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Fig.1 Distribution maps of the degree of compact in the cross sections of billets
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*EERPLTRAE—HBEAL, KBTS
FTEANFTE; AMXEA, EFEILITHREK,
FEZEN R4, AR B K T AR K 58 BE B ) X 385
BBREREARK, BEBFERMK. HEHEE
BEX 0.903 0,

F1 EHNERIEEEMCEREE
Table 1 Degrees of compact at a specified point in

the cross section of billet

B No BEEVHE ME (2, y)

BHE

1# 0.910 4 (1.46, 14.76) 0.91

2¢ 0.903 0 (3.20, 1.49) 0.87
3# 0.926 9 (4.17, 2.98) 0.96

4# 0.9310 (6.80, 2.89) 0.96

FREBPLORREABSEIL; BMFREN,
ZHMPLERABRMBX; PORLKE, EFE
JAHABHENKX; iFREREAER, HLBFEE
xR (BRAHAETENRE, ANEBEEAN
RIBMEK) o HPHBEEN 0.926 9,

ERTHBRLOEILANEME; AMKE
W, THRX; KiEREEARESE, HEEHF.
HEHBUEER 0.931 0,

BR, 3%, AP ABEMBEHERT 17, 2°
RH,

3.2 AAEHBENESSHBEIERNRE
3.2.1 AA#GEGRIBHEALXRSSH
kARSI Ao EAR (FREACDH) MA
Rl T E&MFRTEFR 4 MESH T ROBETEHATS
v, B TBUR . EEPMBE N KRS
B =4 OGS ST R PR R E RN, W
R BBEERBUT I ERFS. XEXERFS
S5RETIARMEEXN, FtE—FS0NERE
RBET AL E SERSFEHRES, N XEFSH
RGMNT, FMRBEMERNE RS EREIT S
fER.

W B BT AR B R R o SR B B T A & LA 4
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B, WA R E & B4 4 AR 2 R AT
i,

B2 RZAREFRERT AR TENSELN
M2A%SRE, ETUERBRKITRERXETH

AR X 43 A, 0 AT DAY AN ) ik A ] B AR 43 43 A
MEFME#ITHE, Fl, 1FRAENRTENS
R RBEROES, HFHw(C)H 0.208%,
FEFI(r~34~44,y=~34~44) HEEKX, w(C)
>0.30%, FAREPLEILABRKEESE; F
BB SRR ER, w(C)<<0.12% ; 27 iKHEH
BITEM A, HFH w(C)HR0.223%, FEFH
FLHEILEE(2226~29, y=~13~20) A EEKX,
w(C)=0.30%; MAEHAWRIP(x~=74~80, y=
13~24) REWMB (z~0~4, y=3~24) HIKKE
X, w(C)<0.12%
3.2.2 REAABAZEALETHRR B BREA
FEFMRAERTER TENSBEIGHN 2 ESEEHE
AAUBHEAEHE LEZRREEMNE (2, y)
WITEN TR, FHaBAH SR ML
AHEORSERE, ST E RS RS EES
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mE 2 Kk 2 i, & 1F R #E 4, (0.93,
21.83)4k, w(C)H 0.203% , &4 B & I Bk 19 F 2
JRE BN 0.208% ;2% kB, (1.96,17.77) &b,
w(C)H 0.220% , % 3565 &) B i F 2 5 & 4 5
#0.223%; 3% iEEP, (1.13,13.30) &b, w (C) K
0.198% A B H EHR ML EE 5 A
0.259% ; 4* IXBEH, (68.37,13.57) 4k, w(C) R
0.228%  F# A B I EHRM L EE BN
0.227% o
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X RRALGE 40 A AR T AR B e e B | b
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BHE (RERMK) & (um RE) KAEERERHRR
DE (Coax) s R ANBCLATT 7 80 B8 P AT LASE M
R BIHRRES B PLE (G) RFHME
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BT EE -

P(I.y) = (Cmax/CO)
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Fig.2 Two-dimensional isohypsic distribution maps of each carbon contents in the cross section of billets

[7) Bsf 13, °T AR 8 B OR 55 s DA S 1 O AT 2
DR RMAX (F, 1 mmX1 mm; 5 1
mm) WHFHFRESE (Ch,), HE5LHERM
FOALE (Co) BFHME (Co) M HAEFH LU RAE &
KR, B

