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Appendix 1 

Suggested method for preparation of standard specimenl! 

Typical microscopical fields are celected using a magnification at 

which the counts are to be determined. These fields should contain 

the type and size (severity) of inclusions of interest, e.g. a field 

similar to JK grading 2 or 3 (Fig.3). Each field is identified with 

micro-hardness indentations to correspond to the blank frame edge. 

Photographs are then taken of each of these fields by removing the 

binocular head and, replacing it with a 35-mm camera and attachment 

(obtainable from Vickers Instrument Company, Ltd.). The negative is 

processed and an enlargement made of standard field. vJhen enlarging 

the photomicrograph of the standard field a grid negative is used in 

conjunction with the photomicrograph negative. The photographic 

exposure and processing are adjusted to give a good contrast without 

distorting the image. Prints are made by exposing the bromide paper, 

to the photOmicrograph negative and grid negative separately, and then 

developing the latent images simultaneously. ' This maintains the 

clarity and definition of the two negatives. 

A grid negative can be made by contact printing a piece of tracing 

graph paper on to a photographic plate 01' film. Photographs of two 

such grid negatives are shown below. 

To assess the area occ'lpied by inclusions, the number of small 

squares+ occupied by the inc.1usions Or features of interest is counted 

and compared with the total number of such squares within the area 

of interest (field) on the' specijllen. i.,!'l.thearea correspo~ding to 

the blank frame. This gives the proportion ',bY area of that inclusion 

or feature in the field. This value is then used as a standard area 

+ Special note: Features less than 1. square are counted as ~ a unit. 

IBO 



for that field of view, In practice, the operator sets up the 

instrument so that the standard field of interest is projected on 

the TV screen, focuses the microscope to give a sharp image and sets 

the threshold level to correspond to the standard area measurement. 

, 

18! 



Photograph of grid used for preparing standard 

~pecimens containing relatively small features 

4--, 

Photograph of grid used for preparing standard 

specimens containing relatively large features 
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FLO\~ DIAGRAN AND DETAILS OF COI1FUTER PROGRAMNE QTM10l 

QTM 101 
+ IIARNING 
Y 
P FIELDC 
E 
P FIELDA 
E 
P BSTORE 
E 
P OUTPUT 
LH 
E 
E 
L SI 
E 
E 
L S2 
E 
E 
E 
L S3 
L S4 
L S5 
E 
E 
L S6 
E 
L S7 
E 
E 
L s8 
E 
L S9 
E 
L S10 
E 
LS11 
L S12 
E 
PROGRAM 
SCALARS 

ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
ADR 
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65 
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54 
56 
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137 
139 
176 
240 
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380 
412 
435 
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511 
545 
572 
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631 
705 
737 
738 
774 
775 
809 
850 
876 
929 
950 

1005 
1006 
1060 
1061 
1092 
1162 
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, 
I. 
I 

QTM 101; 
"OEGIN" 

I 
I 

11 
L 
i 

I 
\ 

I 

I 

"REAL" FH, FII:, Ai" y, f"M" SIJlcV, IJATl:: 
"INTI~(jER"CN, "N, I, ,.I, X, \" ('''EA, IlLUCI(, SCANNE:[), CUUNT, 

NU~lll1:H. HC')[Cll 
.. INlEGE" .... AR"I\Y .. flCnl·,~)], TI1LECO.II!:>]I . 
"flRRflY"CS, P!H Ill! 1,1.11 N, V 1\1. , CSUM, f'SUM, SSrJG, SSOf>, C; PC 11 I b). . 

fm, IT, AHf:, Ail'SU~I, FI\H:;UM, AllSTlJR, SSOAIlC 0: I), 
.. SII: I ICH" SII: I = 5 I, SQ. S 3 • . :;1" :;~" S(" s.,. S8 •. S?, S' 0, SI',; S '2 J . 
"CUUE" "PHUCEUUHE" L1NIN(Y)I 

"INTEGEW"'AIlIIAY"Y I 
"ALGUL", 

"I'RIJCEUURE" ,'I U.UCI'( MI.IJIl): 
"ARHAY" AAI 
"I N n:GEll .... fI"HAY .. BIl: 

"lleGIN" AACX1:=llfJC/"X-IJ+I\I\(Xl: 
"ENU": 

"PRUC EUURE" F I El. UI\( tw, CC, Ill}' U:, N U'1IlE R) , 
"ARRAY" CC. DlJ, EU 

. "BEG I ~'" 

"ENU", 

.. JNITC;EH .... i\li/,I\Y .. nu: 
"INTEGE"" NU~IIJI::H: 

CCC\.;j:=BIJC4·X-lliIOO, 
OO( 11: 1: = CCC ~'l IN 1.I~IIlEIl+ I)I)C W 1, 
EEC 11: 1 I = CC C 11: 1 IN IJM IJ E" • EEC \<'.1' 

"PRIJCEUURE" rJ5TUIlE(n', GG, SI.R11,SUM2, 5S0), 

"OEGIN" 

'; ,: 

. . I 
"ENU'" ' 

. "ARfMY"f'F '. GG. SUH t ,SUM:2, SSQJ 
SUM I C X 1 I = F re Xl. SUM:2 C X 1 I 
SSQCX1:=GGCX1*GGeX)+SSQ(X1J 'J. : 

"PRUCEDURE" UUTPUl< TT, SIM. sso, BLUCK), 
"i\HHAY" TT,.St,li-1, SSQJ 
"INIE.GEIl" IJi..UCI\i 

"BEGIN" "5\0:1 TCll" S\<': =HI 

Ht 

"END" , 

"PRINT" ~ "L" ill J 

"IF" TTCX1=- t' .. lHEN .... GUTU .. HI 
"PRINT" SAMEI.INE, AI. [GNED(~. [). TTCX1, "52"·, 
.. PR 1 N T" S AM El. l NE. AI. [ GN [ll ( 3, 4), S lM [ X ) 1nL U CK I 
"I F" ULlJCK "GE" :2 ""(IiEN" 
"UEGIN" 

Y: = (SSQC X 1 - ( (SIli"IC X h SUM (X) )llll.llCIO ) IC BLOCK" I) J 
"IF",Y "LE" 0 "IIlEN" SllEVI=O 

"ELSE" SUE:VI=SQfH CY)I 
"PRI NT" . 5AMEL I NE, • '53' ',AL I GN[OC 3. 4), SOEV. 

"END'" 
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I 
, I 
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, I 

I 
I 
I 
i , 

I , , 
f 
\ " , 
i 

"1' 
i 

! . 

52: 

53: 

.. 

"READ" .DATE. FH. F\\. AR. GNI 
"FUR" [1=1 "STEP" I "UNTIl." CN "OO""'RI,I\U" CStl]' 
'''READ'' PN 1 

"."UR" JI=I"STEP" "UNTIL" I'N "DU" "REI\D" PSCJ]' 
"READ" I\HEI\I 
FARI =rH. r\"1 
NUMBER: =I\I</FI\I<, 
"PR[NT'" 'V DI\TE'. SI\Mt:L t Nfe,AL I GNEOC 6.0), DATE. 

"VF"lELD \\[DlIl f. 1I1::[GH1',ALIGNEOCI.2i.r'W.FH,· MMS', 
"L'EXAMINED AHEA',,\LIGNEOCI.2),I\H, 'sa MMS·,··· 
"1.' UNE DETECTI UN LlcVEL ONLY" 

\\A[ T, 

1:=JI=OI 
"IF" [+J=CN+PN "THEN" "Gi.lTU" S~I 
"If''' CN=O .. THEN .... U!;G[N .. ,J:=J+ I) OINC,JI :=(H 

V AL r J I : = PS C J I1 '.' GU TU" SI' 
"END"; 

"If''' PN='O .. THEN .... I3EG[N .. 1:=[+lI'[J[NClJ:=11 
VALCII:=CSCIlI "Goru" SIJ 

"f:N U" J 

"[f''' I+J=CN+f'N "THEN" "GUlU" 551 
"If''' [=CN i'lHEN" "GUT[)" 531 
"n'" J=PN "lHt:N" "(;OlU" 5'11 
11=[+II'JI=J+11 

:'. " 

.... ; 

'. \. 

"If''' est I J=PStJ] .. THEN .... I3EGIN .. I3INr I+J- 1 J: = 11' BINet+J! 1=0,' 
. VAL r 1 +,J- II1 = CSt [ ) '. 

"IF" C5Ct1<P5CJl 

VAL r I +.J ) : ,. I.' 5 C .n , 
"GUTU" S21 

"ENO'" 

.. THEN .... BEG[N .. BINCI+,'-11:=.!: 
'Vf\LCl+.J- 11 :'=CSCllJ 
'.JI =,1- 11 

"END" 
"EL SE • .. ·BEG IN" . [J f N C [+ J- III ,. 0, 

I 

"', .. 
,1-, .. 

' .. ) 

.. 
, , 

VALe l+d-l1 ::'PseJu.' 
.·11=1-1'.··· ' 

"END"I 
"GOTO" 52' 

J:=J+I' 
'f, 

OINe I+J11=O' VALC \+Jll"PS(;Jl1 
"If''' J=PN" "THEN" "GOTU" S~ "ELSE" "GUTU" S3, 
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Q'fMlOl 

1:=1+11 
IJINCI+,)II=11 VALCl+JJ:=CSCI11 

, 
I , 
I , 

" 
I 

.. ____ I: 

I 

"IF" l=eN "THEN". "GUrU" S!> "[LSE" "Guru" S4J 

SS: "PRINT'" 'L6" I 
J 1= 0 I 

I 

INSTIHNGC Tl TLE~ J) I' 
'JI=OI 
UUTSTHI NGC Tt TLE. J) J 

"'AI TI 

, • :',CANNEU: = RE,) EC 1': = ilL iJCI( : = n I 
RRC011=RRCIlI=OI TTC01:=TTCI1:=-\1 i 

,I "FOR" x:=o '~sr[p" 1 .. UNTIL .. I "UU" 

"FUR" XI"I 

"IJEGIN" ARSUMCX11=FAllSU...,CX1:=SSQARCX11=OI ~ 
"END"I 
"STEP" 1 "UNTIl." I'N+CN ''~U'' 
"BEGIN" C511MCXl :=1'51.MCX11=SSOCCXII =SSQPCXll:aOJ 

. ,-.' 

56: ARSTUIH011=I\RSTlJIHI1:=OI CUtJNT:=OI 
"FOR" X I" I "STEP" 1 "UNT 11." PN+ CN "O[J" 

"BEGIN" CCXJ:=PCXlr=OJ 
"ENO"I 

: 5 7: 'L I N I N (I\)J 

I, 

Ii 
'I 

I' 
I 

, ), 

, I 

'I 
i 

"IF" A(OJ~! 
"IF" ACOI>! 

"THEN" "GUlU"S<J1 
"L1R" AC 1 J "NE" F'N+ CN+ AREA+ 1 
"THEN" "BEGIN" RI~JECTI=REJECT+ 11 

"Guru" 571 
"END"I' 

CUUNTI =COUNT+ 11 
5CANNEOI=SCANNEO+11 

"FUR" X I = I "S TEp" 1 "UN lll." f"N+ CN "DU" 
"IJEG I N" 

''If''''l3INCXI=1 "THEN" f"licLDCP'(C.A) 
"ELSE" Ft ELocpe P. A) I' 

"ENO"I 

"If"" AR!:A= 0 "THEN" "Guru" SB I 
WI=OI XI=PN+CN+ARtAJ 
F'I ELDA( A. ARE. F"ARSUM. Af,snm. NlJMl3!:R),1 
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, I 

I 
1 

! 
S8: 

I 
! , 

, , 
1 . 

QTMlOl 

"I F" CUUNT<NI.l'1IlEH "THEN" "GIJTU"S7J 
BLUCI< I = fll.OCK + 1I 
"FUR" XI=I "STEP" "UNTil." riN+CN "DU" 

, "BEG I N" 

, , 

" 

"IF"IlIN(X)=1 "THEN" IlSTllHECC.C.CSUM.CSLtI.SSQC) 
"ELSE" IlSTLlIlE( P, P, PSLM, PSu,'1. SSQP) , 

"ENO'" 

" 

• 
.' ; ,~ 

, . 

"I f''' AREA" 0 "TH EN" "GU TU" S9 J 

. I X \ ,,\<.' J 
USTUKE( RR. ARSTlJIl. ARSUM, fo'I\HSU'1. SSOAR)' 

; i "GUTU" 56, 

.:., 

i 
i .' 

59: "If''' flLUCI{=O "THEN" "GuTU" 5121 

S 10: 

"IF" CN=O .. THEN .... (;UTU .. SIO; , 
"PIH NI .. ·'I. 4' COUN T'I. 51,' SI 7. E '5(,' MEAN '56" STD DEV" I 
"FUH" X\=l"STEP" I "UNTIL"'CN+PN "DU" 
"BEGIN" "IF''' BIN(XJ= I "WEN" OUTPUHVAL. C,SlJol. SSOC. BI.OCKH 
"ENU'" 

, , 

i 
"If" PN=O .. THEN .... (;UTU .. SIll , 
"PRI N T" • 'I. 4' PHUJEC TEO L EN G TH 'I. S il' 5 I Z E '56' M tAN '56' 5 TO OE;V', 
"F'IJR"Xr=1 "STf:P" I ··UNTII." CN+PN "DU'" ' ' 
"BI:GIN" "IF''' UINCX)=O "THEN" UUTPUHVAI •• P5lM, 5SQP'B~UCK)! 
"ENO" 1 

.... :. 
:' 511: "(I''' AREA=O "THEN""GUTO" SI21 

I 
I 

,I , 

15 12: 

','END'" 

"PR I NT" " 'L ,,' :<AHEA 'I. S4' MEAN '56' STD DEV' I 
X\=WI I" , ', 
UUTPUT< TT, ARSUM. SSQAH, llLUCIO I 

I , 

"PHINT" 
"I.Z'NUMI3ER UF FIELDS SCANNED', SAMELINE, VI Gl TS(,:». SCANNED, 
, 'I.' NUMUER UF fo'I ELDS HE,/ECTW', SAM!::L IN£::, VI GI.TSC ':1), ~EJECTl 
''I..'r!ELDS I.'ER£ lJSED IN',SAI'1ELINE,DIGIT5C.)),ULUCK, 

" 'BLOCKS OF', NLMI3ER, "R I (lO", . ',; 
'!':,.' 

Y:AITI 
"GUTO" S!),· 
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~pendix 3 

DETAILS OF COMPUTER PROGRAMME QTM201 

QTM 201 
+ ~IARNING 
Y 
P FIELDC ADR 35 
E ADR 54 
P FIELDA ADR 56 
E ADR 103 
P BSTORE ADR 105 
E ADR 137 
P OUTPUT ADR 139 
LH ADR 176 
E ADR 240 
E ADR 240 
L Sl ADR 386 
E ADR 430 
E ADR 465 
L32 ADR 465 
E ADR 577 
E ADR 631 
E ADR 678 
L 83 ADR 679 
L 84 ADR 724 
L s5 ADR 769 
E ADR 843 
E ADR 877 
L s6 ADR 878 
E ADR 916 
L S7 ADR 917 
E ADR 949 
E ADR 1005 
E ADR 1005 
E ADR 1058 
L s8 ADR 1098 
E ADR 1162 
L S9 ADR 1197 
L S10 ADR 1228 
L8ll ADR 1257 
E ADR 1305 
L 812 ADR 1306 
E ADR 1358 
L 813 ADR 1359 
L 814 ADR 1390 
E ADR 1469 
PROGRAM 1515 
SCAlARS 68 
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:1 ____ " ____ " ______ L 

: I 
Q'fM201 i:. 

, 
i, ' 

I 
QTM20!j 

r'fJE'i;-iN"'- "IlEI\L" HI, ~"\<. All. Y. FAH, SIH';V, !lA'1 El " i "INTEGEH"CN, I'N. F. G. 1,,1. X, l. I" AHlcA, tlLllCI<. SCI\NNED; COUNT, ..... 

1 

I: 
I' 
i 

NU'1UCH. HE.H:CTl . 
.. INTEGER .... I\HIl'\Y" 1\(0: I~{l). T1TLE:((): 1~11 

. "AIlHAY"CS. PS( I :JlJ. BIN, VAt, CSIJ:~, PSU'I, SSOC. 5S(W. C. PC 11331, 
Il/~.TT. I\IHc,AHSU.'-" 1'(\1l~;IN.AHSTUH, S~;(Ji\HC 0: UI.· 

"S\<ITCI\" 5\\I=SI. 52. 53. 5". S~. 56.57. SB. 59. SIO. 511. 512. 513, : 
SI III . '. 

"CUDE" "PIlUCE/)UHC" I. 1 N 1 N ( n , 
"INTEGEW"'I\HI\i\Y"YI. 

