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Synopsis:
Large non-metallic inclusions in the slabs casted
within the upper part of slab, that is, the inside radiu

continuously by the bow-type machine accumulated

s part of casting machine. Most of such non—-metallic

inclusions were caused mainly by the erosion of tundish immersion nozzle and by the reoxidation of molten

steel secondly.
clination of the upper shell of steel from the vertical

The characteristic accumulation of large non-metallic inclusions were caused by the in—

during casting and these phenomena were explained

theoretically. Therefore, the bow-type machine had the disadvantage of trapping large non-metallic

inclusions compared with the vertical type and the

vertical type with bending.

In order to decrease the input of non-metallic inclusions, the following precautions are necessary;

a)
b)
nozzle made of fused silica.

c) Selection of material of tundish immersion nozzle

Sealing of molten steel stream with Ar gas from ladle to tundish
Right selection of temperature and composition of molten steel, in the case of using tundish immersion

which excels in antierosion to molten steel.

In order to remove large non—-metallic inclusions as much as possible, the following measures are important;

d)
e) Selection of the shape of tundish immersion no
of inclusions in molten steel.

The slow speed of molten steel stream at the outlet of tundish immersion nozzle.

zzle advantageous to accomplish the good foatation
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1. &

— AR R ERE I e LR SRS ko Fl A TR OR
BRIZ % & 5K HH Y o bt i b BERMOEM T &H
5. —FRNEHGEDO R b 45 & /NETE ESED 3
A, REFFERMEBEL, BN EmoGEEORS
MBI DEEHES BIFTHY, FoERcMEE x5
EIFLEMTH 5 L DH|REVIBIETH D/, fb,
KETm&Eh &KW RBX T TRSH 285EHhET 556
G EMERR D EL R o NBEHomEd ok
<, /MNFEE vy FHSER EWRRLOERERK &
D ANERERE & < TRBINEMOEESRIE L 5.

L LS D, KEERS THOEEBEMEWmE L i
FEiE HDORO B HEHAESB T XV FE L
7 7Rt R RO RBIELINFNENOZEEFTOWTD

Il

i
A

ERIIRR DL, T o, 5, BouvT
DRI R Y 72 S ARFZRIISHEE X 5 7
WP TERE L/ JEMRA 40K 3 K U8 S0K g Al-Si
F o FEOKRBEECMFRANEDORIR, SHCOVTE
BINCHHLLIE TS5 ELBRVDDBET E 2~ 2 K
P DTFE LI 2 7 i % 18 5 7o O DS 4 2 FlisT
THZEREME LI

HE O 8 E

10-5mpffifF 2 b oEhli v vy o — L ER 2 5
TR X D $8 L7c 40K s X Of 50K f Al-

2.

* EBFN46410H, 47410, 4BEIOARLHEALS
T HEE
48411 A 298 3 &

k3 A A BLER (BR) IR BT

— 188 —



e AL-SE ¥ A Vo RBIELBNEHICET 2% 927

Table 1. Casting conditions and chemical compositions of test slabs.

c . Mn Si P S Sol. Al
Ladle analysis (%)

0°12~0°"16|0'60~1 '560'20»»0'50 <0-02 <0-02 |0-005~0°040

Thickness 165, 200, 250

Slab size (mm) Width 950~-2 100
- Length max. 6800
Casting speed (m/ min) 0-5~10
Temperature in tundish (°C) 1530~1 545
Specific cooling water (I/ kg) 0:6~1'5

