

H& 7CH HTRRDPRESEITLTWL 2 bR, &
H5IZH 3B L TRD 2 DOEMAHER STz,
 Hij CH WLEEHC TIREE & Ik CH ALBBHIGILE DR E W
o JLFREFRRRIRERH DS R

His, %”"@klﬁmtcﬁﬁﬁ I KW 2RTH & A O 7S
KEVHAIELLET 2 D, X8 I ZRZMEEEE & iR
7 (‘('ﬁﬁﬂ-fﬁﬂx%%ﬁ) DERE R T 2D 50T % 2
5 EBANMPBEEIRD, REAEDPRKEVIZEBEOMED
KEWZEDbDoTze B QIR His A #EIZ L 5 a5
e t%’”ﬁi)ﬁi_ﬁﬁ)ﬁﬂﬁ%*%%??o FORERDS, B
FR S OEEUIIE U is IS A E 2 3R e L 72,
. ’”E‘é%‘aiﬁK 0.4 - IRfF T HHIER L. BROETE

1 ZIT5ECF IR BE

o BAREIIEES 04 - EAMIEER. BEMEIHIA

i

SRz OB, LI THEEELTEEL TV E720
BRI KA OVEFR DO HEST 2 BREE L 7GR, TOP & % it
FRIE MR D R W S B B E T3 6 2 &
WS E o720 2T, TOP EMEREE IS, —

0.12 e
010 [
s
005 el
004 il
0.02 Fropdg

0 25 50 75 100 125 150

ress speed index

crack prog

temp. difference of steel and
surface of refractory (°C)

8 MA#ZFRE LAMEEZE & BRERRE DR
Relationship between temp. difference of steel and surface
of refractory and crack progress speed index

Oordinary(no repair)  Espray repair charge
0.12
0.10
0.08
0.06
0.04
0.02
0.00

crack progress speed index

00 01 02 03 04 05 0.6

crack length index
before treatment (-)

X9 KEFIIHEEREICLIBRHBEREZ(L
(K #smE & AR = =100C = 20C)
Effect of spray repair on the crack propagation speed
(temp. difference between refractory surface and steel
=100°C = 20°C)

DRI % 45min BREEICHIZ 722 2 A, RH TEbED
MKW ST TIE 2B ISR LI ENTEL LIS
o772 (F10),

24 AEREBAEZEEICE DR
REEEDOEAFHO RHTF A N7 7TV ZE A1 |
TR o ARFEEE AR, RHIFAY) N 7 7 WEFE L Thie vy,
2258 b T T NHEL %2 5722 & T RH FEBIbZ ar i3 5Tl
Pz E L7z (K12), 2015 4EEE & Ll d 2 & BERE 2T
#110% 384 L (K13), KW 7 7V a2 FmLEx K%
L T2 b DIZE LTI, F¥ T 4CH O 4 38N

1.4
1.2

1
0.8
0.6
0.4
0.2

0

vessel trouble (%)

occurrence ratio of lower

30 40 50 60 70 80 90 100110
average top blow skull melting
time (min)
10 TOP jBfZRFE & RH TEREMAM b5 TIVRERD
Bk

Relationship between TOP melting time and lower vessel
trouble occurrence ratio

O snorkel . lower vessel .upper-middle vessel

after start up of RH online
inspection equipment

occurrence ratio of RH
refractory trouble (%)
(=] (=] — — [3°) (33 w
> & o & o o o

2012Fy  2013Fy 2014Fy 2015Fy 2016Fy1Q

11 RHAS b TIVREEDHRE
Change in RH refractory trouble occurrence ratio

680
650

RH lower vessel

planed lifespan of
620 lower vessel = 650

BOD [f ] e
560
B [
500

lifespan of lower vessel (ch)

2015Fy 2016Fy1Q
before introduced after introduced

X 12 RH TEpiEHan itz
Change in lifespan of lower vessel

B A& # g B W #4145 (2019)