"AL(;lJL '" 

"PHUC£DUIH:" r" I U.DCP( 1\('\. Bill J 

"IN'fF:GEW"'I\IWI\Y" BBi 
"nEGIN" AI\CXI :=BBC '~*X-I 1+1\1\( XII 
"ENU", 

"PHUCEDUHE" F 1 EL Of\( BI), CC. DIl. EE, N~ BEln I 
"1\/mI\Y" CC. nu. EEl 

."1 NTEGEI, .... I\HflI\Y .. BBI 
"INTCGEH" NU1Il1:I,1 

"BEGIN" CCCWI:=BUC4.X-II/IOOI 

"END'" 

OOC W]: =CC( lO INlJMl1Ell"'OO[ WII 
EEC loll:" CCC WI/NUMDER+ EEC W II 

"PRlJCEDUHE" IlS TlJI<EC FF. GG. SUi"! i. SI.IM2. S5Q,) , ' .• 
"I\HHI\Y"FF. GG,SUM I. SLI'12. SSQ, 

"OEGIN':' SUMICXII=rFCX1"'SUM2CX11 ' 
SSQCXII=GGCX1*GGCXI+SSOCXII 

"PHlJCEDUHE" IJUTPUT< TT, 5U'I. SSQ. DLUCK) I 
"l\ImI\Y" TT. SUM, SSQ, 
"IN1EGEH" 11I.IJCKI 

"OE:GIN" "SWI TO'" sw: =/11 
"PRINT" • jlL"" J 

..... '. ' 

! I 

"IF" THX1=-1 .. T1IEN .... GUTU .. H, 
"PHINT" Si\MELIN~:.i\I.IGNED(~. lhTlCXI. "52'" 
"p" I N T" SI\MEL I NE. AI. I GNU)( 3. Il). SUt,1( XI/BLOCK I 
"11"" UI.LlCI( "GC" 2 "TH EN" 

: -, ; 

': , 
'.' 

"BEGIN" 
YI =,( SSO(XI-C (Sl.r·1(XhSU'1(XI) II.lLUCK» I(BI.UCK~I) I,' 
"n'" Y "I.E" 0 "TIlEN" SIJEVI=O . . 

"END"" 

"El" SE" SDEVI = SOHT (Y) I 
"P/lINT" SI\MEL INE,··S3'·. ALl GNE1H3. 4). SOEV' 

"END" I 

I90 

( ., . 

" r 
, :,'. 

······1 

. ':.'! 

I 

1 

I 

··1 

1 

! 

1 

1 

I 

.1 

I 

I 

I 

I 



! 

I 

QTM201 

"HEAU" UATE, HI, n" AR, eNI 

I' 
! 

j, . 

"FU"" 1:=1 "STl~I'" I "UNTIL" eN "UO"'''I1I:AI)'' CSCI)) 
"HEAU" PN I 

'''rUI1'' JI=I "STEP" "UNTIL" PN "UO" "HEA!)" PSCJIJ 
"HEAU" !\IlEAl' 
rAIl:=rH*FW, 
NUM BE H 1 = AHI F AlH 
"PllINT'" 'L' UATE:', S,\MEL INE, AL I GNED(6, 0). [lATE. 

, '.' 

I 
" 

"L' rl ELf) WI UTI( F. Ht:1 GI(T'. AL I GNED( 1.2), F'W,f"H, , MMS·. 
"L' EXAMINEU fIIlEA',lILI GNE:D( I. 2)1I\ll, ' SQ MMS',', 
'"L'n;U UETECTlIJN l.EVELS·, 

WAI TI 

ZI:: CI'\+ PN+ AIlEAl 
11 =Ji=OJ 

SI:" "I F'" [+J=CN+PN :·THEN .... GIITO .. S~, 
"IF''' CN=O "THEN""BEGIN" J:=J+ 1)'IJIN(JJ:=IlIN'[J+Zl:=OI 

VAI. (,j] : = Vl\UJ+ Z J I:: pstJ lJ 
'''GO TU" SI' 

"EN D"1 " \, 
"I F' ". PN:: 0 "TH EN"" BE GIN'" I : = I + 1I DINe I J: =UINCI+Zl:=11 ,'" 

VALC I J :=VALe 1+7.) j"CStll ,: . ,"" . 

"G[JT[J'~S I, ' 
"END" J 

"I r" I+.J=CN+PN "THEN" "GUTU" S~I 
"I F''' I =eN "Tll~:N" "GU1U" 53, 
"I r" J=PN "Ti~EN" "GUTU" S41 
11:: I + IJ i J 1 ::J+ 11 
"IF''' cse II=PSeJI"l'HEN" . ' 

"BEGIN"I3IN( I+.J-I 1 :=!JIN'( I+J- 1+7.1 P' 11' 
III N [ 1 + J 1 : = 131 N [ 1 + ,J + Z 1 I = 0 I ' 

"ENU" J 

u 

VAI.[ I+J-\ 1 :=VAUI+.)-I+Zl 1 ::cst Il,' 
v AI. [ 1+ J I1 = VAL [ 1+ ,1+ Z I1 =1' St J I1 
"GUTO" S21 

"IF''' est IlcPStJJ"THEN" , 

"GUTU" 521 

"" .," 

"[J E GIN "Ill N [ 1 + ,J;' 1 1 : = BI N [ 1 + J - I'" 7. I1 :: 11 

UENO" 
"ELSE" 

, "I.ICGIN" 

"ENU", 

I91 

V Al.C 1 + J - 1 ) 1 = V AUI ... J - 1 + Z ) 1 "c S C II1 
.J:=J-II 

IJ I N [ 1 + J - 1 1 1 =I.!I N Cl'" .1- 1 +Z I1 :: 0 I 
VAUl+J-ll:=VALel+,J-\+ZlI-PSCJ,)J 
11=1:-1) 

, 
" ·t· ' 

,',' . 
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56: 

57: 

I 
i ., 
i 
" ' I 
i 
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Q'l'M201 

J:=J~II 

UIN[I·Jll=BIN[I·J+Zl:=Ol 
V Al. [ I + J ) : = V I\L [ I + .J + Z 1 : = PS [ cl ) 1 

\ 

\. 
i 
1 

,"IF" .J=PN "THEN" "GUTU" 5~ "ELSE" "GUTU" 531 

1:=1+11 
III N [ 1+ J 1 I = BIN [ I+.J + Z) : = 11 
VI\L£ I+,Jl I =VAL[ I+J+7.:1: =CS[ I 1 1 
"IF" 1:: CN "TH EN" "GUTU" 5~ "El. SE" "GUTU" Sill 

"PR I N T" , 'L 6' • , 
.. I:=OJ 
INS Till N G ( TI TL E •• 1 ) , 
J:::O, 
OUTSTRINGCTITLE.J), 
\,A 11'1 

SCI\NNEIJ: :: RE,JI:C T: = IlL UCI< : = 0' 
RRC01:=RRCll:=O, TTCOJ:=THIJ:=-I, 
"FUR"'XI=O "STEP"I "lJNTrL" I "DU" 

"nr.GIN" AHSl~1CX11 =FM?SUl'1CX1:=SSOI\/'lCXJI:lOI, 
ttl-:N 0" J 

"FUR" XI=I "STEP" 1 "UNTIL" (2*7.:)-1 ''~U'' , ' ' ' 
"UEGIN" CSlh'4[X): = PSlJMC Xl: = SSQCCX n = SSQPCios" Dj 
"END'" 

ARSTORC 01 I =ARSTlJRC 1 1: = 01 CUUNT: = 0, 
"./"OR" XI = 1 "STEP" 1 "UNTIL" (2*7.:) - I , "DO" 

"OEGIN" C[Xl I=P[Xl :=01 

I , 
I.ININCA)J 

I , 
"IF" ACO)= I 
"IF" AeO»1 

"ENU" , 

"TH EN" "GUTiJ"S91 
"OR" A[ 11 "N[" (2~Z)+ 1 
"THEN" "fj!':GIt:l,': I"':,JECT:=REJECT+ 11 

n[;i~lf:l'~S7 , 
"EN D'" 

"FOW' XI=Z+ I' "STEP" 1 "UNTIL" 2*7.: "UO'~ 
,"OEGIN" A[ 4*X-ll :=AC II*X- 1 J-I\[ 4*( X-Z)-I), 

"ENlJ'" 

"I .• " AC4*X-I)<O "THEN" 
,"OEGIN" REJECT: =REJECT+ I, 

"GOTU" 57, 
"F;NO'" 

COUNT: =CUUNT+ 1I 
SCANNEOI=SCANNEO+II 
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58: 

S9: 

I ,I 

I 
I 

t I,' 511: 

J 

"fUR" XI=I "STEP" 
Z+I"STEP" 

'"l3tGIN''' 

'l'l'M201 

"UN T! L" I'N+ CN, 
"UNTIl." Z+PN+CN ,"DU" 

''If''13INCXJ=1 "THEN" FII::l.llCP(C,A) 
"El.SE" F I ELOCP( P, An 

"END'" 

"I F" AIlEA= 0 "THEN" "GllTU" SH' 
\\':=0. X:=ZJ 
F I EL llA( A, AIlE, FAHSUM, I\f,S nm, NUt1UEH) , 

\\':=11. X:=2*ZJ 
Ft. EL OA( A, IIHE, FIIHSLN, IIHS nJH, N U,'1UEH) J 

"I f" C(JUNT<NU~1nEH "TH EN" "GUTU", S7 J 
nl.OCI( I = IJLlJCI(+ I' 
"rUH" XI = I "STEP" I "UNTIL" J>N+CN, 

Z+'"5'1'EI''' I "UNTIl." 7.+PN+CN "DU" 
"I3EGIN" "IF" BINCXJ=' 

"THEN" BSTlJRE( C, C, CSUI1, CSUI1, SSOC> 
"ELSE" 13ST[)HE( P, P, PSUM, PSUM, SSOP) J 

"ENU" J 

"I f" AHEA= 0 "THEN" "GUTU" S6; 
\0.'1 = 0, 
"FDH" XI =\0,' "STEP" I "UNTIL" \0.'+\ nOll" 
BSTUH!i:( HR, AHSTUH, IIRSUM, FIIHSUM, SSQIIR)J 
;'GOTO" 56' 

"I r'" BLOCI(= 0 "lH[,N" "GUTll" S 14' 
\0.'1 = 0, F 1 = I J G 1 = f'N + CN j 
"PRINT"!' 'L4' Ft.IlST OETECTIIJN l.EVEI.' J 
"GUTU"S 11' 

W:=I' F'1=Z+ll G:=Z+PN+CN; 
.. PHIN" .. • 'L4' SECIJNO DETEGTlLlN LEVEL'" 

"Ir" CN=O "THEN" "GUTU" SI:::!J 

,~' " . '. . 

. : 
i " 

" 

",', , 
: ,',-

,,' 

"PHINT" "L4' ClJUNT 'LS/l' SI ZE 'S6'MEAN '56' STD DEV' I 
"F'UH" XI:F "sn:r""1 "UNTIl." G '~DU'" 

:" 

"BEGIN" "IF''' UINCXJ= I, "THEN" OUTPUTC VAL, CSLN,SSQC. BL.OCK) I 
"END'" 

"IF''' PN=O "THEN" "GUTU" SI31 
"PRINT" ''L4' PI"IJJECTEO LENGTH'LSl,' SIZI('Sr,'MI,IIN 'S6' STD otV' J 
"FIJ"" Xj:F "STEP" I "UNTIL" G "DU" 
,iI3EGIN", "IF''' lllNCX]=O, "TIIEN" OUTPUTCVAL, PSUM, SSQP, BI.OCK)'J 
"EN,O", ) . 

" ., 
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I 

il ' 

; 
il 

, 
S 13: 

i 
I 
I 
I 

S14: 

'"END''' 

I 

Q'I'~1201 

------r 
"I"" IIHEA= 0 "THEN" "GllTI]" S I III ' 

"P'lINT'" 'L4' '7.AREA ·L.S'I'~1L:i\N '~;6' STD llEI". I 
XI:;\o:) 
OUTPUT< TT, AHSUM. SSQAR, I]I..I.ICI{) 1 

"IF" 1\=0 "liNO" IlLUC1<>O "rHEN" "Guru" SIOI 
"P'HNI" 
• '1.~' N Ui~ BEH IJF fl [L OS se I\NN ED' • SIV1 t::L I NE. Dl Gl T se 3) • SCANN EO, 
HL'NUMBEH OF' Fl!::L\)5 I\E.1ICelF.IJ·.SI\MELlN[;bIGIlS(J).~EJECi, 
''I.'FlEL\)S \O:EH!:: US!::\) IN'. SNH:LINE, DIGITS(J),BLlJCK, 
• ' BLOCKS OF" ,NUMBER, "HI 00" J 

I.' A IT J 
"GOTO" S~l' 

, t.-, , .' " 

'';",' .. ,. ' 

, .. ...; 

.. j, 
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~end:l.x 4 

DiOTAILS OF COJiFUTER PRCGRAHME QTM301 

QTM 301 
+ IIARNING 
Y 
P FIELDC ADR 39 
E ADR 58 
P FIELDA ADR 60 
E ADR 107 
P BSTORE ADR 109 
E ADR 141 
P OUTPUT ADR 143 
LH ADR 180 
E ADR 244 
E ADR 244 
L SI ADR 407 
E ADR 439 
E ADR 462 
L S2 ADR 462 
E ADR 538 
E ADR 572 
E ADR 599 
L S3 ADR 600 
L 84 ADR 629 
L s5 ADR 658 
E ADR 722 
E ADR 754 
L s6 ADR 755 
E ADR 809 
E ADR 841 
L S7 ADR 842 
E ADR 878 
L s8 ADR 879 
E ADR 913 
E ADR 954 
L s9 ADR 980 
E ADR 1033 
L 810 ADR 1053 
E ADR 1101 
L811 ADR 1122 
E ADR 11'?7 
L 812 ADR 1178 
E ADR 1232 
L S13 ADR 1233 
L 814 ADR 1264 
E ADR 1338 
E ADR 1410 
L 81.5 ADR 1411 
E ADR 1465 
L 816 ADR 1466 
L S17 ADR 1497 
E ADR 1506 
PROGRAH 1559 
SCALARS 83 
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I 

I I 
I 

. , QTM 301, 
I /. 

'''BEGIN'' "RE 111...'; rH, FI<', Ill<. Y. rllH, "llEV. DIITEI 

I 
I , 

1I 

I' 

I "INTEGER"CN.I'N. I, ,J, ,<. x. \'.IIHEII. HLtJCK. GHLUCI<. SCIINNED, 
I 

I ClJlJN1, NUMBEll, IILJEcr. SE'I, CUUNTEIH 
"INTEGEW'''III<I<IIY'' lIeo: 'n,).lITI.1::((J: I!>J.NA.'IF:COI!JOJI 
"AHRAY"CS, pse I: fl), BIN. V/\I •• csu,'1, GCSUM. rSU1. GPSlJM, SSQC, 

GSSf'lC, 5S01', GSSOI', C. PC I: 1 (,.1, HR, TT. ,\HE, III\SLM. GARSlX>1. 
~·IIRS\.l'1.II"STIJ'" SSIJMI. GSSQIIIl( 0: t 11 

"SI\lTCH" SI<'I=SI,S2.·S3.~;/',S~'.S6,S7,Sfl,S'),SIO,Sli.SI2. 
513, SI 'II.s I~. S16, SI'" 

"CUDE" "PIlIJCEDUHE" Ll N I N (Y> J 

"INTEGEH''''IIRRIIY''YI . 
"111. GLlL " , 

. "P"UCI;DURE" 1'1 EL lJCI'( 1111, J.l~) J 
",\HIlIIY" 11,\/ 
"IN TEGER· .. ·l\flHflY .. 11111 

"I3EGIN" AAeX1 :=Bllt IIOX-I J+i\II(XJ, 
"END'" 

"PRLlCEOURE" VI [l.Di\(IlB, CC, DD, I::E.NU1I3Efl> I 
"l\IlHIIY" CC, lllJ, U:l 
.. INT£GER· .. ·I\I1JlIIy·· UB, 
"INTEGER" NUMllE!u 

"UEGIN" cceI<'JI=uue4'X-I1/IOO: 

"END"I 

Doe \.; J I = cce \.;1 IN l)e1 ~JEI(+ uue \;1/ 
E Ee I<'J I = cce WJ IN UM fJf:'" EEC WJI 

. "PRUCEDURE" 135 TUIlE( FF, GG, :';U:11, SUM2, SSQ) I 
1 "/\!IRi\Y"f'V. GG. S 1.1i'1 I, SUM 2, SSQI 

"BEGIN" SU'1leXJ:=FFeXJ+SUt'12eXl) 
SSQe Xl I = GGex h GGe x 1+ ssac X lJ 

"END'" : 

"PRUCEDURE" IJlJlI'UH T r. SUM. SSO, DI,qCK)I 
"i\RllAY" TT,SUM. SSQI ',; ":;' 
"INTEGER" I.ILUCIO'" . 

"UEGIN" "SWI TCH" SW: =IU 
"P}~INT" • #L"· j 

"IV" TTCX]=-I .. Tfff:N .... GIJTLJ .. HI 
"PIlINl" SIlMELINE,I\LIGNE!l(~, \), THX1, "S2", 

HI "PRINT" SI\MI'LINE,IILIGNEf)(3, I,), SU,oJ(X 1/l.lLUCK , 
"IF" IlI.UCK "GS" 2 "THEN" 

"END'" . 