Table 2. Chemical composition and casting il
i Gi

conditions.
— Same of case (S-1)
. Chemical C Si Mn P S T.Al
composition 80
(%) 0-14 | 0-46 | 0°63 | 0-016| 0:022 0-005 8
e
Slab size (mm) 250 x 2 100 x 24 500 =
Temperature in tundish 1 540~1 528 9
(ccy 2 T —“_i
Casting speed (m/ min) 055 Front R
o~ U S : Isurfuce
. “ye | ¥4 thickness
Immersion Material Fused silica c: C4enrer "
nozzle Type(degree)| 43 Fig. 1. Sampling r_nethod of slab.
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Photo. 1.
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Fig. 3. Comparison of size distributions of extracted inclusions at every stage.
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Photo. 2. Typical microstructures of large extracted inclusions.
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Fig. 4. Classification of micro structures of extracted
inclusions at every stage.
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Fig. 5. Distributions of visible large inclusions on
the cross section of middle slabs (40k, 50k
steel) in the direction of thickness.
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Fig. 6. Distribution of visible large inclusions in
the direction of length.
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Fig. 8. Influence of casting condition on the amount of visible large inclusions.
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Table 3. Influence of immersion nozzle.
. Jet angle Number of inclusions
Material (degree) (No/100 cm?)
Fused silica 43 1-01
4 7 15 0-21
Alumina. ;1_3 0-05
graphite

Table 4. Classification of extracted inclusions.

Fuequency (%)
- clusi
Type of inclusions e wlica Aluming
graphite
Mn-silicate (Typel, I) 71 11
Al Oy type (Type 1) 16 67
Special silicate (TypelV) 13 22
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Fig. 10. Effect of refractory material of immersion
nozzle on the size distribution of extracted
inclusions.
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Table 5. Characteristic of sample.

Sample ‘ Type of machine Characteristic Nozzle
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A i i
i 2 ” v :  Alumina graphite
, 1 Vertical type with bending 1'8m Straight and 8-OmR ; Fused silica
B
‘i 2 4 6'1lm Straight and 9-15mR 4
C Vertical . Straight “
| .
& o
. co | 836 Ol®e[a |a]o0
- & ¢ A-1]A-2|B-1[B-2] C
@ § 40 4
[ 1
* | LA
o8 §3o? \
§s >\
2 SR
7 3
o5
T
85‘. A @ QL) X}
E B‘Z C ty
o 100 I ! | L A 1
o O 10 20 30 40 50 60 70 :

>

Frequency (%)

Fig. 11. Effect of type of machine and casting con-

dition ou the distribution of visible large
in~lusions in the direction of thickness.

78R T COMHMPS A S, ThbeghhicihiL
THAF EhRCNEDOEFIP L LS. L 1'6m
OBREI LrFiRVESHETHEIRL B-1 Ol
TEWTHR EERAIOMEIERDS L His Wi Bk
L.
53 NMEPDHEFHOLR

Fig. 12 w&BDO X 5 4 st EDD > bk
Ex AT ErROBERNESfxnd. MERESHE <
EENHR ONEMRESRE , AAHEIC X 2T
EL b LR TTCRBR/2ELDTHEM Y »
B ZVTHE LSS 300~400, 43O K — 228
HOEDITHLE TN FEIVE ) ZVTHSE LIS ET
13 100~200p WHHDE— 2855 505, ZhicxL
FEEMT, BEREOEKS, Bl ) 3E IV TEHEL
S TLEORERIEFR IS, L EEB O
EXRERI0y LTOREDTHS.
5-4 NTEHEOLEE

BEE O EWESY Table 6 T EHTRT. £
HHNEDE L 3SR CHmamEo BHAZ 2TV

0 ] Il 1
0] 100 00 300 400 500 600 700

Size (B )———

Fig. 12. Effect of type of machine and casting
condition on the size distribution of ex-
tracted inclusions.

Table 6. Amount of inclusion of slab cast with

various machine and casting condition.

Mean Visible inclusion |Extractd inclusion
\\\\\\\\ifﬂfff (No/100 cm?) (mg/10 kg)
Sample