ERREEFR IS B T 3RS RS HRERSRM ORSE

[management standards  E] CC trouble
BRH RH refractory
25
S 20 [ e about -
c = 10%
5 ‘é 1IN w0 it ) et
© ~ 10 - - -
55 "
E SR T e e R o I I
T o
0
2014Fy 2015Fy 2016Fy 1Q
13 iFFH—iRanfErR R

Change in degradation ratio among the 1st class of clean
steel

ER L 720

25 RHMA T TILIEDE &

e I 74 5 C b 2 WA FE 0 AR R Bk 8l D 3 5
K NDFT A—=TPREL, BT DMK~ T 7 Uh
METHo70 RHIFAW N T 7 V%A T RH F ¥
A VBMBISREELZEAL, T 7VEKNORL L5
RERL, DT OmREEL,

1) RHA Y71 v #f@l5EIL, RH

QW YV o2 EBIE e,
2) RHALEE O SRIZBE L€, PIF=HadE L7,

NEEEDOREMR - HRE S THREZENTE/ETE D

X7,

o BT P S5 - - UM RE I 2 FE SR ) 9min A HELE R

& 3min F CHEAMTE72,

o TR R R ATRRIRE R AR LS K D R R A B

& L7 FEEEM A IS T & o,

3) RHTHKY b5 70N CH DMK & SRz RE - Bl

AL 72

o MF KW R RN K T 2 D 54T 5 B TH D),

U KW FR TR & IR DFEATR X T &

L, WA cREMMEL IR T X 5,

72721, BENIHT AMAHT RIS LIRS L9 1

BRESICL > THEPRLR L7720, BREESEY>

0.4 TIXFIEAMEZEE T 5,

REEBLOTH

BARE UNBIDECZES FIE
BARSIRE=04  BAEMERIL WA VY A1
BAREH>04 ARMERE  FHEARSER

IpRANTT

o« BRBZAREN - LRI EE SR 25 2 L2k D 5
AT Do B SIFHI X DI 4 IIEEDEIT T A,
TOP &2 & ) RIEIZAEAT 9 50 TOP ¥ I i =
45min L TAHZETTHE N T 7= 02%%EK L 720

4) ERC 1D ~3) OFER, FrNEHEHE 10 %R0 2 8 L,
RO ACHIINE 5 Z EDITET2,

H A& # % B W #4475 (2019)

3. hMiE I — LORESENRE

3.1 #3CC A#MERL 7O+t X & FESE D4FH

X 14 12EF R TH S 3CC OMEE RT, 3CC LW
T A A[]220mm 12T2 AT F(st) x3 A b1 — 24 (str)
D 6 Rk E IR L T b, K7+ A% LT, NCR (Near
net Casting and compact high Reduction) &I-3%, F7:[X 15
123CC OIS FWELE TCHOT UL AT H—%RT,
ZIREG TN DT IR E LR b FLBI A bh 1 2 H 91285
R & KABIZIRIE S A iziEs A (LUT, DB=Dipping Bath) &
22D 2 NV— DB Do

A MEDOFEAEBEINI R R L NIV T EIERDNDH D,
16 128 eSS4 T A ONR % R X 16 & 0 A
PED 5 EFGIHREMTRAELTBY, oDz UE
G E L7z BT IZE R BT 534S L 54k
WHEEZ R mREHTRAE L T LMo EIZEI
FLRE & FEEIAVIRIED 2 DD /8 % — V2RI EN B, H
18 (ZFLIRE & HEBAVIRBE ORI FAARE SR, B & OV A
OFAEHE (LT, Vo) FORERMOR#MERT

3.2 FLikfEcE DY) # A
321 FLRBDRE X H Z X LHTE
T 1 IALIRGEA 58 28§ 2 KA O R 27§ 4L
WikldmREmERMTROIEEELLT L, R L (LT,
LD L CTHAS B S RED 3 7 kB O#E R,
BEREIELN, BEEAHRORE I W00, A ToORE
R EATERE S5 728D CC RN~ BRI Toe4 L 72
WTHhDEEZTz LRBEDFEA TR % FiE T 572012

=
5%;/— secondary cooling
‘@@; gas cutter

Pre)