"BE:GIN" 
YI =( SSQe x 1- « SUt1C X 1* SUMCXJ >I 111.UOO ) le BLUCK-I)' 
"IF" Y "LE" 0 "THEN" SDEV:::O 

"EL SE" SIJEVI:: Sf/IH (Y),' 

"PR I N T" SAr~EI. IN E, .. S3" , AL.l GN ED( 3, 4), SDEV, 
"END'" 
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I 
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5 I: 

52: 

Q'fM301 

"RICAO" UATE. FH. n" 1\1,. eN J 
"FUll" 1:=1 "Sl£I''' I "UNTIL" CN "OU" "R~:,\O" cstll, 
"HEAO" I'N J 
'~FIJH" . .1 I = I .. s TEP" 
"RICAO" ,'REA. SEll 
K I = I J 
"FUHtt X:=l "STEP" 
INS T IH N G ( N AM E. I( ) I 

F' AI, 1 = FH * ri, , 
NUI~IJE"I =AH/F'AH' 

"UNT IL" PN "Uu" ""EAU"PSCJJ, 

I "UNTIL" SET+ I' "OU" 

r '. I ~ , 
"rRI NT'" 'L' UI\ll::'. SM1LL I I'r::. N, I GN!::O( 6. n). DinE. 

. ", ,. 

! 'r. 

"L'FIELU iAIIJlH f. IIF.IGfll'.ALl GNUJ( l>2).F'I<'.F'H,'MMS', 
"I.' EXAMINI::D AHICA'. AL I GNEO( 1,2)0 AH •• SO MMS', 
"L'UNf~ OE:n:ClIUN U:VEL UNLY'; ", 

\\AI1'1 

1:=J:=OI. 
"IF" I+J=CN+PN "lHI::N". "GUIU" S~I 
"IF" CN=O .. lHI::N .... BI::GIN .. J:·=.)+I;' I3INCJ]:=Il; 

VAU,J]:=PSC,)]; "GUTU" SI' 
"END"; 

"IF''' PN=O .. THEN .... IlEGIN· i 1:=1+11. BINCI]:=I, 
VALt I]: =CSC I]' "GIJTU" SIJ' 

"EN 0" J " '; ',:. 

"IF" I+J=CN+PN "THEN" "GUTU" s~, 
"IFH I =CN '''THEN'' "GUIU" 53; 

. p' 

'''1 ~ ..... J= PN "THEN" "GUTU" 5"" 
11=1+1' .JI=J+II 

'"n''' Cslc Il=PSCJl .. THEN .... I.lCGIN .. 
I . . 

IllNtl+.J-II:='1I 11INCI+Jll=O' 
VAL(I+·.J-I 1:=C5tl l' . 
VI\l.( I+J J: = I'SC.J]' 

"E~ DU; 

"IF''' CSCll<PSCJJ .. THEN .... I.lI::GIN .. IlINCl+J- I J:= I, 
VALU+.J-I J:=C5CI I' 
Jr=.)-II 

"EN 0" ( 

.. ELSE .... BEGIN .. IHNC I+.J- 11 :=1l1 

,"ENO'" 
. "GUllJ" 52' 

J:=.HI' 
III N t I + J J :: 0" VAL e 1+ J J : = I' 5 (.)] , 

'VALe I+.J- Il:=i'st,}]'" 
11=1-1' 

"IP" J=PN "lHEN" "GUnJ" S!> "ELSE" 
.1 

"Guru" 5.1' 
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, 
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I 
,I 
~ 

QTM:lOl 

54: t: = t + I I, 

, 
I 

BIN(t+,J]:=11 VAL(t+,.lJ:=CS[IJI 
"I F" t = CN "THEN" "GUIU" S!J "EL SE" "GUTU" Sill 

, ; 

, , , 
ss: 

57: ' 

'·'PRINT"· #1..6' to,) 

J:=OI K:=ll 
tNS1IlING(TtTLE.,J" 
11'1\ 111 

CUUNT[I<: = GllLUCI<: =n: 
I{I{COJI=I<I<[IJ:=O: Tl(0]:=T1[1):=-I: 
"P!]W' XI=O "SHe"" I "(INTlL" I "VU" 

"BEG 1 NU 

"rUH" XI = I 

G,\I< SUM C X J : = GS S()AHC X ] : = 0 I 
"END"I 
"STEP" 1 "UNTIL" PN+'CN HDu" 
"BEGIN" 

, '." 

",," 

-' 
GC SLlIH X J : "GP~; UM (X] : = GS S oce x J I ;; G SS OPC X 11 =01 

"EN I)"; 

.. J:=nJ 
UUTSIHtI':G(TI 1LE. ,J): 

·"PH.INT"" "L"" J 

UUTSTHIN(j(NA~lE.KlI 

, , 

, " i· , 

SCANNEU:=I,E,JEC1:=IlLUCI<:=01 i, 
CUUNTEHI=CUIJNTI::I<+ 11', 
Ufo"UR" Xl=O' "SlEP" I "UN'JlL" 1 "DIY', 

"U[GIN" AllSU~1(Xl:=FAI1SUMCX]:=SSQIIHCX]I=OI," 
"ENU"I 

XI=I "SlIcl''' 1 "UNTIL" PN+CN "DU" , F "FUH" 

I "BEGt N" CSUI~ [X J: = PSUM r X] 1= SSOCC X J I ~ SSOPC X It,'' 0, 
"ENU'" 

i 
ARSTURCOJ:=IIHSTUIlCIJ:=OI, CIJUNT;::(I," 
"FUR" XI=I "STEP" 1 "UNTIL" I'N+CN "DU" 

"fJt::GIN" CCX1:=P[Xl:=O; 
"EN V"I 

',-:" I', 

\ 
I' 

\ 

(' , 

S 8: " L I N I N ( I\) , 

"tF"'AeOJ=1 
.. t ~ •• , AC 0 J > 1 

"THEN" "GU1 U" SIll 
"UR" A( 1 J "N;:" I'N+CN+AREM 1 
"THt::N" "BEGIN" !\iC,JEcT:=H,:;n:cl'+ 1I 

"GUTU" SRI 
"E.NU·" 

COUNT: =CUUNT+ 1I 
SCANNEUI=SCANNED+I' 

"FlJH" 'XI= 1 "STEP" 1 "UNTIL" I'N+CN "DU" 
"Ut::GtN" 

"END'" 

"I "'''(HNC X J = I "TH EN" r'II':L DCP( c. A> 
"[LSE" VI ELDCP( P, I'll I 

.: , 
" 

. , ' ,I: c.:, 

, . 

" I " ' 

""'''''''''''''''''''''1::1,---, __ ,_' 
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I 
1 

,. 

Q'l'M301 

"I F" AREA= 0 "THEN" "CUTU" S9) 
WI=O, XI=PN+CN+f\REfIl 

f"I El. OM A. ARE. FAHSUM. AfI5TUH. NUM13EH)' 

S9:' "IF" CUUNT<NUMllER "THEN" "GUTU" 581' 
l.Il.iJCK 1= lll.U Cl< + l' 
"FUll" XI= 1 "STEP" "UNlIl." I'N+CN "DU" 
"IJEGIN" \' 
"IF"1lINCX1=1 "THEN", nSTl.lIlf:(C.C.CSUM.CSUM.SSOC) 

"El.St:: .. IJSlUIlI':( 1'. P. PSll'lI PSlll. SS()P) 1 
"END'" 
"IF" AREA=O "THEN" "GUTU" SIOI 

i XI=I<'I 
1J5TURE( RII. ARSTUR. MISU,'1. FAJISU'l, SSOAIU I' 

SIO: GBl. U Cl< pGlll.OCK+ D 
"FlJH" XI=I '.'STEP" I "UNlIl." PN+CN "DO" 
"flEG IN" 

1,: 

," " 

"IF" I3INCX1= I "THEN." llSTLJIlE(C. C. GCSUM. GCSU;~. GSSQC) 

,~ .' 

: i' 

" ,,' . . ;,' " . 

. ,' .. , 

"El. SE" IJSTIJRE< P. P. GPSU1' Gf'S\J'1, GSSQP) J" " 

S 11: 

S 12: 

'. 

"END'" 
"IF" AREA=O "THEN" "GUTU" S71 
X I = 1<'1 
BSTUREC GARSUM. AIlSTUR. GARSUM. ARSTUIl.GSSOAIl) 1 
"GUTO" S7J 

"IF" IJL.OCK=O "THEN" "Gi.lTU" 5141 
"IF" CN=O "THEW"'CUTU" 5121 
"PRINT"'·l.4' CIJUNT 't.S',' SllE 'S(,'MEAN '56' STD OEV', 
"1"Ull" X j" \"5 lEP" \ "UN 1I1." . CN+ PN "OU'" 

" 

, .. 

"BEGIN" "IF''' IJINCXJ= I "THEN" UUTPUTCVAl.. CSU1, SSQC. Bl.OCK) J 
"ENU" J 

,-- 'j. ••. 

i "IF" PN=O .. THEN .... GUTU .. S13) 
"PRINT" "L4' pHlJ.JECTEO I.I·:NGTH '1.54' 51 ZE '56'MEAN '56' STD DE V' , 
"r"lJR"XI=\ "STEP" I "UNTIL" CN+PN "OU'" .. ' .. 
"BEGIN" "IF''' IJIN[XJ=O "THEN" iJUl'PUTCVAL. PSUM, 55QP.·B!..UCK), 
"ENO", . " 

S13: ."IF" AREA=O· .. THEN .... GIJTU .. SI") 
.. PRINT .. ··!.."· %ARE:A'!..S,,'MEAN '56' STD DE:V'I 
XI=\\I 

. QUTPure TT. ARSUM. SSQAIl. 1l1.lJCK) J 
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-
(lTM:JOl 

i 
1 
I ••. 

---
S 14: \ ""HINT" 

"L2'NUMIJEH!Jr' FIELDS SC,\NNED'.5I\MELINI::.DIGIlS(3,.SCANNEO. 
, 'L'NIJMIJEJl IJF J'lELDS IlE.JECTEIJ', 5AMELINI::.lJIGI TS( 3). REJECT. 
"VrtE1.lJ5 \\EHI:: USEO 1N',SN1ELlNE.OIGIl5(3"1J1.OCI<,. 

i 
I 
I 

.1 
1 

, ! 

, BLlJCKS UF·.NUMIJI~H. "1.6W/~" J\ 
"H'" CUUNTER "NE" SET' 
"THEN" "BEGIN" "i\I'r', "(;tJTU" 561 

"END'" 

: .. \' "IF" BLUCK=O "THEN" 
J: = n 1 
UUT5THIN(;( TI TLE.J) 1 
"P'HNl'''~'L''' J" 
LlUTSTHINC,(Ni\ME.I() 1 

"GUTll" 5171.' 

"I P" CN" 0 "THEN" "GUTLJ" 51~) 
"PRINT'" 'L'" CUUNT'LS/,' 5'17.£ 'S(,'M£IIN 'S6~ STD 
"PUll" XI = I "STI::"" I "UNTIL" CN+PN "'DU" 
"BEGIN" "IP" I.11N(XJ= I 

"THEN" UUTpUn VAL. GCSUM. GSSQC. GllLlJC1(») 
··.·ENU .. J 

, . 

OEV', 

515: "IF" I'N=O "THEN" "GllTU" 5161 
"PllIN T'~ • 'L 4' PJllJJ ECTEO I~ EN GTIl 'L S '" SI Z E 'S6' MEAN ' S6~S TO. OEV' , 
"FUR" XI=I "STEP" I "UNTIL" CN+PN ''~U'' 
"BEGIN" "IF'" IIIN(XJ=O 

"THEN" UUTPUT( VIIL. GPSUM. GSSQP. GBLlJC10' 
"END'" 

516: "If" III\E:A =0 "THEN" "GUTU" 517, 
"PIH rn'" "L ", %AH£II 'L S I,' MEAN '56' STl.) , OEV' , 

XI='" i 
lJUTPUT< n. GARSUM, GSSQAH, GI3LUCK) I' 

\; 517: "PRINT" "RIOO", 

"END'" 

"AIT, 
"GUTU" S5, 

.,' 

• 

200 

, f 

., i 

,"',r' 

i: ',' 

'. " 



~pendix 2 
FLOVI DIAGRAM AND DETAILS OF COBPUTER FROGRAMl1E QTM401 

QTM 401 
+ IJARNING 
y 
P FIELDC ADR 39 E ADR 1834 
E ADR 58 L S21 ADR 1835 
P FIELDA ADR 60 E ADR 1889 
E ADR 107 L 822 ADR 1890 
P BSTORE ADR 109 L 823 ADR 1921 
E ADR 141 E ADR 1939 
P OUTPUT ADR 143 PROGRAM 2004 
L H ADR 180 SCALARS 88 
E ADR 244 
E ADR 244 
L 81 ADR 413 
E ADR 457 
E ADR 492 
L82 ADR 492 
E ADR 604 
E ADR 658 
E ADR 70S 
L 83 ADR 706 
L s4 ADR 7S1 
L SS ADR '196 
E ADR 860 
E ADR 894 
L 86 ADR 895 
E ADR 949 
E ADR 983 
L 87 ADR 984 
E ADR 1022 
L s8 ADR 1023 
E ADR 1055 
E ADR 1111 
E ADR 1111 
E ADR 1164 
L S9 ADR 1204 
E ADR 1268 
L 810 ADR 1,302 
L811 ADR 1317 
E ADR 1360 
L 812 ADR 1384 
L S13 ADR 1415 
L 814 ADR 1447 
L S15 ADR 1478 
E ADR 1528 
L 816 ADR 1529 
E ADR 1583 
L 817 ADR 1584 
L s18 ADR 1615 
E ADR 1698 
L519 ADR 1753 
L S20 ADR 1784 
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procedures l'I1U,ll Cl' ntHI l'IlU.n 11 
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/j 

COUN'r=NUMllEH 

Block ond Globnl Blocl, 
usi 111~ P1'oco<lllro IlS'l'OHE 

810 811 812 
'-------.. ····r::::::.:=::. 

stor~, .. __ " .• ,.:..J ____ __ 

'"--;====-==;~::1_._"--.:.~, __ 
Cn le tnC(lll" n n<l rl t<l. dev of the 
block fiol<lo 011<1 PHINT results 
for both doi:oc tion levols using 
proceduro OU'l'PU'!' 

.. ____ -'81:1 :1H ::nL<;lrWllL.-;;;-'f ... _-., .. -

, rl-I->n-I-Nl'--<1-o-t-o-: ~'s 0 f how f i 0 1<1 S wo rOils od 
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LCOUNTElll5ET -

, ' 

P1tIN'l' 'l'J 110 and Namo ] -" ...... ~-
_.:~J_. ___ ""_._ 

CuIc, menns and stet dev o,r the 
globul blocl< fiolds nnd P1UNl' 
I"OsUltll for both detection 
lcvols \\s111l1 proceduro OUTPU'r 

520 521 522 523 
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Q'I'M101 

,I' ' 

QT M 401; 
:'''oEGfN'' ""EAL" rH. VI,. 1\1\. F. Go Y. FAi~. SlJEV. IJI\TEI 
: i "I N TEGEW·CN. f'N. r. J. I{. X. z. \,. 'Iln;A. IJI.lJCK. GIJI.lJCI(. SCANNED •. 

I 

I 
1 

11 

1I 

. , 

I CiJlJN T. NlII1IlE/i. liE.n:GT. 5[1'. CUI.IN n:I,; 
. ..INTEGEfl .... AHRI\Y .. I\( 0: 1 :,D). 1I TLI:( ()II~J.NN>IE( 0: !:lOl, 

. i "ARHAY"CS. PSC I :Il). BIN. V'~L, CSU;1. GCSU'1. PSU1. GPS\JM. SSQC. 
GSSflC. SSfll'. G!'Sf)I'. C.PC 1 :331.1lH. TT. Allt. AllSLII1. GARSUi1. 
.i\f'SlIM. AI\STUi,. SSOAi'. GSS()MH 0: I J J . 

I .. , 
i 
1 

1 

I 
, ' , 

I 

"Sk'ITCH" St.iI=SI.S2.S>1.S<j.S~.S( .. S1.S!3.S'l;SI0.SltiSt2.' 
513.$14.513.516.517, S18. 51'). 520. 521.S22. 
5231 

. "CUIlE" "PRUCEOUIlt: .. LININ<Y)I 
.. INTEGEH .... I\HHAY .. YI 

"ALGUL. '" 

"PROCEDURE" F I EL IlCi'( AI\. um I 
"Alm,w" AI\) 

"I NTEGEW"'I\IlIlI\Y" HilI 
"BEGIN" AACXJ:=IJ~C4~X-IJ+AACXJJ. 
"ENO", 

:, " 

"PRlJCEDURE" FI EL 01\< Im. CC. DO. EE, NU'1BER) I' 
"I\HHI\Y" CC,DD,f.EJ 
.. INH:G£fl .... i\imAY .. UBI 

. "z'NTEGEfl" NUM Br::l<1 . 
"lJEGIN" cce W11 =UIlC 'l-X- I J /100; 

DDC WJ: =CCCWJ INU'1I.1EH+DDC wJ; 

, , 
'\.: . 