A-l 1-01 17-50
A-2 0-05 1-25
B-1 0-05 4-60
B-2 0-38 0-93
C 0-06 0-43

MR 100cm?2 ¥ it BE LD ThH5S. FHRT
A s ER S CEIELMmIC b0 T 24 EoxRE %
BRI L, 24 AR OWT T4 4 B 2 FEHL
b0 TH%S. FMBEFETHELIGEDOHI A-
I, A2 gowWTil 45« o v o/ AVHEic X 2T
AENEDEPRELBEING L WOIBEREBMEOh T
OERRITTRORI LBV THS. thHFEETFHS
IUEEREFHECHEINL B-1, B-2 X UCs#
R TRE#Y ) DE S A THRESNHERANNER 1
7y PEBRHYGETIC 20O THEROKXES,
rinEd L JMAES B I ET v F BHE
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Table 7. Chemical composition of nozzle.
Chemical composition (%)
Kind of nozzle
Si0, ALO, ca)] MgO Fe,O, c
Fused silica ~98 <05 — 1 | <02 _
Alumina graphite 17-80 | 55°89 | 025 { 032 080 250
ZBRBER LRSS A-2 LR LRDOTWS. B-2 0O 4000 [
HR IR VWTIEERNEDE & LTRSS WA Fig. 12 1 :
It X B A EWRER T /NS S HFRANED A . :
Ty FEBEHORZEERLTVS. BlEX ) &S ! sooof /
i A SFR YA SR SR O KB E O DR S St - Ew]ﬂ¢“7
@ NERE %
LB ERCEEREZA T2 BHEIT E L0k O 3 : 9
- . - ~ 2000 n]j=076%
M T S D, KBAENOR LB HEFITHS - s 200 [o /HOTen
6. 4vF4 9 PaBE/ LD 5 : ///.
M E DRS R
3 L S/ [Mn}=015%
G.l ;ﬁfﬁf < ://// ~=®
. PRI L s g 7 . :
B ORBNEMORE LH#EEIND /7 XVOEEIR 05 5 a5 =0

WMEED D, B ) B EE2 T v v 2 ANVEE
Vi FEIYE ) X DOWTEREROM Ko EIRE
SHE U7 BES ) B AT EESE, 15
MBS ORED 16 F v — vic > WTHER S X OYEHE
WOTEEEF 2. PERNR /7 VO E i Table 7
KRTERD THS. BEIEOBEIEEAKREI X0 &FH
BoEERIEL SN FHERTOERE 1'94g /cm?® 238 L
TERROE L Lic. S HRBERLIEZEERMEET
THEIZEL, x5t E.P.MA. iTX hHLEZELEZFAEL

7=
6-2 BEES YN/ XILORKR
6-2-1 B X VOEER

ifﬁﬁ/fW®ﬁEE%ﬁ%ﬁ%ﬁ®%%fééa
13 &< Thbh, FBCL>TELDIIPITIEL
BIBERMBERD NS, Lcds D TRE/ X VvOERERE
(g/min) BFEHFETTIE—ETHD LEESNLUTES
BREREECRETHEROZEXPEL, TS, ETHE
W (Mol EER0ORETHSH Fig. 14 CRTXOCHE
i [Mn] £ E82% < 5 FELBIRERESENT 5
EmHSRD NS, ZOREE Photo. 3 KRT. D&
TiRIE 2, X NVENTEIRITO Reynolds i Re
Re=paD/p

TZTp  BEAEHE (7-1g/cm?), D: RER(=RE/
ZNEE cm), @: BIEOEEEE (cm/sec), p 1 iE
Mo fhEE (5-0x10-2 c.p)

Fig.

Casting time (min) —

Fig. 13. Relation between casting time and amount
of erosion of nozzle.

n (€3] b
(o] (o] o]
j T T
.

*
.

o
T

Mean speed of erosion (g/min) —

CURN TS S S SRS SN USRS NS SO S NN N N S
00 05 o 'S
[Mn] (%) —

Fig. 14. Relation between [Mn]% and mean speed
of erosion.

DOEHBEERE R IIETRER Fig. 15 0L ThHH
B/ XD Re BEATHEEREEN KA S < 5 {H
BRSNS S LIARMBEORE % Fig. 16 TR
T. BIREEIEL RHIFEF HAERE ENAKEL &
5.