‘>

14 EERGPTERHEEEOME
Schematic view of Muroran continuous caster

3rd cooling
CC gas transfer dipping L air
cutter machine bath } cooling —‘
L heating hot blooming
furnace scarfing mill | refinement

X 15 CC~p#HEZE7OEXH
Process flow of CC-blooming mill



FERBERFRIC B T 3 EIRASRSHRERSRNT ORSE

WELFEMMENZ BT B As cast TOHEFFFI 2 BIEE L7265 R JEDORAEAEE, A5, HEAROMALAEKRTAEL S

LI ICENA R R SN2, 19 12ZF0E R, K20 12 EEZOLND, BARLYIZLD EHERIRILDOER E LT

WML I 7 i EEZ IR, Nb(C-N), AIN, BN &\ o7z p BT HII R » B AU IR -
X120 X OIHyFF QZHTH L7z o #l) 123> TEINZ & THIHT 2 7 4V LIRENT 7 =5 4 M2 X DR b )s A
IGBWNIEIREZRLTHBY, ZogEnpiehtzl, 53l LbELTwh,

JEIERE AL U IR o THISEWEIRA LR 5 2 & TIL

Whe L %25 L% 2720 ZOFLIRIEDR T L 2 2E UL LA 3.2.2 FLIRME S A BB S DARET

\ZERDD 05 CCEBRERCTOMITHBIETIC BT 28 X 21 ([ZEREERMO 7)) — 7 VB R & "3, CC

16 SR EOFEEMEANER (RFELANI) 17 SRFMICH T I REMMAE ERAELE
Occurrence of surface defect with carbon level Form of surface defects causing with high carbon steel
hole like longitudinal crack like
appearance of
defect
surface
micro photo.
White arrow
part of photo.
deep decarburized zone
solidification [
surface iR
delay £
White arrow 2gum B
part of photo. no solidification delay at crack origin
Steel grade High C, Cr, Mo steel
high Ve
Major o=
occurrence
condition
tendency to occur at low Vc

18 NCR &xM THET 2 REMDIFE
Characteristics of surface defects occurred with high carbon steel

— 73— oA # 8% B #® #4475 (2019)



ERREEFR IS B T 3RS RS HRERSRM ORSE

F1 FLRERERTREEOILZR S
Typical chemical compositions of steel grade, hole like
defect is remarkable

Steel grade %C %Si %Mn %V | Nppm
High C,N 0.43 0.25 1.37 0.087 92
cross sectional

photo. position

X 19 FLURESRESMOSFERFREA L BEE
Photograph of hole like defects on the L surface

surface s

X200 HBRENEEIVOBE (F142—-IER)
Micro photograph of crack (nital etched)

100

80 /'\=/.\-
< 60 .//
;:(' 40

20

0 . . . . . .

750 800 850 900 950 1000 1050 1100
test temperature (°C)

M21 BREERWOREEKEDORERT ) —TIVEER)

Relationship between temperature and reduction of area

W RS IR B0 2 a3 2 B B 8 iR & WA o 724G
B 900C LUF Cliefb$ 5 2 &A% h 5 72 NCR # D34,
SRR L R L Ca—F =TI HOZES
ZIFTTCIEEFHFFIRENPK T T2, 20720 FLIRIED
SEE & S A 7290121 CC M8 IE 5@ LT T —
F =% 900C LA &3 5 7-6, L HHREOME% 980C
URETEUEDRDH D, ZOFRMEEERT L0, ik
WHNY — > ORRZSIZHU) AT,

323 HRAHISZ — > DRER

1) WAKREEB IS HH /Y — > DG
K2ICEAIREGEI Y —12BITA, £ Ve ZEDHk
&

wogk Fo# 445 (2019)

R2 BIRAHINZ—, Vo ZEDLKE L RE
Cooling water supply, 2nd cooling and Vc pattern and tasks