", 
EEC WJ I = cce wJ iNUM BEH+ EEe WJ I ,:' ' 

"END'" 

"PRUCEDUHE" USTUREC FF, GG. SUM I. SUt12. SS()J 
. I . "AHHI\Y"FF, GG, SUM 1, St.r.12, SSQJ 

"BEGIN" SUMleXl:=FFCXJ+SlIi'12eX.lI. 
t SSQeXl:.=GGeXJ.*GGCXl+,SSQex,l, 

"ENU", 

"F>ROCEDURE" OUTPUT< TT, SUt1, SSO, ULUCK), 
"I\HHAY" TT, SlJt1. S5fll 
"[Nl'EGf:W' llLUC~<1 

"BEGIN" "51.'[ TCH" Sk':=111 
"PHINT" "L'" 

.:,1': 

-. 

HI 

"[F''' THX1=-1 .. TItEN .... GUTU .. HI 
"PHINT'" SA~IELINE.I\!.IGNEO<~.I),TTCX1, "52", 
"PRINT" SAME!. INE. Al. I GNr::O( 3.4), SU'1CXJ 'BLUCK' 
"I F''' BI.UCK "GE" 2 "HI [N" 
"llEGIN" 

t. 

' .. , 

Y: :: C SSQ( X 1 - (C 5U.'1 ( X 1 ~ SlN ( X J ) I Ill. UCK ) ) I ( 81.. QCK- I ) , 
"I." Y "LE" 0 "TH£::N" SDEV:=O 

"EL SI," SDEV, = 50"T (Y)' , 

"PHINT" SAMEl.INf·:, "53". ALl GNEIl< 3. ")' SDr::VI 
"ENO", I. 

"ENU", 
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I , 

I 

I , , . , . 

'1 

QTil '101 

"HUIO" OATE, rH, F\\, All, CNI 
"FUR" I: = 1 "STEP" I "UNTIL" CN "OU" "1l[AO" CSt III 

! 
I 
" . 
! 

" : 

I 
"HEAO" PNI 

., .," 

5 I: 

"FU ~{" .J: = 1 .. 5 T El'" 
"I<EAD" AIl[A,SETI 
K I = 1I 

"UNlIV' FN uIJU" '~HEAO" t'S[JlI., 

"FUHtf X::;lo"[;T[P" 1 "UNTIL" 51::T+l "DU'" 
INSTI<ING(NN1[,IO I 
FAI<: =F'II-F\\, 
NUM II E I{: " ,\ 1<1 fo" 1\ I~ , 
~'PR 1 N T" , 'L' L>A H:' , ~N1 [Cl. IN E, AI. 1 GN U)( 6, 0), 1>11 n:, 

• 'I~' ~'I ELl) \\11)"111 f. 11[1 GH T', i'lL I GNU)( 1.2), fo"W, FH. • 
"\..'EXAMINEO IIIH::II',,\LIGNEO( 1,2),1111,' SO MMS',· 
•• L-T\\(} OE.l'ECTIUN LEVELS"; ,.1' 

\\I\IT' 

Z 1= CN+ PN+ AHEI\l 
II=J:=O, 

. "11 .... I+J=CN-PN "THEN" "G!JTU" S"I 

" .. ' . ", 

"IF" CN=O .. THEN .... IJt:GIN .. ,h=,)+ 11 IlINCJ1:=I.!INCJ+Z11=OI,·' 
V I\L Co)] : = VAL C .1 + Z 1 : = f'S (.) 1 I 

"GUTU" S 1I 
"EN!)"; 

."IF''' PN=O "TI1£N""IJEGIN" I:=UII 13INCIlI"IJlNCt+ZlI=II:' 
VAt. ell: = VALe t + Z 1 : = CS t I ]j . 

. "Guru" s 1I 
"END'" 

52:,' "IF" I+,~=CN+PN "THEN'" "Gurl]" 
"IF" I:CN . "THEN" "GUTU" S3i 
"IF" J:PN "THEN""GUTU" 541 
1:=1+ 11 ',JI=J+I I '. 

, I 

, "IF" CSt I l=PS[JJ "THEN" , 
"BI:: GIN "IJ I N ( I .: ,.1- 11 : "Ill N ( 1 .. ,j- 1+ 1.] I .. 11 

BIN Cl" ,) l.:: BIN Cl;' ,) .. Z 1 : " 0, 

, ;'." 

I 

MMS· •. 

\ VA1.t 1 ;. J - l' 11 "WILt I + .) - I + 1. 11= C S C I 11 , 
VALe I + J ] : : V AL r. I + ,1 - Z 1 : ;. PS t J 1 , 
"GUTO" S21 ,. ,." 

. : .... 

, . 

1 

1 

1 

...•• ·1 .. 

; I 

I 

·· .. ::1 
" ." 

<i 
····1 

" " ' .. " :1 

.'. J 
.... , I 

',1 

"£NU"I . . ! 

"11''' CSC 11<PSeJ 1 

, 
I 

"GO TU" 52' 

'''1 ,'.~ • I ~. 

"TH EN" 
"UE G t N "U 1 N C 1+ J - Il:" 131 N ( 1+.) - 1+ Z 11 " I J 

"EN U" 
"ELSE" 

V AL C I + .J - I 1: = V ALe I - J - I + Z 1 I .. CS n 1 , 
. .1:=J-II 

"UEGtN'!IJINC I+J-ll:=IJIN( t+.)- I+Z11= 01 

tfENU'" 

20~ 

VAl.( l+J-lll"VAU (+.1- I+ZlI=PStJlj 
1:=1-1, 

., .. ",,"',." .... , ... ~ .. .,.., ... -, I . ",: 



: 

I 
I 

\ 

I 
1 

I 

I 
I 

I 
I 
!. 

I 
53: 

i . 

I 
54: 
. ~ ! 

55: 

I 
I 

Q'l'M101 

J:=J+1l 
IJI N e I + J I : = BIN ( I • J. Z I : = IH ,'," 

V AI. ( I • J I I = V AI. e I + ,1" Z I : = PS (.J I I 
"I." J=PN "THt::N" "GUTU", S~ "El.SE" "GlJTU" 53J : ~" . 

1:=1+11 
!l IN e 1 .. J J : = III N e I .. ,J. Z I : = 1 I 
VAL Cl :,. J I : = VAL ( I+.J. Z I : = C S [ I 11 
"IFH I=CN "THEN" ttGUTU tf !:i~ "ELSE tt HGUTU u 5'H 

"PRI NTH" "L'6 fi1
" J 

JI=OI K:=II 
INS T HI N G C TI TL E. <J) I ' . 
l<'i\I T 1 

Cl IIIN T EH 1 = G nUl CI< : = () I; 
"fH OIl'=HlH 11: = 01 TH OJ: =TH 11: =- 1I .. ~.",." 
"fUW' XI =0 "STEP" 1 "UNTIL" 1 "DU" 

"IJEG 1 N" 
GARSUMeXl:=GSSOAReXl:=OI 

"ENO"J 
".UR" XI = 1 "STEP" 1 "UNTIL" C2'Z)-1 "DD" 

.. 
"BEGIN" ...,. . 

GCSUMC X 1: = GPSUMCX 1: = G5SQC[Xl:= ,GSSQPCX 11& 0' 

"ENO"I 
, I.' ' 

56: . JI =01 

I' 
I ,57: 

I , . 

UUTSTRINGC TI TLE. ,J) 1 
, ,"PH I N T" " "L" .. J 
UUTSTRINGCNAME.IO I 

SCANNED,:: HE,JECT: = I3LUCK 1= 01 
CUUNTEH:=CUUN1ER+11 
"FUR" XI=O "STEP" 1 "UNTIL" 1 "LJU" 

i . "IJIC(;IN" F,\HSUMeXl:=ARSLlM(Xl:=SSQIIIHX11=0, 
~'EN()"J , 

".0"" XI: I "SlEP" 1 "UNTIL" (2*2.>-1 "Dd" 
"I.lEGIN" CSU.'1(Xl:=I'SUMCX11=SSOC(;<J:=SSQPCX11";0,. . ,~ . . 
"END", 

'*, (" 

AHSTURC OJ I =ARSTlJI<C 1 J: = 01 CiJUNT: = 0; 
"'OR" XI: I "STEP" 1 "lJNTIL" C 2.Z)· I 

"BEGIN" cexl:=peXJ:=OI 
"ENO"I 
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I 
\ 

1 

\ 

I 
I 

j 

j 
I 
1 

i 
I , 
! 

Q'fM101 

, , , I 

I 

,S 8: L I NI N ( A' I 

"IF" AC 0]= I "THEN" "GU'liJ"SI:I; 
"If" ACO]>I "OIl" ACll ~'NIC" (2<7.'+1 

"THEN" "IlU>lN" I,E.JECT:=HE,JEGT+ 11 
"GUTO" S81 

"EN U" J 

"F'UR" XI=7.:+ I "sn:p" 1 "UNTIL" 20Z "DU" 
'''BEGIN'' A[ 4tX- I]::A[ '''X- I J-AC ll.CX-Z'- t] 1 

.. I .... AC4*X-IJ':[J "TIII::N" 
"BEGIN"· HEJECT: =llE,)I,CT+ I' 

"(,Ull)" Sill 
"END'" 

"END'" 

CIJUNTI=COUNT+ I; 
SCANNEDI=SCANNED+II 

"FOR" XI = \ "STEP" \ "UNTIL" PN+CN, 
Z+ \ "STEP" 1 "UNTIL" Z+I'N+CN"DIJ" 

"BEGI NU 
"IF"BINCX]=\ "THEN" f1ELDCP(C.A' 

"ENO"I' 
"ELSE" F"I El. DCP( p, A>I 

"If" AHEA=O "THEN" "GUTU" S')l 
\;,:,.01 XI=ZI 
fl ELOA( A, ARE ... A"5UM. AI,STUH, NlJMllEH) I 

I 
, 

WI=II )(:=2-Z1 
fl ELOAC A. AHE. FAIlSUM, ARSTllR, NUMUEI<) I 

"IF" CUUNT<NUMUEH "THEN" ;'GUlU" 'S11I 
BLOCI< I = BLIJCK+ 1 I 
"FOR" XI=\ "sn:p" \ "UNTil," PN+CN, 

Z+ 1 "STEP" 1 "UNTIL" Z+PN+CN "DU'" 
"BEGIN" tllFttBIN(Xl= I .' I 

"THEN" BSTUIlEC C, C, CSUM, CSUM, 5SQC) 
;'ELSE" B5TUHE( 1', p, P!,U'1, PSUM, SSQP) I 

"EN 0" I 
"IF" AHEA= o "THEN" ",GUTU" SI (J I 
\;'1=01 . 
"FUR" XI=\;' "STEP" \ "UNTIL" \\+ I "DO" 
IlSTO~E( RR, ARSTUR. ARSUM, "ARSUM, SSQAfU I 
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t , 
i 
I 
I 

\ 
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I , 

, 
I 

\ 
I 

i 
I 

I , 

I 
I 

I 

'510: 

SIP 
I 
I 
I 

I 

512: ! 
I 
I 
1 

Q'l'M101 

,- ----r-
"UNTIL" G "DU" 

I 
GtlLllCK: =GULUCI<+ 1I 
F I " I I G: = PN+ CN I 
"FUR" X I =F "S TEP" 

,"BEG I N'~ 
.. I .... BINCX)=\ "THEN" IISIllHECC,C, GCSL)M,GCSlJM, GSSQC) 

"EL SE" IJS lIJ"I:( P, P, GPSUM, GFSU'1, GSSQP) J 
. "EN Of' J 

"IF" F=Z+ I "THEN" "GunJ" 5121 
F I = Z + I I G: = Z + I'N + eN) 
"GIJTU" 5111 

"If" AREA=O "THEN" "GUTU" 571 
"FUR" XI=W "STEP" I '-'UNTIL" W+ I "DU" 
BSTIJRE( GAHSl1M, IIHSTlm, GAllSUi'" AI\STUR, GSSOIII<) J 
"GIJTIJ'~ S71 

~, 

, ' 
!.' 

- , 

.- . , 

"',' 

513: "iF''' 13LllCI{=O "THEN" "GUTU" 518; 
, ,W: = 0 J F: = 1I G: = PN+ CN I 

.. PIHNT .... L4·F1RST OETECTtuN LEVE.L'; 
"GUTU" 5 I ~J 

514' W:=II FI=Z+11 G:=Z+PN+CN; 
.. PlUNT .... L4·SECOND DETECTlUN LEVI:-L'j 

515:,' "IF" CN=O .. THEN .... GllTIJ .. 5\61 
"PRI NT'" 'L 4' CUUNT 'L SI,' SI Z le 'S6' MEAN '56' STD utv' I 

:! "FUR" Xi:" "STlcP'" \ "UNTIL" G "DU'" 
,"f3f:GIN" "IF" IJliIiCXJ=\ "THEN" IJUTPUHVAL,CSIJr1,SSOC,BLUCK)1 
hE.NlJltJ . 

,SI6:' "IF" PN=O .. THEN .... GIJTU .. S\7;, 
"PRINT" ~'L 4' PRllJECTEO LENGTH '1. SI,' SI ZE 'S6'~lEIIN 'S6' STD DEV' J 

I 
i' 
!S) 7: 

,I, 
I' 

I 
I 
S 18: 

I 
i 
'i 
: I 

I 
, I 
. i 
; 

.... UR .. X1JF' "STEP" I "UNTIL" G'''OU'' • , . " 
'''OEGIN'' "I F" IJIN(XJ= 0 "THEN" llU1PUH V ilL , PSLMi Ssop, BLOCK) J 
"ENO"I ! 

"iF" I\HI::A=O .. THI::N .... GUTU .. , stH' . , 
.. PRINT····L4· 'ZI\HEII 'LS/,'MEAN 'S6' STll,\,DEV', 

"'·,'l 
XI="" ,.,:," 
OUTPUT< TT, ARSUM, SSQAH, nUJCI<) I 

"IF" 10:=0 "AND" llLUC~<>O "lH[N" "GUTD" SI/H 
"P"INl" 
"L2'NIJMf3E" OF FIELDS Sr:ANNEJ)·,~;AMEI.INE,[)IGITS(:)).SCANNED • 

•. . "t.. • NUM [lE R UF F\ EI.IlS IlE,] Teen:\)' , SAM[L 1 NE, D l GI T SC 3), REJECT. 
"L'rtELDS Io:l"U: USED IN·,SIIMELINE.OIGIlSCJ),rlL[JCK. 
·-IJI.UCKS UF',NUMUER, "L6R7!>" , . 
"IF''' COUNTE" "NE" SET" -'.' 
"THEN'" ~'I3EGIN" 1<1\1 Tl "GUTU" 561 

~'END"'. 
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1 

I 

\ 

I 
519:1 

, , , 
; __ ._ .. , ..... L _____ _ 

"PHINTU"L 41 41 J 

.. J:=OJ 
UUTS Till NG( TI TI. E, ,) 1 
"PHINr""L 41" J 

OUTSTIlING(NAME, 1<) I 

QTM~Ol 

"IF" IlL[JC1(~ 0 "THEN" "GUlU" S231 
WI=OI Fp'!) G:=PN+CNI 
.. PHINT .... L/l·rtHST DE1ECTlUN LI~VEL'I 

"GllTl]" S::!OI 

WI=II FI=Z+II G:=Z+PN+CNI 
"PHINT""L/,'SECUND VEn:CTIUN LI~VEL'J 

I , 
I 

.', 

" 

" , ' 

I 
, ' 

, ' , ' 

520:' "IF" CN=O "THEN" "C;UTU" 5211 
"PllINT';' 'L4' CUUNT 'LS/j' SI ZE '56'MEAN '56' STll ll[V' 1 
"Fllll" X'i=F .. STI:P .... I "UNTIL" G "Dll'" 
"IJEGIN" "IF" BIN[Xl=1 

"THEN" OUTI'UH VAL" GCSU1, GSSQC, GIlLUCIO 1 
"END" 1 

" 

" ..... 

'521:' "IF" I'N=O "THEN" "GUTU" ~j221 ! 

522: 

"PH I N T" , 'I... 4' PHIJJ [CTED I. F.N G lH 'I. 54' SI Z E '56' ME AN '56' STD DEV', 
"FUW' Xi:F "STEP" I "UNTIL" G "DU" 
"UEGIN" "IF" IJIN[Xl=O 

"THEN" IJUTPUT< VAL, (;PSUt1' GSSQP, GIJI.[JCf() 1 
"END"I 

"IF" AREA =0 "THEN" "Guru" 5231 
"PRINT" l' 'L4' %AHEA 'LStj'MEAN 'S6' Srll DE V' 1 

'. XI=,WI '" 

! 
I 
523: 

I 
i"ENO"1 

UUTPUTC TT. GAflSUM. OSSOAIl. GULUCK) J 

"IF" W;O "AND" flLUC\{>O "THEN" "GU,JU" 5191 
"PRINT" "RI 00" 1 

\" ....... 
WAI TJ' 
"GOTO" S!>I' 
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6J'pendix 6 

DETAILS OF COMPUTER PROGJWf,ME QTMI02 AND 202 

QTM 102 
+ \,ARNING 
y 
P FIELDC ADR 43 
E ADR 62 
P FIELDA ADR 64 
E ADR III 
P GRADER ADR 113 
E ADR 143 
P BSTORE ADR 145 
E ADR 177 
P OUTPUT ADR 179 
L H ADR 216 
E ADR 280 
E ADR 280 
E ADR 470 
L Sl ADR 477 
E ADR 509 
E ADR 532 
L S2 ADR 532 
E ADR 608 
E ADR 642 
E ADR 669 
L s3 ADR 670 
L s4 ADR 699 
L S5 ADR 728 
E ADR 819 
E ADR 851 
L s6 ADR 852 
E ADR 888 
L s7 ADR 889 
E ADR 923 
E ADR 964 
L s8 ADR 1011 
E ADR 1064 
L S9 ADR 1085 
E ADR 1140 
L S10 ADR 1141 
E ADR 1195 
LSJ.l ADR 119~ 
L S12 ADR 1227 
E ADR 1398 
PROGRAM 1440 
SCALARS 73 
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Appendix 6 conti~ 

QTMI02 

--------- r---'--
QTMI02; I' 

:'-'II'{GI-N" "REAL" rH. V\>" ,'R. Y. V,\I<, SIWV. DATU, .! 

