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Fig.1 Distribution maps of carbon content on the vertical section of mould steel billet samples
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Table 1 The biggest segregation degrees of carbon on

the vertical section of mould steel billet samples

W52 55 4
HFES e KA B A e KA
1%
#(x, y)/mm Hr 5
1% 0.381 (38.33,10.08) 1.155
25 0.408 (47.00,1.92) 1.260
3 0.379 (20.00,0.08) 1.147
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Fig.2 Variations of carbon content along the specified line — segment (x)

on the vertical section of mould steel billet samples
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Table 2 Range of carbon content along the

specified line — segment ( x)

W7 45 5L
R
RN i % Bk B 2% 2275 1k
0
b /mm Ac(c, - €)/% L% /%
y=12.14 0.052(0.415-0.363) 13.6
1% 0.38
¥=20.78 0.083(0.321 -0.404) 21.8
y =12.04 0.130(0.470 -0.340) 31.9
25 0.408
y=19.22 0.119(0.446 -0.327) 29.2
y=12.40 0.063(0.413 -0.350) 16.6
345 0.379
y =19.70 0.088(0.408 -0.320) 23.2
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Fig.3 Frequency distributions of different carbon content on the vertical section of mould steel billet samples
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Table 3 Statistic degree of accord with carbon content

within the permissive content range ( weight ratios) %

mooH 15 HE 2 SRR 3R
TR ETE 0.381£0.040  0.408 £0.040  0.379 +0.040
St fF G 97.60 55.34 92.45

3.7 EAWNPFEUERS S HHNEITRTE

Xof A ELAR R I AR AT R A T 45 TS A [ K
S0t i X U] A AR B R G o A it — 4
fE T, 38 0] LAAS ST AR LR B (95 %)
e EEGEXE(C, ~C) R (C,) BT E
MREE[Z =(C, =€) /2], B 95 9% B A5 REmT B 55 1
FHRWEN(C £2), PHUEBEGFY RXE(Z)5
B (Co) MR il B E YRR
(S=2/ Cy) W] T FRAEM B G2 b7 2, H)
SEMBI TR, %4500 T RESRILEE 95 % &
RS BRI E & i B A X b Y R, &
TR DX RN 3 B Rk TC 2 7E MORE R 43 A R
5], HIRFNARE PR TR S22 SR, R
DLAE B SR (S) 1 0 5 o0 2 A8 ARk s A B2 1Y)
FRUEFE A, PAEEGEY RE(S), BT
BT, ARG, 2 W B 0 2 76 AR 189 43 A1 s A
FeE 1R 2 SRR 95 % BAEEERT R TR P s
EHEGEY R, G RATEE (S) N 14.08 % , & T
158 3 Sk, 1 SRR Ge i m T B BN, U
9.02 % .

R4 95 2 BEFEENBRSEEFERE(FIHRETE)
Table 4 Statistic degree of segregation of C

within the permissive content range of 95 % %
i H 1 SHE b 2 SHE 3 SRR
i A X
0.364 ~0.398 0.380 ~0.436  0.358 ~0.400
( Cl - Cz)

h L fE E E
PR (2) 0.034 0.057 0.042
LA (Cy) 0.381 0.408 0.379
ST AT E (S) 9.02 14.08 11.12

3.8 AAEENEFETENT

[E1 0 AT LLFRAS S, Si, Mn, P, Ni, Mo, V,Cr }% Al
FILR AR 1 5 2 5 3 SR ELARE 5L T A
Bt - B YRS e I SO [R) BRT  ACE LE
SRIRE S5 Ai 1], 25 B ELARARE il A 5 e A0 43 A 5]
R 2 SRR A TR S B AR X BRI
S W s A HUAR S PR A RE 43 A R DX, R &5
BB W EARAT, FZH LR T R R AR K
T 1B A9 B AT X5 3 45 (9 43 o6 & (Si, M, Mo, V,
Cr )t 4 30 A % B P Ay b 068 | [) A5 1 306 000 2 4 A
PG IX (IR B ), b, 2 5.3 5 il AR 7E AR
NLTCE i — B YRS i R L A RS L Y
WEERAT X ME 1 SRR A TR AR & R B
BIURE 3 A U BT, R H BREE 0G  Sl d Ge i, 15
N5 TR W KA Gt b B R G A
S TERS ~F T, 1 FiREEH C,S,Si, Mn, P,
Ni,Mo, V,Cr %t R MG T mATE S /NT 2 5,
35 HGI A EMENE T2 5 3 SHRAMN, Hik
KARATEEE /N, LRITRTE 1 5B 151
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Table 5 The biggest segregation degrees of each

of mould steel billet samples

element content on the vertical section

%

LR 1Sk 2 SAE 3 SRE
C 1.155 1.260 1.147
S 1.151 1.395 1.355
Si 1.114 1.121 1.186
Mn 1.070 1.078 1.119
P 1.378 1.426 1.694
Ni 1.082 1.100 1.153
Mo 1.101 1.136 1.141
\Y 1.303 1.346 1.365
Cr 1.110 1.150 1.163
Al 2.651 1.619 1.592