. New
Casting . Ultra low .
Ordinary . cooling
. speed cooling rate
Relative water supply pattern
High Ve | Large Small Large
Low Vc | Large Small Small
Casti Ultralow | "
astin; ra low
Tasks (standard) Sune Ordinary . © cooling
speed cooling rate
pattern
Lowering machine load | High Ve O X @)
heri .
(atmosp erlﬂc temp. Low Ve o o
= 200°C)
Higher billet temp. High Ve o) 0 o)
L surface center temp. at
unbending point = 980°C, Low Ve x © o
O: Applicable, x: N.A.
990
2
:E 983
2 980 |---- target980°C
5
52
ko) E970 —
5 S
o o 961
8 90 | —
b=
=]
]
- 950 . .
Ultra slow  Ordinary New
cooling pattern pattern

X122 FHaHl/N2— EAROBIES L BPRIEEE
Temp. of L face center at unbending point with new
cooling pattern

B EE (B3 — VSRMERE R S RHili 2 52 0E) 2783

TERD ZIRGHINY — 1 Ve I X ST IhkEN—EE R
HINEHFTEN TS, L LitkaE—2E2ffcldo—

WARB DA ), Vel X D8R IESEPEL 5, ©

DIzOH 8 — d i & 3R AR R O A7 % X -

T, @ Ve FIZBW ek /Xy — v LD KR L L,

ﬁVcﬁ’ﬁwfuﬁﬁéﬂywytﬁ%mwmit&%
INZREET L 720

2ﬁA9—/®%“ﬁm#%

P8y —EHICEY, FRAIRE 2 RIRICHHITE T
B0 FEEENTREE 200C %2 KIFICTRS X )12k o720 —H
X 22 |24 R EGHIIN G — 2B DK Ve BEOFFIE A L
B R A R §e #7838 — B X0 fER Y
Z— L0 b 20CHIRMIZHER L TEBY, 980T L%
T &7z B 23 12H17 8y — @RI OFLIRIEFE A= F5 5L
DILEHERZ RS, B/38 — U ZHHT 52 & T 93%EF
SRR L 72 2 & 2 RERE L 726



FERBERFRIC B T 3 EIRASRSHRERSRNT ORSE

3.3 Mt niKEeeEDR ) A

3.3.1 MEEINIRBEDRAE X 71 Z X LHETE

3R 3 ICHEFI LI FEE S B KM DR 2 7R
e AVIRHE AT b F84E L 97\ i Cr-Mo i 12B L C,
DI R 2o [ 18 A MR AVIAE D # i K I 55,
BIOHEENLO I 7 0 EREZ/RY IZIROKFE L LT
FHAENAR o7 RWENTH ), FNEESIE 1.5~ 5.0mm
FERE & BREER . R Z D o F72, FHEIEZEAmIC
T % %o 24 12 NCR DHLY) S\ & FHID YRR IR o
b str DF EBEES S A N (BLT, W) TENSE
HERDE I D B o

100

80

60
100

40

20

Index of hole like defect
occurrence (°C)

7.3

0 .

Ordinary pattern

23 FAHNZ - HERIC & B FLIRIESREDR
Effect of new cooling pattern on the index of hole like
defect

New pattern

=3 MEINRERERRBEOR SR
Typical chemical compositions of steel grade, longitudinal
crack like defect is remarkable

CCHEN~MBYARIZB VT, K1 FEIZYM 2T
AN 2 E AT AL, MEBIAVIRIE | 285 P B & OB -
R\ L 72N EADRRTH D L HE LTz $H D
BURE % AT, DB RO Rk Z BlEE L7,
X 25 (23 3 OFFEIC BT A Ve B R4 A R (LF
Wb LU, JhE), B, WHOSEMBE E%
R Ve D K1 12 B 5 DB A Rk % L4 5 &,
AN a+PFHTH B0 —F7, WHEIEZESE Imm DA TIX
a+P HDOADPHFREL TV 5, FE Ilmm & DIEWERALT
I~V T oA MEREL TV AR b H Y, fhoTme B
LfRE o T A,