6:2-2 VEIEETAMEEAM T O T HLEK

BRIMESEIZR s HUN E.P.M.A. ST a{Th o7k E
DO—fl% Photo. 4 WWRL7:. HEFEHICALNE XS
I EESREERRTE A> & 100~300, OOEERAOMBIIIERL Y Y
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a) Before cast

c) After cast 0°85%[Mn]

b) After cast 0- 1545 Mn]

d) After cast 1-43%[Mn] x1/2

Photo. 3. Cross section of fused silica nozzle.

i “Temp, {in tundish)

€ 40 1 540 ~50°C

> 2 1524 ~36%

s 30}

8

@ )

5 20l

e}

8

a

£ 1of

= [Mn] =061 ~108%
o) L ' 1

o o IS 20x10°

Reynolds number —

Fig. 15. Relation between Reynolds number and
mean speed of erosion.

WE ) ANEHEHBREIRLVEEREER LTS,

COEEROMABIE MnO 33~429,, Al,O, 19~219%,
SiO; 32~379%, FeO 2~79% T 1 iEiE ./ REE
B Si10; 99% £ < 5~3% L MnO 750N ALO, 73
RELRERALTEY, ZEERMEARSE-EELEDT

D
(o]
T

[
o
T

o

n
o

T
\
-

(o]
T

[Mn]=0'61 ~ 108 %

Meon speed of erosion (g /min) —

O L 1
1 520 1 540 I 540 I 550
Temp. (°C) (in tundish ) —

Fig. 16. Relation between temp. and mean speed
of erosion.

WHZERD»DL. ZOLBERD MBEIEAR 24 K
(3MnO-ALO,-38i0;) DHMARICIT < X ST HHIc 2 h
FARYEA NENTIIHA4 PEFIERIT L& A LD
AEERICE VT &, L o TEEBORSIEHIEE X
DL 1 200°CREELEESINS.
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6-3 B7ALIFERHE/ INLOKR

50k $MA S5 EEOE 7T v R > BE 2 XL OKFENE
DONEFE %S Photo. 5 1T, NEFIEHDEEANETIE
MEEFE% Photo. 6 IFRT. ZhIVHALELRLSIC

Non diffusion —=+—D0iffusion —
layer } layer !
{ |
|
Si0,z98% L
40 ~——————-— 40
Si0,
6]
- 30 30
o~
- i
8 i
= 1 20
g 20 7 ALO;
! .
100k 1}
10 — 4 10
l’/
0 0
Photo. 4. Condition of immersion nozzle after cast.

(Microstructure and E.P.M.A analysis)

X 1000
Photo. 6. Micrograph of accretions of nozzle.

BT FERE VDB AIERY ) A B Xk
By s AVAECHEDOHRREALND. (7EHD
SV 2 KVARITE WIBEERS (1) LB fRES (1) o
2B 2T W5, ZONEWMOILESHT#ER % Table
BIZ Y. ThX)ABKSIITEASHIL ALO; T
HBHDITXTL, BEEHSIEALOBEERTHD L VS
THRRECTHEHR SO, BRI UH £OIRTE ¥BRDH LI
5.

LA 8

7.1 TEPDERICONT
EHIBETHEINHERONENEEZLDHE, ©
DR E LTRELGTTRD IDILRS. Tikbb,
— I XU B AE AR, ZEKER(L,

Il RV

Photo. 5. Cross section of alumina-graphite nozzle
after casting.
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Table 8. Chemical composition of accretions.

—_— _Gompoment (%) 5A[203 [

. mpoment {%6) Si0, | MnO| CaO 9 TiO, | MgO | CrO; | ZrO, = Fe
I (White) 93:00 | tr 1-30 E 037 | tr 000 | 047 | 124
! i
I (Brown) 73:00' 486 | 192 | 192 | 060 | 051 | 030 | 071 | 1018
/ XVDFEBRE LN F — DAL THS. BEPD LEORBNEDEEAELTCVWEDICH L, £EiE 100