I 

, I , 

i . , 

"INn:c,EW'CN. 1'1\.,. ,I. x. \,.AIH:A.IlLUCI(. SCAN"'I':U. CUUNT, 
NUM!J[H. RUE,ClI 

.. INIEGER .... '\HllIIY .. M [1:7:'). 1I'IU:( 0: 1:'1. (;111\0[( 0: :']J 
"ARRAY"CS. PS( I:fl I.UIN. VAL.C5UM. PSU:-1. SSrlC. SSQI'. C. PC 11 16). 

RR. TT. I\I,[.ARSIIM. rfll,slJo"l; ,\RSTUI<. 5~;QI\J\( (J: I). LA...Lt.. 
LIMiTS(O::'11 ," 

.. S \0,'\ ICH" 51<': = SI. 52. ~d. S '" !:;!" SI" S 7. S8. S'J. S I O. S I I. S 12 J 
"CtJUE" "PRUCEUURE" L I N I N (Y) I 

.. INTCGER .... ARl<i\Y .. Y; 
I' ,"ALGUL" I 
I ' 
I 
I, 
I 
! 

,I 

"PRIJCEOURE" F J 1:l.1!C"( 11,\. I.PD 1 

"!lCGIN" 
"ENU"I 

"ARllIIY" AI\ I 
.. JNll:Gt:l, .... MWAY .. Ill);, 

AACX1:=IlIlC 1,.,(- I]+AACX];' 

"PRUCEDURE" f'lU.O!\( 131.1. CC. DU. n:. N U:-1 BER) I 
"AH!lAY" CC. DD. LE 1 
"IN llcGCR .... "'iliIlY .. BI.lI 
"INIEGCl<" NU)1U[llI 

"BEGIN" CC(I<']:=13 13(/"X-I)/100I 
uue \\ 1: = CC( 1<) INUMfJEIl+ llDe 1<11 
EEC I< ]I.=CC( 1<) INu"~nCR+ £E(.I< I I 

" "ENU"I 

,-< 

"PRIJCEUURE" GI<AUEIH CC. HH. 11. ,JJ) 1 
",'I<RAY" 'CC. I I. J,J I 

1 
.. INTEGER .... I\HR,W .. HH; 

"BEGIN" 
"IIF" CCCI<] "GC" J,JCX) "ANU" 

CC(I<I < II[XI "lHEN" HHCX):=fjlICX)+11 
"ENU'" 

"PRIJCEUURC" I3STIWE( n'. GG. 5U"l1 .,5JJM2. SSQ) I 
"I\HRAY"FF. GG. SUM I, SIJM2. SSQI 

"IJEGIN" SUMI(XII=Fr-CXI+SU~12(XII 
SSQCXI:=c,GCX)'Gc,(~J.SSQC~)1 

, "EN D"I 

"PRUCEUURE" UUlI'Ul( TT',SLI,'1. SSQ. !JL[JCI<) I 
"1\l<HAY" n. SU'1. SSQ I 

," 

" ", 

, , ' 

" 

;' -, 

, 1 ' "I N TEGER" ULtJCK I 

( 

2II 

1· 

, ' 

.... '" ' I ' 
:-.:..----' 



, 
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.1 

I 
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I 

I 

"BEGIN" 

HI 

"END'" 

i ______ .... __ ... ______ _ 

Q'fM102 . 

I "SI<ITCI~" SO':=HI I 
.. PR 1Nl .. ~'L , ... 1 

1 .. [,.. .. 11CX1=-1 .. ]HEN .... (,UIU .. HI 
uPRINT" SAMEI.INE.ALIGNE[)(!>,I).T]'[Xl. "52'" 
"PRINT" S.\MELINC •• iLIGN[[)(3,4),SUMeX1/IJL.OCI</ . 
.. I,.. .. IlLUC~. "GI::" :; "THEN" 
"13E:GIN" 

Y:' (SSQex 1- « SlIMe x l'SUMCX 1) /UI.UCIO) I( I3L.OCK-'), 
"I r" .y "1.l::" 0 "TliEN" SUEV:" 0 

"[I. SE" SUEV: =SQHT (VII 
"PRINT" SAMEL.INE. "S3~"ALlfjNr::I1(3.4"SOEVJ ... 

"EN D", 

"REAO" lJATI::,FH./o"l<.AR,CNI -:',' 
"fUR" 1:= I "511:':1''' 1 "UNTIL" CN "UU" "'/l[AD" 'eSt 11,: 
"REI\/)" /,1\, 
"FUR" .)1=1 "STEP" 
"REI\O" AREM 
fARI :fH*FI.\, 
NUM HER I: AR/ F AI" 

"UNTIL" PN "lJU" "/lEA/)" PSCJ), 

. "PRINT""L 'OATE'. S,\MD.INE. AI. I GNED( /;u 0). Uf\TE:, 
. "VFlEL.[) O'IUTH I. HEIGHT',ALIGNED( 1,~),f"',f'H, ~MMS', 

"VEXAMINEU AREf\',ALIGNEU( I,~).AI~,' sa MMS',' . 
"V UNE UE TEC 1\ UN LEVEL UNl. Y' '.' . 

SI: 

. ' II'A[ Tl 

"fUR" XI: I. "STEP" 1 "UNTIL" ~ "uU" "REAU" LIMl TSCX1, 
LI.C011=O, Ul..C!>J:=IOO, 
"rU"" XI: 0 "STEP" 1 "UNTIL'" 4' '''UU'' 
"BEGIN" Ul.CX11=l.L.CX+IJI=LIMITSCX+11,· 
"ENO .. ,I· . 

I 
I\'AITI 

II~JI=O' 
"If" I+.J=CN+PN "THEN" "GUIU" S~, 

... If .... CN=O··.·THEN· .. ·l.lEGIN .. d:=d+l1 I3INCdJI=OI 
VAI.C-)JI =PSCJ11 "(jLllU" SI':"" '.'. ii: 

. ·"EN 0" J 

"IF" PN=O .. THEN .... I3EGIN .. I: = 1+ I, fHNC III = 1I 
VALC I J I =CSC 11 , .. "GU1U" SI I 

"EN\)" , 

52: "IF" I+J=CN+I'N "THEN" "GUTd" 5!>, 
"II''' 1= CN "THEN" "GUTtJ~' 53" 

. "[1'" J=PN "ll-iEN" "Gun)" S4' 

, 
I. 

I I = [+ I I ,.J .. ,J+ " 
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"IF" CSC II=PSCJl .. l'HEN .. ··Bl::.G:tN .. utNCI+J-ll:=11 I.IINtt+Jl,=OI 
VALe {+,)- 11: =esc 11, 
V"LCI+,JJ:=PSCJJI 
"GUTLl'~ S2! ",,', .... 

\ . 

"I~'" CStll<P5t.J] ·'lHEN· .. ·Ilr-:GIN .. 13INCI+.J-Il:=11 

"El\: ()" 

VALe I+J-I'),:=CSC 11'. 
,):=.)·11 

.. ELSE .... IlEGI·N .. B1NCI+,}-ll:=OI 
VALCI+J-111=/'SC,)lI' 
H=I-II 

I "GUTU" 521 ",,' ., .... 

SS: .. 

-', .' 

,):=J+II 
131 N C 1 + .JlI .. 0 I VAL C 1+ J 1 : = PS e .Jl I 
"(F" .)=PN "THEN" "GUTU" 5~ "ELSE" "Guru" S31 

1:=(+11 " ,., 

BIN e 1 .. J 1: .. 1 I VAL e 1 ".n : = C S C ( I I . 
"IF" I=CN "THEN". "Goru" 5~ "El~SE" "Guru" 541 

"PRINT"'··1..6"·,j 
J: = n I 
(NSTRINGC TITLEd) I 
,)1=01 
UUTS rRI NGC TI TL E •• ) I 
.... ·AlT I ! 

SCANNI::O: = REJECT: = BLUC\(: = 0 I 
RRCOII=RRCIlI=OI TTCOI:=TTCI1:=-11 
"FUR" XI:O "STEP" 1 "UNllL" ~ "DU" GRI\IJECXl:=OI 
"FUR" XI=O "STEP" 1 "UNTIL" 1 "DU" 

"BEGIN" ARSIJ'1(Xl i=VARSU"1CX]I=SSQAHCXII=O,' 
"ENO'" 

"rOW' XI=I "STEP" 1 "UNTIL" PN+eN "OU" 

!. "'''0 ' 

' .. 

"UEGIN" CSUMCXI:=PSUMCXI.I,=SSQCCXII=SSQPCX11::O," 
"ENU'" 

ARSTlJR(OII=ARSTiJRC 11: =01 CUUNT:=O, 
"FUR" XI=I."STEP" ( "UNTIL" f'N+CN "DU" 

"BEGIN" ceXII=I'CXI:=O, 
"END'" 
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• 
LININCf\)1 

"IF'" AC 0)= I "THEN" "C,UTU"S9i 

r 
I 

"n'" ACO»I "UW' ACI) "N[" I'N+CN+AIlEA+1 
uTHf::N" "BEGIN" IlEJEcr:=REJECT+ 1I 

"GUrU" S71 

CUUNTI =ClJUNr+ 11 
SCANNEUI=SCANNEU+ll 

,"ENO", 

I
'. "fUR" XI=I "STEP" 

"BEGIN" 
I "UNTIL" PN+Cr-;' "DU" 

I .. I .... IJINCXJ=I "lH[N" FlELDCPCC,A) 
"ELSE" FU:LUCPCI',A); ! 

"END'" 

"IF" AI'EA=O "lliEN" "GUTU" SBI 
\\1=01 XI=PN+CN+M~EAI . 
fl ELUA< A,ARE, FiIllSUM, Ai\STdfl, NLMBCR) 1 

.·"'FUH" XI=O "STEP" 1 "UNTIL" ~ "UU" 
GIlADER( I\HE, GRA!)E, UL, LL) 1 

i ", 

:58: UH'" CUUNT<NUMI3ER "HiEN" "GUTU" 57J 
BLIJC\{: =!lLUC\{+ 11 

I 

HFUR" x: = 1 "STEP" "llNIIl.." P~+CN "Du" 
"f3I::G IN" 
''If''UINCXJ= I "THCr-;" Bsrilf,EC C, C, CSUM, CSUM, SSQC) 

"ELSE" I3STUf,E( p, p, PSUM, PSlJM, SSl'lP) 1 
"E.NO··' 
"IF" AI/EI\::O "THEN" '''Guru'' $'), 
XI =\\, : 

, IlSTlJREC RH. ARSTtJR, ARSll'1, FMlSUM. SSQAR) J 
"Guru" S61 

"If" HLUCI<=O "THEN" "GUTL)" S121 
"I r" CN= 0 "TH EN .... GUTU .. S \ n 1 
.. P.I'INT .. ··L4· CUUNT 'LS4' SIZE 'St,'MEAN 'S6' Sl[)[)EV'1 
"FUR" XI=\"STEP" \ "UNTIL" CN+PN "UU" 

.. " . . . ,' 

, 
" 

"8EGIN" "If" IllNCXJ= I "HiEj\;" UUTPUT<VAL, CSUM, SSQC, BLOCK) I. 
"ENO"I 

SIO:. "If" I'N=O .. THCN .... GUIU .. SIll 
"PfllNT" "L4' PRO,JECTEO LENGTH 'I. SI,' SIZE 'S6'MEAN 'S6' STD DEV', 
"ftJW'XI=.1 "STEP" I "UNTIL" CN+PN "DO" " ( 
"BEGIN" ,"I"''' UINCXJ=() "mEN" UlITPUHVAL', PSU'" ssop, llI.UC!O,'· 
"ENU'" 
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"11'"" M,EA~O .. IHEN .... GiJTU .. SI21 
""HINT'" '1.;4' :',\"£A 'LS4'MEI\N 'Su' ST!) !)EV'I 
XI =.', 
UUTPUT< TT. ARSUM. SSCJAR. BLUC'O, 

\ 

"PRINT" 
, , ' 

"L2'NlJI'1!JER UF Fi[1.DS SCi\~~[O'.SAMEL.INt:.lllGlIS(3'.SCANNED, 
"L'NIJ.'1IlER Ur' FII::1.0S I\E.JECTED',SAMELINE.lJIGITSC'3',REJECT. 
"L'FIELOS .EHE USED IN'.SI\~ELINE.OIGITS(3',8LUCK. 
, UL.UO< S UF'. NUi'1llEI,. 

"L~'NUNIJEH tJr" FII::LOS·. 
"L' G R 1\ lJ EO' • S 1\01 El. I N E'() I ld T:; ( 3). G HAD I::( n J • 
"I.;'GHf\l)E: I '.SAI1ELINE:.DIGITS(3).GRI\[)E:[II. 
'~'GHAlJE: 2 '.SAMEL.INE.UIGITS(3).GRAOEC2J. 
"L'GRAl1E 3 ',SAMEI.III:E.UIGlTS(3). GRAlJECJJ. 
"I.;' GRAUE 4 '. SN1EL.lNE,()! GlTS( 3). GRAOEUll. 
"I.;'GRAlJE ~ ',SAMEL.INE.llIGITS(3). GHAOE:[:'] •. 
""100", 

\\AITi 
,"GUTU" S!ll 
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y 
P FIELDC ADR 43 
E ADR 62 
P FIELDA ADR 64 
E ADR 111 
P GRADER ADR 113 
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P B8TORE ADR 145 
E ADR 177 
P OUTPUT ADR 179 
L H ADR 216 
E ADR 280 
E ADR 280 
L ADR 477 
E ADR 502 
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E ADR 560 
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, Q'l'M202 
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arM 202;' 

:1 
, 

.. I 

'm:o'IN'" "HEAL" F'I~. F\"lIl~. Y. FIIH. :W[V. 1.1I\1'E' 

" 

I 
" 

, 

, , 

I 
,I 

"INTEGER"Ct\. PN. F. G. I. ,I. X. 7... \" I\REI\.IJLUC'(. SCI\NNED. CUUNT. 
NUM IIEIl. Ill,:,,) cc T: 

.. INTEGEIl· .. ·,\I'H'W .. Aen: I~Ol.lITLE(O: l~l.,GI~I\IJUO: 11)' 
"ARllII,Y"CS.I'S( I:fl 1. BIN. VI\I.. CSlIM, PSU"I. SSOCI ssoi'. C. PC I: 3.3). 