X 26 \ZHEBIAVIRIE D IS4 A /1 = X 5 OBER [ % 7R
DB #&\21H & & ORMMREDAEAE T 5 2 & THESINVIRIEA 5
HELTWDEEE R, WHOEE Imm £ 1) ZEOETIE
T A NEREDA LTV AE Z E D T OZERER X
DB RllEARZRE y #fkTH D, DBIZLoT¥IVT v H A b
BREL 72 Z 2 oMb, BREMM CIIERBERICLDT] -
EVIBHDBEL B 720, ZIDENOREE %) NET
Imm P EDOBEGENNFEL TWDLEEZ T,

X 27 1256 3 OFAFEIC BT D EIEE —0.1T/s (CC HH
IR & [A5E) TG LR % 7R3 DB R
BTOHAIREICREET IS 2E 05 ), WETIE
615 ~ 635C, HMAITIX 600CHE L 2> T\ b, [X27 &
) DB RiIZ BV THMENIL 600CFEEE T Arl STE S TH D,
a+PEREDSE T T 2IMEREE THHL T oBEGH%Z
FELTWAHI LD Db, T7-DBEOMMKDL TR
atPHEZRS>TVWDL T EH 5 DBREITIET TIZ a+P £ HE
METLTWEEZBNLA,

Stoclgrade | C | %S| oMn | %Cr | %Mo — 5T C I DB RHRAEDT Ar3 £15) BEL Arl 215D
High C,Cr, Mo | 041 024 | 078 | 1115 | 0.116 -
L (Loose) surface
sy 2Bstr 2Cstr 2Astr 1Bstr 1Cstr 1Astr
%
K> L L L L L L
East \(“0, E w E w E w E w E w E w| West
F E F F F F
F (Fixed) surface

K24 NCR&XbMT> ROAMEBEMFE LI
Geometric arrangement of NCR strand and name

micro structure after 3rd cooling
outer face (L,F,face, similar)

inner face

1.0m/min

Ve=

25 K VcBEO=R5HNEDEFREEBREE
Micro structure of surface layer of billet after 3rd cooling

martensite outer
+a+P face

longitudinal crack defect

26 MEEINIRFEDFE X A= X L (HtkmE)
Schematic illustration of occurrence of longitudinal crack
like defects

B A& # g B W #4145 (2019)



ERREEFR IS B T 3RS RS HRERSRM ORSE

FEWV 615 ~ 635CTHHI DD, at+P ZREIIHGEL T
DO EBRZERE y DR L T BIRETIRIEGHIL T b,
F7-DBROMBE~ILVT VA b+at+tPHTHLZ LD
5 DB HITIE—#0 a+P ZREL TV B AVRERE » AR, Z
D% DB T 5L TRERE y SN VT A NEREL 72
EEZOND, TNH LYK 26 127K L7 HEEIFUIROFED 5
HEANZANIZETHDLEEZ LN,

—7, B28 128 Ve Koo s X O'WIE O DB 4
FREMUBEEY, 29I ERGHEREMELY Ry, &
Ve BEOBGAIEEH TNA F 4 b+o+P ZRELTBY, BT
EDORBHREDZEREN L, <NV T A MEELLTW
Tz, MEEIVIRIEDSSSE L T e Bbhis, I
29 1R L) ISR IREDTEIROIRETDB LTH
D, X7 A NERERGRE E THEISN LW T
HorrEZLND,

-0.02{ cooling
rate

dilatation / -

untrans- |
: formed 7
0% 500 500 700 500

temp/ C

X127 #MEEINIRIEREROE RS ENE MR
CCT curve of steel
Longitudinal crack like defect is remarkable.

micro structure after 3rd cooling
inner face outer face (L,F,face, similar)

bainite + a + P

bainite + a + P

K28 & VcEO=RAHZDOHERREEBREE
Micro structure of surface layer of billet after 3rd cooling
casted at high casting speed

3.3.2 #MEEI RSk E DR A A4

X 30 (ZHEEIAVIRBE D A & 53 2 7”97 Fl 4 R
TEZRGHDOZZEAIZ DOV THE T 5, K Ve BrZ/ME T
(L a+P ZREHNTE T T AHIE T CTHAOWHNHEATEY,
RZFE y HIWIH TOHFES TV AHIKEET DB § 5 2 & Tt
FIIVIRIEAFEE L T B EE R T2 ZDTORERE y I~
VT A MEREL WX ) ZREENICB W% % #H
L, £COHZEEIC a+P MHICERESE L I & THEEIN
Bl 2 ik a7z B 31 1222 FRF O N SE AT £ ©
OB IR A R 9, 31 L) &M% Arl pi%
THZEEETEGL, SEAFZEEIZ at+P BENZET L
T RBIINBIFIC AT B 2 & THEEINIRIE &2 B 13 5.