R ETONEWOFSNZTEL, WEILL2F 1 v
U oITNERES 25527 1 v ¥ o5 LERIRY
TELHI I SFBHEMLTVWBE 2D WHf» L
EF 4 v LT HERBENTAERE LT, £0
NHEWHERRX D, BEAROZERELERET, chicfiL
TWREARET VT2 — T35 LM EDHL
~70% WiRDTB L EFEA L. 20F 1 v -8
R CARBNEEmBENT A REEE Uik, RAfcxro
AKX D, B U b AVOBES ICHUAN Y &
—DEALPBEFOLNDE L L EDX, igEE0T <h
TET VS RERE A vt it
R OBEBRMNEWD /20T 5 2 L &#FERL 72
DT —RIREEE BT v T, TR THRA 400
pETONEDH»HI 12mg/ kg BEFE TS & & HFER
ENTWBER, A b—27 2OERAICHES &ThiE, 100,
DL EDHEIIZ ORGP BEHRIITL2F 1 v o
NTEEFHXNG EFE X 5h, T Tioad-k>
CEF 1y LHERNA»T CHhEwEI ST
52 bh, BFANMEROZHRELEE LTS V. &
I ZRIAEEE BT DO WTCHEREMX 5. ZOEDH
EWE—RTIBRNEDNRETHDEEZILNLD, B
Zofwic Fig. 17 1T 50k o BRAEWS A & #FHb
EWSTED L Z {727, AiEEEE LT 100,

p LT OABRNEMOEEZ X <EbTADLEE L Hh
5. HrobhrdX5WEDRMmMBALrcBiLoT
W5, BRAEMIFNORANCEY T 5 5o E£FE L
TWH DXL, HMERNEMSITED ©— 7 13ERE
MO ERAEAE & —BH L TH D, ZREiEER DG
B TET B L 2HEZEDEDL L, WHNEDS
FHED WL B %, ZKIEEAERDSEE L TWws L%
ZBNEM, KMAEMTRFEEAEEE L TWEWLE
DEHEEND. LA D>THE AB BRI ED
FEBOBVOIRZLF 1+ 9 v o 2 AN EIBHRORGE
BTHD T EMRER ST NS, 2 L 100~200
AT, /Mo EdEBECT 588100, o
EPRBCOWTHEBE LRI NEL 55wz 234K
TH5.

7.2 EehRLESHHAXENEDEERE

S DO RBINEMS Fik BHT 572Dk £ 78R
WNREEE TP ORBAEDSHEZEL,ITL, 20T
BREIRC X 5 REEBRSTOXBNEDOHIERR %M
LT HIEBUETHD.

7-2.1 RERBEhOXBE NI ST
WOEZELX DEMLLALETALEEZS.

RE 1] REEMPOEFEEHRRENEDSH T
7 oI I EF IR H 5.

EE 2] KBEANEDHEOERESEIZET V.

Frequency (%) — (R3] FKEEBMANOILUROBER » = 25 20
o0 10 20 30 40 S0 60 70 L OREREIC FILHI LTS L 7%,
o ,—""-—- ’ 4 A = N S Ox ¥IE
\\\T“‘° [R5 41 AR A HOEEEx H dx L Fe DT
E sOf 'i,_:::) e & E OREEFMW P OXRYNEDDIREN DZE(L 0N 1
£ T " NAREVEEKRE S AEMOBERESK S IEEX
S 100 AN \
8 2 i O 2o b
8 b e RE3 X b
g‘ 150 ;/o,/r’. {o— Large inclusions ‘ Z=C - Zg[% errerrsrersereenrneaeenann. (1)
I (RN Mlilic %0 TSR L 4= X 0 25 HOMESE [L], C:
T 25075 60 200 240 280 320 360 400 I (LU= A = 2N 25/ XA HE TOWHRE)
Concentration {ppm) — Zy: s A O BT 5 BREEOEERS [L/T]
Fig. 17. Behavior of visible large inclusions and FE4ABICRID
chemical analyzed value. AN/dx=C\(CZy/x+V —Vp)N-corvvveeienananns (2)
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zzT Gy lefiES [T/L2], V: $hE®E [L/T], (5 51 _EmfllogREzc KRB N3R5
N : KENLEWIBE E/L], Vo: NMEDEEEE L/ ERXEEFRAEE L TAQERE AT 5.
T], [RFE 6] BREGRDOEA d vk
B8 0D 7 > ‘ Gk T [L]eeeereeemmenmmnmininenninens (8)
C,=C,CZ, [ TR (3) 7o, d:BEROERIL], k- EEEKIL/ TV,
Cam=C (V= V) [L1] e remeemeeneinnnnnnn (4) ¢t BB [T
()R TEx%. Fig. 19 gR¥T 4 =2h 2560l E>T
dN/N=Cpdxfx—Cydx [—=] -ooerceremreereen (5) PEHE x OfIE O _EFEEIOER BT OWTHE D, Sl
(ST BMBSIEA SN TH L x OREE THA BTk TL
N(x) =CyxC2 exp{—Cyx} [{H/L3]----wc00enen (6)