, RR. TT. MlE.I\JlSIM. FAJ,SUM.AHSTUR. SS(Ji\ll( 01 11.LIMl TS. 
'. UL,LLCO:IIJ: " , " 

.. SI, ITCH" 5 \\: = S'I • S,'?, S 3. SI," s~. 56. 57. S8 I 59. sIn. 5 I I. SI 2. SI J. , ' 
S I III 

! ' "CUDE" "PIlUCI~lJUHE" L !NIN(y) I 
.. INTEGEH .... I\IlHI\Y .. Y' 

"AL GUL", 

""RUCEOURE" fl CLOCI'( 1\1\. 1.l1J> I 
"AJ<RI\Y" ,1\1\: 
"I N TEG£Il .... I\IlI\I\Y .. IJ[Jl 

"UEGIN" AACX1:=UUC".X-IJ>AI\CX11 
"END'" 

"PRUCEOURE" F I EL DII( Bt:!. CC. DlJ. EE. NUMBEH) I 
"AIlIMY" CC. DlJ. 1::1::: 
.: I N TEGEW"',\IlIlAY" IlfH 
"INIEGEIl" NUI~Il[1\1 

'''UEGIN'' CCCI.:1:=BIJC4·X-11/IOOI 

"f:NO'" 

DO( I.: 1 : = CC C 1.:1 IN U'1B le 1,+ DD ( I.: J J 

EEC 1.:11 =CCC \\l/NIMBJ::H> EEC 1.:1 J 

,"PIlUCEbURE" GIlI\l)ERCCC. HII. I I. J.J)' 
'I "I\RHAY" CC. 11. ,IJ I 

, .. INTE.GEIl .... I\IlHAY .. HHI 

"GE" J,JC x 1 "AND" 
"!3EG I W' 

"IF" CCC\\l 
CCC\\) < IICX1'''nIEN'' HHCX):=IIHCX1,+I' 

"EN 0'" 

"PRUCEOUHE" UST/JHE( VF. GG. SliM I. SU'12. SSQ) I 

"I\""AY"FF. GG. SUM I. SIJM~. SSQ, 
, .. UE GIN" 5 UM I ( Xl: = F Fe X 1 + 5111''12 ( )( 1 J 

SSOCX11=GGCX1*GGCX1+SSOC)(11 
"EN 0'" 

"PRUCEDURE" UUTI'Urc TT. SUM. !;so. IlLUClO , 
"i\I,IlAY" TT. su~. SSOI 
"INT£G£H" 131.UOO 
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QTM202 

... I' 

I 
"BEGIN" "5\\1 TeH" 51<: =111 

HI 

"PRINT" '''L 4Io
'; 

"IF" THX1=-1 .. lHEN .... GiJTU .. HI 
"PRINT" SIlMELINI':,/\LIGNEI)(~,.I), TTC:O. "52" J 
""RINT" SIV-1f:1. I t><r::, IILlGNEIH J, 4), SIJ,\1[X1/liLlJCKJ 
"IF" IJI..UCK "GE" 2 "THEN" 
"UEGI N" 

V: = (SSO( X 1 - « SUi'1C X 1 * SUMex J) IIll.UCK» IC BLOCK· 1)' . 
"II''' V "LE" 0 "THEN" SOEV:=O 

"EL SE" SOEV: = Sf)lll (Yl' 
, "PIH N T" SAM El. I NI::. "S3". AL I GN rcuc 3. 4), sor::VJ 

"ENO"; 
"ENO'" 

"HEllO" DATE, FH, FI<. AR, eNI 
"FUR" I: = I .. s lEP" I "UN T It." eN "DU" "R[AD" cse 11 J 
"HEAD" PN' 

", "r4 \JR" J ~ = \ "STr::P~' 

"READ" AREII' 
FIIR: ~FH.FI<I 
NUMBERI =IIRI[;ARI 

"UNTIL" PN "DO" "HEIID" PSeJl J 

"PR IN T" • 'L' !lll TE' , S AM EL I N (C, ilL I GN EO( 6, 0). OA TE, . 
"L'F'IELD I<IOTH t. HEIGHT'.ALlGNI::OC Idn,n:,FH, ··MMS', 
~'L'EXIIMINE[) Ar<EII',IILIGNE[)(1,2),IIH,' so MMS', , 
"L'T':U DETECTIUN LEVELS' 1 

':A I TJ 

"FUR" ,XI=I "STEP" 'I "UNTIL" 10 "DU" "HEIIU" 1..1MITSCXlJ 
LLe Ol:'=LLC61: ~nl 
ULe~ll=u.elll:=lnOI 
"FUR" ',XI=O "STEP" I "UNTIL" 11 "DU" 

"!l[GIN" ULCX1: =I.L(X+ III =LIMJ 'Isex+ I 1 I' 
"t~NlJ"; 

"FUR" XI=6' "STEP" I "UNTIL" 10 ''~U'' 

.. 'A IT J 

"IJEGIN" ULeX1:':;I.LCX+111=LIMITS[XIJ 
"ENU",! 

7.1" CN. PN+ AREAl 
11=JI=OI 

"I p' 1 +J= CN+ PN "THEN" "GUTU" S~) 

, ; 

.,,', ' 

"IF" CN=O "THEN""UEGIN" J:=,)+11 IlINCJ1:=IJlN('J+Z1:=OI 
VIILCJ1: =VALe)+z 11 =PSCJl J 
"GUTU" !; IJ 

"ENU"; 
"If" PN=O .... THEN .... ll£GIN .. ll=l+il IlIN[ll:='!.IINC!+Zll=IJ 

V /\LC r'1 : =. V ilL [ I + 1. 1 1 .. C se I l J 
"GUTO" 511 
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r 
52: "If" I+J~ef'+PN "THEN" "C,UIU" S!:>I 

"I F" I :CN "THEN" "GUTU" 531 
"If" J=PN "THEN" "GUTlJ" Sill 

11=1+11 JI=J+/I 
"IF" est Il=PSeJ.l"1'HEN" 

"Ln:GI""IlINC I+J~ 1 J :=UINe 1+.)- I+Z11= I, 
III N C I+,J 1 : = [31 N C I ·1· .J + Z 1 : = 01 
vr,LC I+J-I J :"VALe r+J" [+Zll=es' I JI 
VAU 1+.)) : = VAL t I. J. Z l! = PS'J 11 
·"GUTIY' S21. 

'~EN D"I . 

"If" est Il<PSeJl"1'H[I'," 
"BE GIN" U J N e J.,J - 1 1 : = £31 N ( [. J - I. Z 1 : = 1I • 

VAU 1+.1-ll:=VAL[ \ •. J-I+Z11=CSt III 

'''END'' 
"ELsr~" 

. . .1: =.J ... t; 

"BEGIN" fHNC I+J-I J :=fllNC [+J-I+2:1:=01 . 

tt£::N D1
' J 

"GUTU" S21 

53: J :",1+ 1I 
[lINC I '.n I =rHNC '+J+2 1: = DJ 

VALCI+J-Il:=VAl.e(+J-I.ZlI=PSCJ11 . 
. 1:=1-11 

VAt. t I + J J I = V AI. ( I •. );' 7. 1 : " I' S t .Il 1 
"If" .J=PN "THEN" "Guru" S~ .. Et.SE .... GOTO .. 53, 

54: 1: : I. 1I 
fJl N ( 1 •• .J 1 : = [31 N Cl;. .J. z: 1 : = I 1 
VAL C 1+ J.lI = VAL C I+.J;. z: 1 : = e se I 1 1 
"If" I =:CN "THEN" "GO TO" S~ "ELSE" "GOl'U'" S41 

ss: "PHINT""L6"1 
.):=01 
INSTIlING( TI TU:,J)I 
J I = 0 I 
OUTSTHING(TiTLE.,JII 
\0:1'1 I TI 

I 

I 

I 

I , 

SCANNED: =REJECT: =£3Luel<: = 01 
RReOll=Hr,CI1:=OI THOJI=TTell:=-IJ 

.' i I 

"fUR",X:=O "STEP" 1 "UNTIL" 11 "LJO" GRAIJE(Xl,cOI 
"FOR"XI=O "STEP" 1 "UNTiL" 1 "LJU" 

"flEGIN" ARSUMCXl I =FAHSUMCXl :=SSQARCX11 =0, 
"END") 

"fOR" XI::I "STEP" I "UNTIL" (2-Z:)-1 "DU" 

.,.,. I 

I 

I 

"13E:GIN" CSU:-1(Xl:=PSU1~eX1:=SSOC(X11=SSQPtX1"'(1I·· 
"END", 

• I 
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56: ARSTUHC 0) I =ARSTUHC 11: '" 01 CU1JNT.: = 01 

I 

"FOR" XI:I "STEP" I "UNTIL"(2~Z)·1 ~'DU" 
"IJEGIN" CCX1:=PCX1:=01 
"ENO"I 

5 7: L I N I N (/\) I 

"I F''' AC 01= 1 ·"THEN" "GfllU"S91 
"IF''' AeO»1 "0"" I\CI) "NE" C2*7.)+1 

"Tl-fEN" "llEG [N" "EJECT: = "E.IECT+ 1I 
"GUTU" S71 

II[NDffJ 

"FOR" X: =Z+ t "STEP" I tfUNTIL" 2*Z "DU" 
. · .. UEGIN" AC'l'X-I):=I\C/1'X-I1-f\(/".CX·Z)~tJI 

i. "IF''' AC/"X-IJ<O "THEN'" 
"llI::GIN" REJECT: = "[,)ECT+ 1 J 

"GOTU" S7 J 
"END'" 

"ENIJ"J 

CUUNT: =CUUNT+ 1I 
SCI\NNEDI=SCANNED+II 

. "FUR" XI = I "STEP" 
Z+I"STEP" 

"BEGIN" 

"UN 1'1 L" PN+ eN, 
"UNTIL" 7.+I'N+CN "Dl)'~ 

"IF'''UINCX)=I "THEN" rIt:LDCP(C,A) 
"EL SE" F'I fJ.DCI'C 1', A) I 

"EN 0") 
, 

"H'" AREA= 0 "THEN" "GUTU'" Sill 
v;: = 01 X:=ZI 
F'I EL DA CA, I\RE, F' AR SUM, A H S TU I~, NUM I3EI<) ) 
"FOH" XI =0 "STEP" 1 "UNTIL" ::,. "DU" 
GI<ADERC ARE, GRADE, UL, LL) ) 

\.\1:=1, X:=~.ZJ 

F' I EL DA( 1\, ARE, r' AI, SUM, AI< S TLm, NlIM 11 EH) ) 
."FUR" XI =6 "STEP" I "UNTIL" 11 "DO" 
GRADEHCARE,GRADE,UL,LL)I 

58: "IF" Cl)UNT<NUMllEH "THEN" "GUTU" S7) 
llLOCK I = BLUCK + 1 J 

HFOH" 'XI=I "STEP" I "UNTIL" I'N+CN, 
Z+ I"sn;p" 1 "UNTIL" Z+PN+CN "DO" 

"UEGIN" ·"IF'.' BIN(XJ= 1 
"rHEN" llSTURE( C, C, CSUM, CSUM, SSQC) 
"ELSE" BSTlJHE( p, I',I'SUM, PSUM, SSQPn (, 

. "END") , . '. 
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! 

59: 

I 

i 
I 

510: 
! 

QTM202 

H)FH f\HEA=O "1HEf\jU "Guru.-- 56; 
1-'1=01 
"FUR" XI=\" "STEP" I .. UNTIL .. \";.1 "DIJ" 
[JSTlJREe RI', ARSTl)H, AHSUM, FllllSU/-!, SSQAR)I 
"GUTU" S61 

"n-" I3LOCI{= 0 "THEN" "GUTU" 5141 
10.':=01 F:=II G:=PN;.GNJ 
"PRINT'" 'L4' FIRST llETI::GllUN I. EVI::L • J 
"GOTU" 511, 

1-'1=11' FI=Z+II G:'=Z+I'N+CNJ 
.. PRINT .. ··L"· SI::CIJNIJ DETECTIllN LEVEL' J 

-, . 

511: "IF" CN=O "THEN" "GUTU" 512; 
"PRINT'" 'L'" CUI.INT 'LS/,' SIZE '56'MEAN 'S6' STD llEV' J 
"FUR" XI =F' "STEP'" I "UNl'lL" G "!lU'" 
"BEGIN" "IF" UIN(XJ= I "THEN" UUTPUT( VAL, CSUM, SSOC. BLOCKlI 
"ENU", 

512: "IF" PN=O "THEN" "GIJTU" 5131 
" .. PIlINT .. ··L"·PIlU.H:Cn:D LENGTH 'LS/,' SIZE'S6'MEAN 'S6' STD DEV'" 

"FUW' XI"F "STEP", I "UNTIl." G "DU" 
"IJEGtN" "IF" UINeXJ=O "lHEN" UUTPUTCVI\L, PSUM, 5S0P. BLOCK)I 
"END"I 

513: "IF" I\I,EA=O "TH[N" "GrjTU" SIIIl 

514: 

"PRINT":' 'L4' '7.AHI::I\ 'LS,,'MEAN '56' STll DEV" 
XI =1-',: 
UUTI'Ure TT, ARSU'1, SSOAR, ilLUCI()' 

"IF" v,'= 0 "AN D" [JLIJCI( > 0 "TH I:N" "GUlU" SIn,: 
"PRINT" 
"L2'NlJi~I3ER UF r-IEl.DS SCI\NN[D',SI\MELIN[,DIGITS(3),SCANN.ED,­
"t.' NUMUER UF F'l EL \)$ H[J ECl Ell' • SAM EL I NE.t)1 Gll 5e 3), REJECT. 
"I.' FI EL DS v,'EllE USED IN', SI\M EL I NE, DI G IT se 3), IJI.1JCK, 
"UL[JCJ<S OF',NUr"1I3EIl, . '-, .,.' 

', .. FIJI' .. Xl =0 "STEP" 6 "UNTIL" (, "llU" 
"lJEGIN" 
"IF" X=Q '''THEN'' "PRINT" "L3'FlRST DETEGTIUN LEVEL' 

"ELSE" "PRINT" • "L3' SEClJND DETECTION LEVEl.' J 
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I 
i" 

I ' 

I 
. '~PRINT" 

"ENO'" 

.' .'1.2' NU~lljEH 
"I.' GIUlDE n 
"t.:' GIlADE 
"I.' GRADE 2 
, 'I. • GHADE 3 
• 'I.' GHI"\DE II 

, 'L' GHADE ~ 

I "PRINT" "HIOO", 

I 

I> , . 
"tN!)" , j . . 
I, 
I 
::' . 
" 

I 
i , 
! 

, . 
~, : 

., 

WI\I TI 
"(;[)Tll'~ 5 ~J 

. , 

I 

. 

, , 

. ! 
. - :., 

\~ .. 
. " 

Q'J'M202 

IJF VI ELDS', , 
" .SAt·HeL IN [e, UI GI T S( 3), GIlM)C( X J, 
• • s r\M 1:1. I N Cd) [ G r T S( .1), GIlA PI, ( X+ I J, . ," 
" SN~U.lm:. DIGtTS(3), (iHADHX+2), 
• , SNl EL I N le, IJ.' G I T S( 3), G!<ADH X+ 3 J, .. 
., SAMEL I m:, III Gt TS( 3), GI,AllE( X+ lIl, . 
• , SAM EL t N E, [) I G IT se 3), GHA DE ( X + 5J I .••• 

, .' 

.. . , 

. ,.:,':' 

•• 
' .. .' 

,-: 

. '. 

i j 

I,: : 
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A Pf-'t:NDIA 7 ___ _ 
QUANTlMET DATA FORM 

1110 11111,1011111010\011101 
QTM 10] Single ~ata tape:" 
one netection level ••••••••••••• 

I11 0101011101011111011111 
QTM201 Single data tape: 
two rletection level •••••••••••••• 

11 1 0101011 11 loll loll 11 11 1 
QTM301 Set of oata tapes: 
one rletection level •••••••••••••• 

~:4~!t:~~i:~ ~:::l~::~~: ........ "'Ill 01110111010111 11010111 

QTMI02 Same as QTMlOl but with 
frequency gra<ling of percent area 

QTM202 Same as QTM201 but with 
frequency gra<ling of percent area 

Hetho<l 

rlll"l~iOIOIOIIIOIIOIIIIIOI 
11 11 \ 0\ 0 \1\1 \1 \1 \1 11 \1 11 11 I 

Enter QTM progr~mme at ~; at first stop, re-enter at 11; at second stop 
re-enter at the Re-entry Number given in the table above. 
First data tape is entered at 10 and consists of:-

L Date I I I I I I Numher,\ ?n \y 

2.Fi.el<l heIght I I 
1.Ffel<1 wt<lth I I 
4.Area i to dbe exam ne [ I 
5. Ho. of cOllntl_ I I 5 ] 
6.Count sizes c:=J "' 

Use a 6 f01GO 
I , I Cl Cl I I I I L_~J 
I I I I 11001 I I C ", Example ... 1 0 , I 2 r: 10 J .-1 

Leave blank if there are no counts 

7. No. of I I " 
go8rlt~ted 

8. Proj. sizes r--l CJ CJ LJ Cl Cl CJ I:=I 
Use a 0 for ~ " 
Leave blank if there are no projection counts. 

9. percent 
area 

1 if areas are present; 
o if areas are absent. 
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, 
QUANTIMET. DATA FORM c:,ONTINUED 

• 

QTM 02 
QTM202 

Re-enter· at 9 
10,' First detection level 

grading ·limits* 

I 
11. QTM202 on-l=-y-.-'.:S:-e-c-o-n-:d---' 
detection level grading 

limits. 

12. Two spaces to end tape. 
See below for 

explanation • 

Second data tape is.entered at 9. 

1. Title of QTM data tape e 'I 
Up to 46 characters and spaces etc. 

2. Two spaces to end tape. 

QTM data tape follows and I!IUst have a halt code ( TC3 on leT 1905) at the end 
of each tape and is entered at 9. 

For subsequent QTM data tapes, it is only necessary to re-enter a second data 
.tape at 9, unless the preliminary data in the first data·tape'needs revising. 

* Gradtng 

Gra,je O ................... (a 

Grade 1 ........... ~ a ~ 

Grade ·2 •••••• .). b <c a b c I d I e 

Grade 3 •••••• ~ c .( d 

Grade 4 ............ ~d <e 

~e 
221, 

Grade 5 ••••••••••• 
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, " 

',. 

o 
o 
o 00 
o GO 
o 01) 0 
o \110 

• 00 i 
o 0" 
• 00 I 
• 00 o 
o 

• o 
e •• 00· 
oe .' ,GlO 
•• • 00 

• 3 • 
• 

00 .0' .0' .e • eo .. ' ... 
6 00 

•• " . 
0" •• •• 

o 

• • .... 
• 0. .... ..... ••• ••• • 

"¥,-,~",-.,, .......-. 

j " 00 0 01 
00' 0 i " " o 

o .. 
o 
o 

~~: ~"I" 00 • 

• I \ ~:: gg 
o 00 • 
o •• • 

., 00 
o 00 
., 00 
o 00 
o .... 
.. "0 
.. 00 .. . . 