*o6 HEENZXHEDRRTRNSEITHRENE
Table 6 Statistic degree of segregation of each

of mould steel billet samples

element content on the vertical section

%

TLHR 15 HE 2 SR 3 SR
c 9.02 14.08 .12
S 7.04 19.82 8.01
Si 10.10 12.56 14.83
Mn 6.54 8. 11 9.70
P 34.99 41.92 49.23
Ni 6.64 8.81 11.62
Mo 8.91 10.15 11.77
v 22.22 26.61 29.68
Cr 11.59 14.65 15.69
Al 49.68 25.49 24.17

x7 EEANSHAEPARTRSENRITHAE

Table 7 Statistic degree of accord with each element

content within the permissive content range on

the vertical section of mould steel billet samples

%

1R 2 B R 3 B
R B S
R e T aw T f
C 0.381 97.60 0.408 55.34 0.379 92.45
S 0.004 100. 00 0.005 97.38 0.004 100. 00
Si 1.008 66.41 0.991 45.01 0.957 45.40
Mn 0.439 95.59 0.425 91.02 0.429 82.34
P 0.012 96.75 0.013 94.42 0.012 85.57
Ni 0.147 99.56 0.164 97.29 0.177 92.10
Mo 1.355 90.94 1.414 66.23 1.333 56.10
Vv 0.789 50.93 0.836 37.99 0.781 31.28
Cr 5.308 78.94 5.406 56.61 5.201 56.32
Al 0.021 93.66 0.026 98.62 0.032 96.54
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JE Rl B A 2558, P s B AR, i
A LA B AE AR ORI 8 e 22 W G 1 B 530
R 3 A HARGURE tP A7 1R 40 S Y e 2k Wy,
FHANR 8 FR, I WA RN 2 Al Ca FRUUTIHL 5
WAL 4)

KR8 Al XFHH Ca REMEENTER

Table 8 Content of Al - and Ca - inclusions on

the vertical section of mould steel billet samples

FE Al 3%/ % Ca 28I 54/ %
15 0.000 283 0.000 12
25 0.000 208 0.000 18
35 0.000 318 0.000 053

3.9.2  kEMMBRAEAT
R s 57 43 A 11 308 T B A, Xof i 7 21 1Y 2%
T TH 8 BRI K AR R PR AT S RO AE 5 B i, T e
WA AT A e e AR AS . R 9 FIH T 3 it
e &R e 22 W B i Y LE i), R AL Ca, S = A
TCER 5 1 B AR TE A R B 3828 I 24 W A
M5 Lh Al - Ca - S TEAFAE (WK 5) 5 —B 4
RIeAPILL AL - Ca - X(0) B RAETE A ¥ 43
BT IYILL Al - X (N) FERAETE,
R9 SREFRFYTES T
Table 9 Individual content for Al — different inclusions
on the vertical section of mould steel billet samples %

FE 5 Al-Ca-S Al-Ca-X(0) Al-Y(N)
15 52.39 19.87 27.74
25 32.82 43.26 23.92
35 33.73 46.41 19.83
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Fig.4 Abnormal discharge information of Al, Ca of single discharge on the vertical section of mould steel billet samples
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Fig.5 Channel synthesized information from Al ,Ca and S channels on the vertical

section of mould steel billet samples
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Table 10 Grain size distribution of Al — inclusions on

the vertical section of mould steel billet samples

<3 pm 3~5pm 5~10 pm >10 pm .
. . . . . PN X
TR a3 et it et
pm
/% B/ % /% /%
15 90.65 6.21 2.85 0.29 18.86
245 91.90 6.26 1.73 0.11 12.87
5 90. 64 6.75 2.29 0.32 16.61
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Fig.6 The density distribution on the vertical section of mould steel billet samples
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Table 11 The statistic density on the vertical

section of mould steel billet samples STt
i H 1 S HE 2 SR 3R (1] ElwSA. BALG o A0 50 A — R 58 2 o 5 40 4l 09 7 5 A
gt it B 0.9429 0.927 6 0.932 6 (31 EFREE (B A1) ,2002,32 (6) 2481 - 484
. [2] WA PR S, % RE 4 W % E 0 IR AL GE it 4
Geit Al 7.09 8.94 8.31 )
BT LI]. T E R (B $8) ,2005,35(3) ;206 -270
[3] FE#fA. 21 2B irmas TR T]. ®WeEk,2000,35(1) :
4 45iE 73 - 78
o . ) (4] ElgSfr. SBEMAH RG], P EIR 48,2002, (6): 20 -
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R AT | I 725 W 34 B d A X 0 B A0 1 5 i BESELT]. 5k ,2002, (3HI) : 189 - 193
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Original position statistic distribution analysis ( OPA )
on the quality of mould steel billet

Wang Haizhou, Li Meiling,Zhang Xiuxin, Wu Chao
( Central Iron & Steel Research Institute, Beijing 100081 ,China)

[ Abstract] Through the analysis of mould steel from different sources by the original position statistic distri—
bution analysis (OPA) , new information on the position, state and content distribution of each chemical component
in the cross section of mould steel was obtained in a relatively wide range. As a result, the differences among the
parameters of mould steel from different sources were quantitatively characterized, including the biggest segrega—
tion, the statistic degree of segregation, statistic degree of accord with contents (statistic degree of homogeneity) ,
the statistic density as well as the content, variety and statistic size distribution of the inclusions. The experimental
results could be used as reference for analyzing the quality variance of mould steel from different sources.
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