THEzb5Nh5. C BWHRSERTHS. I THEH
L LT x=C iz T NC)=N, &FThix
Cy=N,/CC2-exp{—CsC} [{H/L3+C2] - (7)

Thb., 2o TEHEE C<x ZEHETHITE(6)R1IFig.
18 il d. ZHIIKBEREER i X>T HL,
i L7cB% Tiob bREREHRT OXE N fTEWIREE
HEHESD LIAT HKEPFETS L VI EBRFER
(Photo. 7 )& HHAT 5 LA TES.

7-2-2 BRFRARBNALED ST

Wi B BLESE R N OB 4 A MR E RS AT 2
WTHERD. BH{bO/ DI B EDFEPITRD 22 Fig. 18. Distribution of inclusions in molten steel.
DRE R TT 5. (calculated by equ. 6)

in molten stee! [No/L*]—

L]
Ca

oC <

Distance from meniscus [L] —

Concentration of inclusions

Nozzle angle 15° Nozzle angle 43°
Photo, 7. Distribution of cork in water model.
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Meniscus

e
Shell
L R

X
6 = ( Radian)
Melt "

Unit length

Fig. 19. Schematic representation of trapping in-
clusion at the upper shell of slab.

% ¥ TORFR ¢ X

to=xfu [T] cooeeeeneommmmmmeeeeee e, (9)
TEHEINS. —FHEEHx B 5RBEEHG O AW
MIEMRENIZ(6)XTELLNS. x DRIEIC K NT
ot O BAIEER TEd /D EEmlc i X h 5 A M4
@A oM I EES XD

OM = qyNox in @V pat ---veveeeeereeiniennen e (10)

T ay EEI—1, dx:éx=V-6t, 0 : FE{AIEE

ROMEFA, 0=x/R (307 )
F 7z 0t OFENCERY & &ft 6V (Mg LT) &

OV =0-8t-Gd/2 «evrvemmenmiieiieiiennen (1)
THod. (8)RxY
Sd=kVi+8t— kvt skit/4V E e (12)

LB DEEFFELTA =20 A0 LOEHx Tk
THUINRERS 8¢ DRI LT oD e AR I 4R X Bk
NI n &2 E 25 L (10) (1D U)K KD

nu)zamuaVzi%§§@~ o
- sin(x/R) - xCat1/2 exp{—Cygx} wevveereernnaen (13)
BELNS. (13)R % »/RK] L LT sin (x/R)=x/R
EUCHMET S & “
40,C VpxCa3z .
ne) = RGP o (—CM /L) - (14)
&8s, Ihx(8)(9)REeE>THAELLRDGH

CERT B

n(d) = adB exp {—7d2} [E/L3] «+eveeereennnn (15)
LZT (a=4%4a,Cek~ 22+ DRIV VCo+2 [/ L2C,+6]
p=2C,+3 [—]
y =C,Vk-2 [L-2]-eneeeeeea (16)
ThH5. (1K LAAIOERE> = viZtBET530TH

HhHd DEFIHI(8)(9)RL Y
KV CIV<d<dy/2 (dy: 25 FE [L])

do/2<d=dy WHEWTIITEEIDY = V&b 7-DRR
NEMIF LD D FEOREREL SEER$ 5 M 5
DBEGKT X BRI EDLD T AV EE LSRN
EWET 0TI L.