• j 

• 
• .0 
.0 
.1) 

.0'4 ." .0 ... 
•• • • 

• 7 • , 
• •• - .000 o " •• 000 
• 00" !.OOO 
• 00 .000 
• oe .oeo' 

o · ' 

---- .. -. 
• •••• 

, 

• 1 ,------- " 

: !I 
n!\! \1 : !l 
'---"'-~ 

• • • 

5 

00 
00 
0 .. 
.. 0 

! 
I 
I 
1 
I 

• •••• 0 ••• 

•••• • •••• •••• • 

" .. 
0' 

9 G 

e .. 

• .. . 
o .. 
" 0 . " 
• e I :w 

·U 
:~ :Vl 

• 
'-__ "';·:"'_Ji 

X 

ll. 
o 
o 
Z' 
w 

• 
• 
• 

G' 0 
G' .. 
G' 0 
•• G 
O ... 
G' G ..... 
O' G 
... 0 
Q •• 
e •• 

• • 

• • 

,----.-

o 
.. l:.. :0 
·0 :Z 

w 

• 

.-0 C 
0_0 0 
0-0 Cl 
0_" 0 
..0 0 
0_0 Cl 
9-. 0 

• • 

-----------------------------------------------" --I 
APPENDIX 8 SYSTEM 0 F CODING \' 

USED L ..... __ ....... _~ ____ ..:;==:=__· ~---
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APPENDIX 9 

Variation in Oxide counts on same surface of sample from a steel with 
low oxide content. 

Perconta,,-e area. Count. 

Sample Fro uepcy ver 100 fields. ) (-2) 
..cO 0.03~ 0.20- 0.55- 1.20-

Mean: No than X10 
:::r Meanlt 3.01 10.01 20.0. 1.8 .03% 0.20',0 0.55% 1.20% 2.70% 2. 7a;~ (X10-

p.:m. )J!m I ",.m. ! /"m. 
; I 

1 96 4 116 76 8 ' , 
• • • • 

41 
• \ • 

2 96 4 • • • • 124 108 , i , 
3 80 16 4 • • • 320 160 20 I • • 4 88 12 • • • • 168 108 40 • • 
5 W 3 • • • • 80 108 • • • 
6 liOO • • • • • 32 100 • • • 
7 96 4 • • • • 64 112 • • • 
8 00 • • • • • 44 80 • • I • 9 92 8 • • • • 76 104 • • • 

10 92 8 64 76 4 • • • • • • 
11 92 8 • • • • 56 76 4 • • 
12 liOO • • • • • 24 76 • • • 
13 80 20 • • • • 172 80 4 • • 
14 92 8 • • • • 72 92 • • • 
15 00 • • • • • 40 92 • • • 16 92 8 • • • • 100 100 8 • • 
17 88 12 • • • • 100 112 8 · • 
18 92 8 • • • • 60 88 4 • • 
19 80 20 • • • • 128 92 8 • • 
20 92 8 • • • • 76 84 8 • • 
21 92 8 • • • • 72 124 4 • • 
22 80 20 • • • • 108 112 4 • • 
23 96 4 • • · • 48 88 • • • 
24 96 4 • • • • 56 92 • • • 
25 00 0 • • • • 24 40 • • • 26 92 8 • • • • 48 68 • • • 
27 92 8 • • • • 64 88 • • • 
28 96 4 • • • • 32 84 • • • 
29 84 16 • • • • 196 92 • • • 
30 88 12 • • • • 116 64 16 • • 
31 84 16 • • • • 92 88 • • • 
32 88 12 • • • • 132 76 8 4 • 
33 80 20 • · • • 108 152 4 • • 
34 96 4 • • • • , 76 84 8 • • 
35 96 4 • .. • • • 60 108 4 • • 
36 92 8 • • · • 52 108 • • • 
37 ,:)2 8 • • • • 52 64 • • • 
38 96 1 • • • • 32 68 

16 ! : • 
39 88 8 4 • • • 168 116 • 
40 92 , 8 • • • • 108 92 4 • • 

* each sample made up of 25 fields, each 0.25 sq.mm. selected 
randomly from edGe to centre of billets on same polished surface. 
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APPENDIX 10 

Variation on oxide counts on same surface of sample from a steel with 
average oxide content. 

Percentage area. Count. 

Sample Freauency per 100 fields. Mean: No than -.If:;;" 0.03- 0.20- 0.55- 1.20- ')P Meanlt) 
.03% 0.20% 0.55% 1.2('% 2.70% 2.7rY';6 (XlO-. 1.8. 3.0f :W.O. 

p,m. Jj :m. "fm. 

1. 80 20 • • • • 84 156 4 • 
2. 88 12 • • • • 92 132 • • 
3. 100 0 • • • • 56 96 · • 
4. 100 0 • • • • 64 116 • • 
5. 96 4 • • • • 100 136 4 • 
6. 100 0 • • • • 56 100 1 • 
7. 92 8 • • • • 96 132 • • 
8. 96 4 • · • • 96 128 • • 
9. 92 8 • • • · 92 164 • • 

10 88 12 • • • • 120 124 • • 
11. 92 8 • • • • 120 123 8 • 
12. 92 8 • · • • 72 124 • • 
13. 80 20 • • • • 148 100 · • 
14. 88 12 • • • • 68 136 • • 
15. 88 12 • • • • 116 124 4 · 16. 96 4 • • · • 56 116 4 • 
17. 96 4 • • • • 80 96 4 • 
18. 92 8 • • • • 48 100 • • 
19. 84 16 • • • • 104 112 4 • 
20. 92 8 • • • • 68 100 4 • 
21. 92 8 • · • • 92 108 4 • 
22. 92 8 • • • • 68 116 4 • 
23. 96 4 • • • · 60 96 8 · 24. 84 16 • • • • 136 176 4 · 25. 8lf 4 · • • • 96 116 4 • 
26. 84 16 • • • • 108 100 4 • 
27. 84 16 • • • • 192 140 8 • 
28. 84 16 · · • • 96 168 • • 
29. 88 12 • • • • 100 176 • • 
30. 84 12 4 • · • 128 112 4 • 
31. 88 12 • • · • 100 148 • · 32. 88 12 • • · • 72 188 • • 
33. 92 8 • • • • 1:10 108 16 • 
34. R8 12 • • • • 112 116 4 • 
35. 88 3 • • • • 80c. 136 • • 
36. 88 12 • · · • 72 136 • • 
37. 84 16 • • • • 88 128 8 • 
38. 

84 I 16 • • ! • • 104 128 8 • 
39. 92 8 • • • • 96 124 4 • 

1- 40. 92 8 I 96 132 4 • • I • • • 

(XIO_ 2! 

20.0. 
.I':m. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• \ 

• 
• 
• 
• , 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• each sample made up of 24 fields, each 0.25 sq.mm. selected 

randomly from edge to centre of billets on same polished surface. 
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l.PPENDIX II 

Variation in oxide counts on same surface of sample from a steel with 
high oxide content. 

Percentage Area. Count. 
Sample -

Frequency_per 100 fields. ~~ No than (Xl0-2) 

1 • 
2. 
3· 
4. 
5· 
6. 
7. 
8. 
9. 

10. 
11. 
12 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

.{o 0.03- 0.20- 0.55- 1.20- ~ Mean'4) 1.8. 3.0 10.0. 20.0 
03% 0.2Ox 0.55% 1.20;l 2. 7(J;;[~ 2.70";6. (XlO- ""m. /lID. I'm. /"'m. 

88 8 0 4 • 9 364 184 8 • • 
72 24 4 • • • 316 156 12 4 • 
72 24 0 4 • • 392 176 8 4 • 
76 24 • • • • 240 168 4 • • 
84 12 0 4 • • 336 192 8 • • 
72 28 • • • • 216 168 12 • • 
76 16 8 ! • • 336 144 24 4 • 
72 28 , • • • 192 128 12 • • 
72 28 • • • • 236 168 12 • • 
72 20 8 • • • 408 180 20 • • 
80 20 • • • • 204 116 8 4 • 
72 24 0 4 • • 492 256 24 4 • 
72 24 4 • • • 300 164 8 4 • 
80 12 8 • • • 372 252 16 • • 
76 24 • • • • 284 148 12 • • 
88 8 4 • • • 268 156 12 • • 
76 24 • • • • 188 188 • • • 
76 24 • • • • 200 188 • • • 
68 28 0 4 • • 444 176 28 • • 
72 28 • • • • 268 212 20 • • 
72 28 • • • • 260 212 20 • • 
60 36 4 • • • 372 280 16 · • 
76 20 0 0 4 • 720 184 20 8 • 
76 24 • • • • 256 164 12 4 • 
72 28 • • • • 236 144 8 • • 
68 28 4 • • • 372 240 16 • • 
80 8 12 • • • 384 172 28 , • " 
8/f 12 4 • • • 248 156 20 • • 
80 16 4 • • • 288 168 16 • • 
68 32 · • • • 236 180 8 • • 
08 32 • • • • 220 164 8 • • 
84 12 0 4 • • 560 196 28 • • 
72 24 0 0 1 • 712 116 20 8 • 
76 24 • • • • 208 168 16 • • 
68 24 8 • · • 568 228 24 • • 
84 12 0 4 • • 396 208 1.2 • • 
64 32 4 • • • 444 196 12 4 • 
80 20 • • • • 232 244 8 • • 
68 28 4 • • • 412 204 28 • • 
72 24 4 • • • 394 200 16 • • 

• each sample made up of 25 fields, each 0.25 sq.mm. selected randomly 
from edge to oentre of billet on same pOlished surface. 
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~£pendix~ 

MEAN PROJECTION COUNTS CBTAINED ON SAl1FT.ES FROM 
"CLEAN" BILLET P587 

--'"--".'_' - -_. --- .. _- "----'-.---- - ---.. -.- -- I , i . 
Samples & Projection i Samples & Projection I ; 

.. Samples & Projection 
position (Total length~ position (Total length, I position (Total length, 
in billet i< m) i in bille~ ,I'm) ! in billet, /~ m) 
inches Mean Std, dev; inches Mean Std. dev. ! inches Mean Std. dev. 

t I 
, O(top) 44 52 : 41 56 32 I 82 24 24 
\ 1 20 28 I 42 44 46 \ 83 32 28 , 
; I I 

2 16 28 43 32 24 84 40 44 
3 16 24 44 48 36 , 85 

1 
32 32 I , 

! 4 32 56 45 52 80 I 86 36 60 
5 52 224 46 40 44 ! 87 16 24 
6 20 32 ! 47 56 40 , 88 24 20 ! 

I 7 32 48 i 48 44 64 i 89 24 32 
8 20 28 49 40 40 , 90 j 24 36 

! 28 36 
I 

24 28 I l 24 96 9 I 50 91 
10 24 32 I 51 36 32 92 20 28 , ! I 

! 
11 36 48 

, 
52 64 40 I 93 I 12 20 i 12 24 44 , 53 60 204 

I 94 

I 
20 36 

13 32 64 I 54 40 52 95 12 20 

I 14 12 20 I 55 76 48 I 96 16 16 I J 
I 15 32 52 I 56 52 60 I 97 I 28 28 

16 20 48 57 60 64 I 98 20 114 
17 24 44 ! 58 24 48 99 28 84 , 
18 28 32 I 59 100 24 60 
19 60 76 I 60 32 28 101 ! 36 56 
20 32 64 61 68 132 102 24 32 
21 48 88 62 56 68 103 I 16 16 
22 32 48 63 44 72 104 28 24 

, 23 16 24 64 36 36 105 j 32 36 
24 16 28 I 65 48 52 106 I 72 56 
25 12 24 I 66 56 52 107 68 60 I ) 

26 28 110 I 67 44 116 108 40 40 
27 48 120 ! 68 32 48 109 20 20 , j 

I 28 20 28 I 69 56 44 110 92 52 
29 16 24 70 64 48 111 56 48 

I I 
! 30 48 118 I 71 56 36 112 48 44 

31 32 44 I 72 60 48 113 32 44 
I 

I 32 40 64 73 76 52 114 114 36 

I 3.3 24 24 I 7/; 44 32 

I 
115 40 32 

34 40 40 75 48 64 116 24 36 
I 35 32 48 ! 76 48 40 117 20 28 
i 36 28 110 , 

77 12 24 ! 118 28 28 I I I 37 32 56 I 78 28 32 119 20 24 
I I I 

38 48 44 , 79 16 32 I 120 28 56 I i 
! 39 20 20 i 80 52 44 121 40 52 , , 40 28 36 i 81 24 32 I 122 28 40 , , I 
I 

, I 
I. n""""._'_' ___ 

, - ..... ___ ~ ___ ' >" ••. ". I --
oontinuea ••••••• 
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Appendix 1~ (Contd.) 
-.~-,--.- .-- ----- --_._---. .--.~--.-- .. -

Sample & Projection Sample & Projection I , 
position (Total length. position (Total length. I 
in billet ...r" m) in billet .. pm) I 
inches Mean std. dev. i inches Mean std, dev. I 

I 

123 28 36 168 24 24 I 
124 24 28 165 24 32 I 125 20 24 166 52 44 
126 24 32 167 1'·4 ~o I 
127 16 20 168 32 64 I 128 24 64 169 48 36 I 

129 32 28 170 32 32 I 130 24 24 171 48 48 
131 28 28 172 56 44 . 
132 20 36 173 52 64 
133 20 36 174 48 56 I 134 16 20 175 36 32 I 135 12 48 176 140 300 
136 12 28 177 84 116 
137 16 28 178 52 44 
138 12 28 179 48 40 
139 28 48 (bottom) 
140 24 24 
141 24 24 
142 28 32 
143 28 24 
144 36 40 
145 52 60 
146 36 52 
147 36 32 
148 32 32 
149 28 28 
150 40 44 
151 24 20 
152 44 32 
153 16 24 
154 32 32 
155 28 28 
156 36 52 
157 24 20 
158 20 20 . 
159 20 24 
160 28 28 I 

161 36 32 I 162 52 40 
163 44 124 ! 

; 

.-- - - .. J 

230 



Appendi~ 

MEAN PROJECTION CtUNTS OBTAINED ON SANPLES FHON ''DIRTY'' BILLET T,369 
i-"--'~~-----'-"---~" "-_._-", _.'! __ '~w •• _, -.,~,,--~---.... , '-~-'-- ~ 

: Sample & Projection I Sample & Projection i 

: position (Total 19th, 'I position (Total 19th, I 
I in billet, ,(,Im) in billet, j.J m) , 
I inches M~an Std.dev.! inches Mean Std.dev. 

Sample & Projection i 
position (Total 19th, I 
in billet, /(m) ! 
inches Mean Std, dev. I 

il 
I 0 ,36 112 

1 32 92 
2 32 60 
3 32 84 
4 40 60 
5 64 120 
6 40 60 
7 84 164 
8 32 44 
9 20 24 

10 60 96 
11 44 40 
12 36 52 
13 48 36 
14 60 116 
15 40 44 
16 40 32 
17 88 76 
18 40 60 
19 28 28 
20 32 56 
21 32 56 
22 28 36 
23 48 84 
24 40 32 
25 24 36 
26 28 24 
27 20 20 
28 36 28 
29 84 148 
30 36 28 
31 36 68 
32 44 44 
33 20 20 
34 44 44 
35 120 92 
36 84 56 
3, 52 40 
38 80 72 
39 64 68 
40 96 52 

I 
I 
\ 
I 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
0) 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
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60 
72 
80 
36 
38 

100 
92 
56 
60 
56 
80 
60 
68 

108 
76 
64 
52 

120 
56 
28 
28 
64 
cc 
76 
56 
88 

104 
36 
88 
40 
72 

116 
44 
80 
40 

116 
48 
76 
40 
60 
52 

68 
52 
52 
40 
72 
56 
92 
44 

124 
56 
48 

148 
144 

?2 
116 

40 
44 
7{) 
40 
28 
24 
44 
41> 
56 
96 
56 
60 
32 
76 
32 
72 
72 
48 
44 
32 

120 
44 
60 
44 
52 
44 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
'7'7 

100 
101 
102 
103 
104 
10" I 106 

1

1 107 
108 

: 109 
I 110 

! 
111 
112 

, 113 
114 
115 
116 
117 
118 
119 
120 
121 

, 122 

40 
r..o 
44 
52 
84 
40 
64 
76 
44 
44 
64 

-132 
188 

72 
124 
100 
88 

LbU 
76 
56 
36 

172 
<;2 
28 
36 
72 
64 
60 
44 
80 
72 
40 

132 
3"; 
52 
44 
52 
72 
60 
41f 

56 

-;---1 
40 I 
32 
40 
76 
40 

108 
44 
32 
32 
88 
88 

104 
52 
52 
68 
60 
'10 
52 
36 
36 
80 
32 
24 
52 
72 

152 
56 
36 
68 
96 
40 

292 
32 
40 
40 
40 
48 
44 
28 
88 



Appendix 13 (Contd.) 
.. --. _., ~ .. "'-'--.'" -'-"'-'~-----"--'-'-~-~----"--- ---.--.. ---~.---

Sample & Projection ; Sample & Projection I 
f , 

position (Total length, position (Total length. I 

in billet, /.1. m) in billet ,Am) I 
inches Mean Std.dev. inches Mean Std.dev. t -------- ---- -------_.-' 
123 64 40 164 84 52 
124 44 44 165 76 81; I 
125 88 60 166 84 iZO I 
126 44 10'+ 167 SS 64 
127 24 32 168 60 .56 
128 20 44 169 104 192 
129 60 44 170 64 48 
130 116 68 171 72 52 
131 40 40 172 56 48 
132 44 44 173 40 40 
133 92 120 174 40 44 
134 132 84 175 100 132 
135 52 48 176 48 36 
136 64 132 177 68 68 
137 56 112 178 104 64 
138 104 68 179 52 44 
139 40 40 
140 44 36 
141 96 120 
142 64 88 
143 28 44 
144 72 88 
145 48 76 
146 32 56 
147 44 52 
148 56 44 
149 40 48 
150 52 56 
151 64 48 
152 80 72 
153 44 36 
154 60 40 
155 44 52 
156 44 64 
157 100 204 
158 112 76 
159 60 40 
160 100 60 
161 52 52 
162 60 48 
163 84 200 

----,-' , -.~-,~-,,---
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AEEendix 14 

I1EAN SIZE DISTRIBUTION COUNTS OBTAINED ON SAJolPLES FROM "CLEAN" 

BILLET P587 

Sample and Mean number/field (0.5 sq.mm.) greater than: 
position in -
billet, inches 3.6p m l()~m 15)J m 20!,m I 25f1m 

0 3.44 0.40 0,20 I 0.10 I 0.05 
1 2.24 0.13 0.02 l 2 1.52 0.01 0.01 I 

).01 1 

3 1.52 0.08 0,02 
4 2,67 0.29 0.12 0.06 0,02 
5 2.11 0.51 0.32 0.24 0.18 
6 2.15 0.07 0.02 0.02 
7 2.90 0.21 0.05 0,02 
8 2.00 0.05 
9 2.38 0.08 0.03 

10 2.35 0.10 0.02 0.01 
. 