Py = (Cﬁax/CA)

F2HIHET 4 FOAS ) % 55 K BBk OC K B K R A
B OB KB R WA R E, 173K
BRAMTSAE N (39.47, 13.44), HE KW
BER 9.997; 2% X B B KW AT S AL F (36.53,
7.92) &b, HEBERMWATE N 1.523; 3% kBB KW
WAL T (7.20, 0.00) 4, HEKMHFTEHR
1.288; 4% i B B K fw A A8 A2 F (37.33, 7.93)
i, HEXMWHTESN 1.402,

BR1T, 27 KB BERRATE L 37, 4% K
XK.

K2 EHFNEIBATENRKENE
Table 2 Biggest degrees of segregation of carbon

in the cross section of billet

Mo % R
RES FHER AEHEUE «(C) RARBGALE BARTE
/% (z, ) /% (z, y) . Pa
1# 0.208 0.93, 21.83 0.203 (39.47, 13.44) 9.997
2% 0.223 1.96, 17.77 0.220 (36.53, 7.92) 1.523
3# 0.259 1.13, 13.30 0.198 (7.20, 0.00) 1.288
4* 0.227  68.37, 13.57 0.228 (37.33, 7.93) 1.462
3.2.3 FRAXHRZEZERLEEIRILSTHORER

it o H
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Fig.3 Weight ratio distributions of each carbon contents at corresponding original position

in the cross section of billets

1%—28.68 % of weight ratio in the permissive content range;

2#—28.98 % of weight ratio in the permissive content range;

3% —51.64 % of weight ratio in the permissive content range;

4% —42.94 % of weight ratio in the permissive content range

2) HESERXEA MW ERE, &FENM
BRST E& RIOAUE LRG0 A AT RRAT, AT 483
FrRFeEsEXE (MAFEBEN) B bR
HER (RFREBAE), AUERRIERYSH
(WA RE), [F&BXE AT GE LR K, KWL
AR TT R 4 A I B S A

mE 3 KA 3R, 17 CHEYRE S
¥R 0.208%, FERMGITAHX A, CHREDE
FEERHEREZEHNRIFE 0.208% £0.020% i
EART AL E LR A 28.68% 5 27 ik HE C M FH &
B8l 0.223%, C &4 87 B R br &
FHNARFZE0.223% +0.020 % 5 Bl A BT & ALE L

xR3 BAREABRAFECENANNELLE
Table 3 List of weight ratios of carbon contents

in permissive content range

LS
mH
1* 2% 3* 4%
FRAB AT 0.208+ 0.223+  0.259+ 0.227+
EE/% 0.020 0.020 0.020 0.020
$EE /% 28.68 28.98 51.64 42.94

FH28.98%; 3FIRAE CHEHREE SN
0.259%, CRESBAEERRHENEZEAN RIFE
0.259% + 0.020% 5 Bl M BT 5 AL EH b X R
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51.64%; 4" RBE CH PR RED BN 0.227%,
CRESBEERFHEREZHNAHFE 0.227% +
0.020%EHE NAT SIEHEN 42.94%, BR,
AT R T E AN O ERT 17,
2% iR EE,

3) MEREEFXENSREE, & EM
BT ERONERRG s — S @, &0
BB NEL R EEGENNERERFXE
(Ci—C), IS BRFEHAMME (C) BV E
BE [(Z= (G—C)) 2], B 95S% BEENE X
MERBEN (Cx2), PHE (G) BREVRE
XM[E (Z) SH6E (C) WHEE—HhHEER
VRE (K=2/C), Wl HFRIEME KM
MAEEMBRER., ME43)HTAREEFERLER
BEMNEILREN S EFEEN, RTEMNEEER
EREERPAEYT RE, YETESBMRN, &
BEEXEE/N, RHKRTEEMB PR
5. ZERINAHPTEEENERNEW, RAF
RMEEFEY RE (K) EARTREMBHHYS
ERRUEENEGHE, PHEBRFTRE (K) B
AN, RZTEEM B R 5 fi 5,