7-2.3 EESI & EBREE L O

WHR (ST HEWT C, V, & R, V,, Zolz2oWn Tl
5Z25N5NREH a1, C, Ny B—FHCHRETS L
WARRRETHY, Lo T a, 8, ¥ YEEEICX
NEDDZ LT TERLY. T THREER 57— 4% Fig. 2

FEXO Fig. 5 #HWT 250 mm B OB ST onWT

T a, B, 1 HEDDL

a=1"7x10-1[{#/ cm*5], f=45[—1],

=009 cm-2]
BELohi. TREHWTHERBZSMRINE - FEBT — 2 &
xR IRT Fig. 20 wiR L. RitREIhTwbd X d
WHESR G MIEEEBRER L X <3S U Th b M4
B2 THIRE LBRETEMbD 057 ) KB
BoDTHILbrrbobTRERZYRIDTHE &
%25, LESBOTUFRIOEF VRV, AEW
SR XIETEHERHFL STIGESHEBEOEEIC W
TET OB 21778 5. Fig. 21, Fig. 22 3fiHEW

6C
= Calculated Value
° O Measured value (40K}
SO L) + (50K)
_. 40
5 e=17xI0"
- | 8=45
g 30 r=009
=
g
“ 20}
101 ¢
.} of
/
" o o A _ceioio
? " ] 20 2’5
Loose side Cenler Fixed side

Distence from loose side (cm)

Fig. 20. Comparison between calculated and observed
distribution of inclusion in the direction of
thickness of slab.
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16 T v =
A4 Area of outlet of nozzle C=14x10 se/em A=196cm’)
£=10cm u1s®
14 S Cross sectional area of siob 4 .. ‘:2'5 -
12 v\ e Jet angle of nozzle /
£ \ /
L Xp=300u
3 10F N L]
I
g 8 AN f’
g ok \ /_/ xp =400K
§ [~ 25004
o 4 \Q xp= 600
(c) Ap = 200
2 2f
a
0 1 } ] 1 1 !
O 02 04 06 08 10 I2 14 I'6 I8 20 22
Casting speed (m/min)

Fig. 2l. Influence of casting speed and size of in-
clusions on the position of accumulating
inclusions.

16 -
' €,=14%10"secemt A=1g625em’
L 4+ Solidification constant | €='eem v =05 m/min
4 $=25%210¢m*  £p=S00xk
e : Jet gngle of nozzle
e 12
§ L~ 6=90°
g 10r e=TO
he] =70,
B / —5eis
g 8 Gz O
§ /
E 6
£ :
g 4 .
c B
2
w
il /
0
(0] 10 20 30 40

4 (mm/min?) —>

Fig. 22. Influence of k¥ and # on the position of
accumulating inclusions.

BIFE, ShEEE, 207 1 v v a2 AARE, BE
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Zy=(S/24) - (1+sin ) /2 -+ Veereerrreeenanne (17)

ZZC S GFFMMERRILE, 0.0 2 AAEHBE (K
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MR A 2SN E VT & E 7R EIER kNS W ENTEW
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BBREVEELELERBRE-HLTWS. i
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REEZALPICT 2L L DTIEGR LR 255200
WHEMHEELTDCEEAME L, ABEBRFAELTT
RORERUTOZ EAHIA L. XBANEDOEER
ELTIE, 22F 4 v o/ XUDFEDWTELREL
LRMBFETOND. SR RKBEANEMRDIE L LCit
BRNA~DANLEMA > T bBEZELOTHEET Y S
vy FEEHEPLTRHEREL LA Ty P EEZ~LESD
wEE LT

a) -2 F 4 o v BEAR 7AT L =D
N

b) BRI Y DB LT 1 v o/ ANERFEHT LY
BV, S5E IR O W EHIF 0EIR

c) MHAEMED T <hicEiE 2 A VviPE (728 2155
FovE o BER) OFERMEA

SEINES > DAEDO 7 9 N7y bEEIERTHE
LT

d) NEMF EZEOF/ VIR 7 ZVTEIROEIREF

e) EiE/ Xaak Il T O EHRmNE LR E R B < T
e (VZAABBHEOOEOIERD D WVIIFHEERE DK
)

BHETHS.

b D K AR ORRE A S 7o /RIMREFT & kfn
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R EF LR EEARZBUDEBEESMNOF LD IE
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