X 32 |HEZ S 8FEIC BT 5 DB B & 22 B oMLK
WSS AARR 7R § 7 22 S & 0 HEBIUIRIE SR SR E %
A% B 2 EHTE

-0.02( i ;
cooling : outer inner
rate | TR S face face

-0.1°C/ls

dilatation / -

untrans-
formed r

700 800

X 29 #MEINIREESEROERSHNZTRERIR (5 Vo)
CCT curve of steel (high Vc)
Longitudinal crack like defect is remarkable.

0024 cooling

rate E
-0.1°Cls inner |-+
0.03}-- | face ;
: outer :
] face \... " -
5 . H
% -0.04] : P
3 b H A
LIS N i
a+P+untransformed 7 |
-0.05]
a+P [ e funt:'eadns_ q
= i s : Arl Ar3l orm T
" . 600 700 500
temp/ C

X 31 EfSEERERIR EESIFDRE
CCT curve and temp. of air cooling

(correspondence)

(task)

(counter measure)

regulation of

(task) (causes)
inner face longitudinal variation 9f
! transformation
crack like defect
among faces

X 30

Vc lower limit

internal crack
occurrence

lowering tundish
super heat

air cooling

matching with
upper and lower
process

control of casting
schedule

HEEIMIRBEDRE & 335

Causes of longitudinal crack like defect and counter measures

H A& # % B W #4475 (2019)



FERBERFRIC B T 3 EIRASRSHRERSRNT ORSE

100

100
80 — \
60 \
40

\, 2

"1 1
0 L

longitudinal crack like
defect occurrence index

before taking after taking
a measure a measure
(air cooled)

32 ZTABERAORR
Effect of air cooling application on defect occurrence index

3.4 NCR#BHRFREMEEMKICEATIEED
NCR 7HERIZBITFHREN LMD ERFK L L
T, UToEE11-72
(1) FLRIEDFE A A = XN B WEE L, ZREHP 5 —
RERER L, K Ve HIZTRBRSG /Sy — v L FIREREE
7o S5 L 2 AR L ALIRIE O S8 AE TR B % 93 % MK L

720
) BRI DR L L C =G HBRICB W TG %
W USSR TR % 74% %08 L 726

4. ¥

SRR TR 3 L A S AR R BT B A
PElf) B % B2, RH TOMHE ~ S5 7IVEIRELE, B Lo
CC 2B BRI DV TRz,

ZORER, BARI, HESEORIRRUEET EH L 72,

[

LG
1) MR, AR, TIREEN, HRIEIe ghe . 63 (13),
1945-1952 (1943)
2) R, RIFZEZ  HrHEEER. (388), 65-67 (2008)
3) KFFEZ, MBI, FEE—, BRATE iKY, 50,
492-493 (1998)
4) SEAEETE, TAFE, LIRS © gk L 8. 65 (14), 2038-2046 (1979)
5) SAREER, %R BARSR SR 18 (11), 748-754 (1979)

HliAZE—  Ryoichi KAKIMOTO
EEHET B BT E R
biEE SR AET12 - T050-8550

T ¥  Susumu KUDO
SR BB LeflE A&

BB Michio NITTA
i - R v v — SRR
Y/ YRy ) IV S O

FAESGZ: Mitsuhiro MATSUSHIMA
RS T
R

HARIEZE  Shunji MIYAMOTO
SERIERPT R MR E

AR Taro HIROSUMI
PARE N s ) e e S =

JNRHEAN Masato KOBAYASHI
ERHEPT AT E

B A& # g B W #4145 (2019)