1FREEBRITE OS% BREENKFABEERY
JBE (K) H48.08%; 2F XA ILE 95% B 5
ERPAEEEYT RE (K) #40.36%; 3%k
BHRITR S BERFENMFNEERFY BR (K)
}22.90% ; 47 KFEBRICE 95% B 15 B Bt &9 41
HERGY BE (K) H28.63%., B8R 3%, 47k
HRBRITENOMmE 17, 2P A E RS,
®4 NEEEHISHEFENBRTRSBRERSXE

Table 4 Intervals of carbon contents at 95% of
confidence limit of weight ratio

for different billets

TSR
1# 2” 3# 4#

0.108~ 0.133~0.202~ 0.162~
FXME (C,—C) /%
RRRABBELA (C—C) 0.308 0.313 0.322 0.292

FHEBET REE (2) /% 0.10 0.09 0.06 0.065
R (Co) /%
FREBETRR (K) /%

i 5]

0.208 0.223 0.259 0.227
48.08 40.36 23.17  28.63

3.3 FAAEHNERXAONGE T ERS TS
PATCBUAR — % 25 K TR W & — B[] 20 B8 K AE BT
el 8 A BCR o 5 B B K TE B B R R AT R

(single discharge analysis) 8 7] D@ i & tr & WL,
LA R PERUARRDFEESHER
DA KA EERBBEREERRAUE
i, SERXHBEESHEREARBFESHR
WE, MAHAREEOTRN SN SRR
ArXtE. TUREBEREFESHANBAKRELRRFS
HER (BAESHESHRRSREYESHRARZ
) WHEUEMNTRNESE, HHE 2D
MRS R, MEAKBERYBIREDR. BT
ARXAROAHBIWER, TURIAEMRFARR
NEREYEITERIGHELE . ARG ITRES
REVHFHEE, HERFEAFRERN,
BB LRI REERFMAER, HE
BEESHREEORNG REYHRLERAMHX
P, I ELARHE Je 2% YR BE X K B BUR B R W & AT s
T RVRL B R 22 Y B GE it o A 4 i, T HERR T H
I MBI HR A ‘
B 4 & 4 Fh i o B0 1Y 50 8 I B K FE TR R
WRESHITERE, RSHILT BT TREORSE
KEVHFHIRRTFHNE. 4" HERHE, &
BEERARKEREREFESED, BEREYNE
BOBEM, F#H40.034% (X MnSit); Hk
MR RDN, FHREAN 1 pm; HKH 2%
i, REERARKERBRAFFESEE, BEX
YT RESE R 0.107% (LA MnSit); H
e FHREL S pm; T 1P R 3FRME, &
BERARKEEBREFSESL, RERERYHF
PR BB, A 0.143% F10.140% (1A
MnS it); HEZEYHFHREHYRTF 5 pm,
x5 EHNEREXZVSBENE
Table 5 Contents and sizes of Mn

inclusion grains in billets

S REWERESB (MnS) /% TR /pm
1# 0.143 > 5.0
2# 0.107 ~5.0
3% 0.140 .>5.0
4* 0.034 - ~1.0
4 ##

1) LAk FE B K B H % # (single discharge
analysis) A X Bl B JE AL & it 4 R4 T B AR
(OPA), 2 —Fh LA —i% gk KB & —BF R[] 4 Bt
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.4 Analysis of Mn abnormal single-spark discharge signals obtained from different billets
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Original Position Statistic Distribution Analysis(OPA) Study
on the Quality of Billet

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

[Abstract] On the basis of analysis of tens of thousands of primary signals corresponding to original positions of
sample systematically, the degree of porosity, the degree of homogeneity and inclusions of billets can be
quantitatively determined. The degree of porosity and the maximum degree of segregation for different billets
were calculated accurately in the present paper. The weight ratio of carbon content at each original position of
- billet was suggested to express the degree of homogeneity of billets. Correspondingly, two models-the total
weight ratio of carbon contents within the permissive content range (Cy = R) and the confidence extension ratio
of median value (K) at 95% of confidence limit of weight ratio, were provided for practical billet samples
analysis. This analysis technique was characterized by the primary, original and statistical nature of measured
information, thus the quantitative statistic distribution analysis of chemical elements and their states in larger
scale was realized. The quality differences among the billet samples were explained reasonably by above method.
Thus, this technique can be used to judge the quality of billet samples.

[Key words] original position statistic distribution analysis; billet; degree of porosity; degree of homogeneity;

inclusion
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