11 2.80 0.23 0.10 0.05 0.02 
12 2.28 0.12 0.02 0.01 0.01 
13 2.14 0.18 0.10 0.05 0.02 
14 1.60 0.03 0.01 
15 2.63 , 0.11 0.01 0.01 , 
16 1.96 0.07 0.01 I 
17 2.70 0.15 0.01 

I 18 2.90 0.12 0.02 0.01 
19 3.83 0.60 0.31 0.10 0.04 
20 2.57 0.19 0.02 
21 3. ?5 0.28 0.20 n.O? 0,04 
22 2.62 0.24 0.05 0.0:; 0.01, 
23 1.35 0.03 
24 1.54 0.12 0.04 0.04 0.03 
25 1.10 0.09 0.04 0.02 
26 2.76 0.10 0.04 0.04 0.01 
27 2.72 0.30 0.06 0.03 
28 1.94 0.03 
29 1.22 0.06 0.01 
30 3.60 0.,<3 0.04 0.02 0.02 
31 2.74 0.09 
32 3.12 0.15 0.04 0.01 
33 2.49 0.04 
34 3.50 0.23 0.05 
35 2.52 0.16 0,04 0.01 0.01 
36 2.32 0.18 0.10 0.04 0.02 
37 2.82 0.08 
38 4.67 0.36 0.11" 0.04 0.01 
39 2.27 0.16 0.08 0.04 0.01 

I \ , , - --1 
J 

contirtuea ••••••• 
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Appendix 14 (contd.) 

1- Sample and J Mean number/field (0.5 sq.mm.)greater than: -~J 
position in 

3.6)1 m 101' m 15)Am 20ft m 25;' m billet. :Lnche 
i , 

40 2.47 0.11 0.02 
41 5.57 0.59 0.13 0.05 0.01 

42 5.74 
I 

0.29 0.06 

43 3.33 0.17 0,07 0.01 
44 4.84 0.26 0.06 0.01 
45 4.23 0.37 0.14 0.06 0.01 

46 3.75 0.16 0.05 0.03 0.01 
i 

47 5.09 0.36 0.03 
48 3.78 0,09 0.01 

49 3.52 0.10 0,01 0.01 

50 2.55 0.10 0,01 0.01 

51 3.13 0.19 0,05 0.01 0.01 

52 6.13 0,36 0.08 0.04 0.01 

53 3.38 0.55 0,31 0.09 0.08 

54 3.44 0.26 0.07 0.01 

55 6.40 0.37 0.05 0.01 

56 4.63 0.15 0.02 0.01 0,01 

57 4.81 0.22 0.08 0.02 

58 2.02 0.14 0.05 0.03 0.01 

59 
60 2.64 0.30 0.08 0.02 0.02. 

61 4.76 0.':'0 0.22 0.10 0.03 
62 3.88 0.47 0.10 0.04 0.02 

63 2.83 0.16 0.10 0.03 0.02 

64; 3.27 0.10 0.01 

65 3.76 0.23 0.04 0.01 
66 3.74 0.49 0,19 0.09 0.02 

67 3.01 0.37 0.16 0.07 0.04 
68 2.85 0.12 0.05 0.02 0.01 

69 5.13 0.28 0.07 0.02 

I 70 5.28 

I 
0.13 

i 
0.03 0.01 

I 

I , 
7~ 4.92 0.19 0.01 , 1 _____ --' __ _ 

"---_-i.._--!... __ '---__ J 
oontinuea •••••••• 
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Appendix 14 (contd.) 

I' sam~le an~-l-"--'-~:an number/field(0.5 sq.mm)greater than: --] 

position in I 3.6p m J lOf'm I 151' m! 20/,ml 25 l 
, __ b_il_~, inches I j I I I ~m ___ , 

72 

73 

74 

75 

76 

77 

78 

79 
80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 
94 
95 

96 

97 

98 

99 
100 

101 

102 

103 '-----_ .. _-

4.73 

6,96 

4.66 

3.78 

4.40 

1.28 

2.90 

1.40 

3.59 
2.13 

2.12 

2.49 
2.54 

2.29 
2.26 
1.22 

1.60 

1.78 

1.65 

1.06 

1.43 

1.15 

1.71 
1.01 

1.39 

2.27 

1.36 

1.36 

1.19 

2.42 

1.74 

1.57 

235 

1_ 0.26 

0.39 

0.16 

0.15 

0.15 

0.06 

0.25 

0.90 

0.54 

0.21 

0.25 

0.20 

0.25 

0.13 

0.41 

0.12 

0.20 

0.14 

0.12 

0.17 

0.07 

C.03 

0.11 

0.04 

0.09 

0.22 

0.11 

0.15 

0.21 

0.38 

0.23 

0,08 

0.03 

0.08 

O,06 

0.04 

0,07 

J 

0.02 I 
0.02\ 
0.03 

0.03 

0,01 0.-01 

0,07 0,05 

0.06 0.01 

0.24 I 0.11 

0.03 

0.06 

0.04 

0.05 

0.03 

0.16 

0.04 

0.04 

0.05 

0.06 I 
0.10 

0.04 

0.01 

0.04 

0.04 

0.03 

1 

I 

0.02 

0.05 
0,02 

0.03 

0.02 

0.11 

0,03 

0.01 

0.01 

0.06 

0.01 

0.02 

0.01 

0.06 0.02 

0.06 0.02 

0.01 

0.08 0,03 

0.14 0,04 

0.08 0.03 

0.04 0.01 

0.01 

0.03 

0.02 

0.01 

0.02 

0.01 

0.07 

0.01 

0.01 

0.01 

0.03 

0~03 

0.02 

0,01 

0.02 

0.01 

0.01 

0,01 

0.03 

I 

\ 
I 

, 
.------._._-; 



~~pendix 14 (contd.) 

I 
-------'. . -----,., -'--~-'---'-" . 

Sample and 
. 

Mean number!field(0.5sq.mm.)greater than: 

-\ 
• 

posHion in _L 
~o/<m I , I 

20;&m I 25/"m I __ ~illet, inches 3.6~m I 15em I -+- ---"'t-

I 104 2,69 0,24 0,06 ! 0.03 0.03 : 
I 
! 105 2.98 0,13 0.04 

106 6.73 0.35 0.12 0.02 0,01 

107 5.33 0.41 0,:0 0.03 0.02 

108 3,30 0.14 0.04 0,03 0.01 

109 2.04 V,10 0.01 0.01 

110 6,63 0,83 0.30 0,13 0,08 

111 6,22 0,25 0,06 0.02 0,02 

112 4.37 0.45 0.12 0.05 O.Olf 

113 3.10 0.14 0,05 0.01 0,01 

114 5.66 0.14 0.04 0.03 0.02 

115 3.58 0.28 0.06 0,01 

116 1.91. 0.10 0.02 

117 1.81 0.09 

118 2.36 0.25 0,08 0,02 0.01 

119 
i 

2,02 0.12 0,03 

120 
, 

2,38 0,16 0,04 0.01 , .. 
121 2,81 0.15 0.03 0.02 

122 2.54 0,06 0,02 

123 2.74 0,15 0,04 0,02 0.01 

124 2,62 0,07 0,01 0,01 

125 2.60 0,:>6 0,03 0,01 

126 2.81 0,(;6 0,01 

127 1,71 0,09 0,03 0.01 

128 2.41 0,08 0,02 

129 3,11 0,28 0,09 0.05 0,02 

130 2,16 0,10 0.02 

131 2,51 0,03 

132 1,39 0,11 0,03 

133 1,76 0,12 0,02 0,01 

134 1.36 0,03 0,02 

135 0,99 0,08 0,01 0,01 0,01 

I 136 0,98 I 0.01 , 
-,_.- ~ ._-.. _-, 

' _____ 1 __ 
--,-~, ~~_._l 

contj.nued ••••••••• 
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Appendix 14 (contd.) 

---------------------'----~~~f!~o~n~n 1 __ '" H~an n~ber/field (0.5 sCl:mm. )greater than: __ ! ----'--~ 

b
'll t . h' 3.6.),m I 10J4 m f 15j-lml 20,um I 25Mm ' ~ e, l.ne ea ~ ~ . r '; i / ' 1 ( t . __ - ' - --. --~ -t 

I 
j 

\ 
I 

I 

137 1.32 c.04 0,01 

138 

139 
140 

141 

142 

143 

144 

145 
146 

147 

148 

).49 

150 

151 

152 

153 
154 

155 
156 

157 

158 

159 
160 

161 

162 

163 

164 

165 
166 

167 
168 

169 

1.26 

2.39 

3.07 
2.21 

2.80 \ 3.00 

3.61 

4.66 

2.90 

3.51 

3.09 

3.31 
4.12 

2,60 

4,02 

1.62 

3.07 

2.76 

2.56 

2.54 

2.32 
2.48 

2.87 

3.70 

4.72 

3.92 

2.69 

2.50 
4,43 

0,06 

0.19 
0.02 

0.09 
0,06 

0.09 

0.13 

0.11 
0.18 

0.27 
0.15 

0,15 

0.20 

0.06 

0,20 

0.08 

0.24 

0,18 

0.15 

0.11 

0.08 
0.02 

0,14 

0.09 

0.09 
0,31 

0.11 

0.04 

0,19 

0.06 

0.02 

0.01 i 

0.02 

0.02 

0,02 

0.05\ 

0. 08 1 

~:~~ I 
0.07 I 

, 
0.08 ! 
0.03 I 
0.15 \ 

I 

0.04 ! 
0.06 ; 

0.01 I 
0,01 

0.01 

0.01 I 
0.01 I 

I 

0.05 

0.01 

0.01 
0,01 

0.03 

0.02 

0.02 

0.03 

0.01 

0,06 
I 

0.02 i 
0,02 -

0,01 

0.13! 0,06 

o,03! 0.02 

0.02 I 0.01 

0.06 0.04 

0.01 

0,01 

0.01 
0,01 

0.01 

0.01 

0.01 

0.01 

0,02 

3.72 0.04 0.01 0.01 : 

~01 ~~ 0.~1 ~~I 
! I 

0.02 

0.01 4.14 0.30 0.11 i 0.01 i 
I ! \ 

'\ --~-~. ----!----'-----'--
continued •••••••• 
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~Jlendix 14 (contd.) 

\ 
- ~~~'?l~-:~? - i ~~~~:umber/~~~i~(;:5-~q:~:;-g-;;~t~~'t-;~;---T 

pOSl tlon lr. \- . ---

I ___ ~~=le~, __ :~c_hes J-.~~I'-~- f ._~Ot~_ L l1'-I
mi 20;U~-+_ 25~~ __ I 

I 170 3.45 i n.07 0.01 O,Ol! I 
I 171 4,77 0.13 0.0l 0.0:. 

I 172 5.43 0,40 0.07 0,01 0,01 

173 4.10 0,12 0.03 0.01 

174 4,06 0.14 0,02 0,01 

175 

176 

177 

178 
179 

3.71 

8.79 
6.65 

5,34 

3.07 

0.05 

0.84 

0.33 

0,13 

0.34 

0.02 

0.40 

0.03 

0,06 

0.09 

0.02 

0.23 

0,01 

0.02 

0.03 

0.01 

0,17 

0.02 

0.01 

! I 
.--~---,--.-,.~- ,. 

2j8 



~:e.end:i.x 15 
lmAN SIZE DI,STRIBUTION COUNTS OBTAINED ON SAHPLES FROH "DIRTY" 

BILLET T369 
. -"] Sample and \ Mean number/field(0.5 sq.mm.) greater than 

posi tion in. ! 
3:6~m "'.O}lm 15.1'm I 2°flm I 25ft m billet, inche~ 

0 2.55 0.17 0.03 I 0.01 
1 3.19 0.11 003 ' 

2 2.78 0.24 

\ 
0:07 I 0,01 

3 3.21 0.19 0.03 
, 

I 

4 4.89 0.10 I 0.01 

I 5 6.39 0.33 0.07 0.04 

6 3.66 0.12 0.05 

7 6.69 O.BO 0.09 0.01 0,01 

8 4.08 0.08 0.02 0,01 

9 1.95 0.09 0.03 0.01 0.01 

10 4.39 0.47 0.08 0.04 

11. 3.89 0.28 0.05 
12 3.54 0.13 0.03 

13 5.16 0.17 0.05 0.03 0.01 

14 5.38 0.29 0.05 0.02 

15 3.78 0.18 0.04 0,01 

16 4.29 0,32 0,05 0.03 

17 8.86 0.49 0.12 0.04 0.02 

18 3.58 0.25 0.12 0.06 0.04 

19 2.91 0.10 0.05 0.04 0,02 

20 4.83 0.33 0.08 

21 3.01 0.31 0.13 0.u8 0.04 

22 2.63 0.22 0.09 0.02 

23 5.65 0.11 0.05 0.03 0.02 

24 4.97 0.22 0,04 0,01 

25 2.71 0.05 0.01 

26 3.51 0.22 0.08 0.05 0.08 

27 2.49 0.19 0.07 0.03 0,01 

28 ~.42 0.46 0.22 0.09 I 0.05 I 29 9.76 0.25 0.11 0.05 0.01 

30 4.81 0.31 0,08 0.02 0.02 , 
! __ .1 

continuea ••••••• 
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· 
Sample and 1 Mean number/field (0.5 sq.mm.)greater than: 
position in 

... 
3.6/" m 10!~m 15!im 20klm 25/,m 

billet, inche .' / 

31 4.32 0.05 I 0,01 0.02 0.01 

32 4.92 0.42 0,16 O.le 0,05 

33 2.55 0.13 0.03 0.02 !.0.01 

I 34 4.92 0.42 0.16 0.10 0.05 

\ 

35 15.82 1.33 0.51 0.28 0.21 

36 11.41 0.42 0.14 0.07 0,01 

37 6.38 0.38 0,09 0.02 
, 

38 8,78 1,06 0.30 0.12 0.06 

39 6.57 0.37 0.09 0.04 0.02 

40 10.64 0.97 0.31 0,13 0.05 

41 6.23 0,52 0,14 0.09 0.05 

42 8.25 0.37 0,11 0,04 O.Ol 

43 8.23 0.48 0.16 0.07 0.04 

44 3.99 0.17 0.07 0,04 0.04 

45 9.75 0.40 0.07 0,03 0.02 

46 11.60 0.53 0.17 0,07 0.02 

47 8.61 1.15 0,42 0.23 0,11 

48 6,18 0.28 0,10 0.04 0,03 

49 5.52 0,52 0.20 0.08 0.04 

50 5.50 0,16 0.07 0,03 0.02 

51 8.32 0,59 0.22 0,12 0.05 

52 5.84 0.18 0.09 0.05 0.02 

53 6,89 0,45 0.13 0.04 0,03 

54 11.24 1.34 0.44 0.22 0.08 

55 7.28 0.61 0.13 0.04 0.01 

56 7.14 0.62 0.21 0.14 0,08 

57 5.57 0.16 0.06 0.04 0.04 

58 10.86 , 0.72 0.33 0.15 0.10 

1 59 5.62 I 0,40 0.19 0,11 0.05 

\ 60 

\ 
2.98 1.00 0,46 0.23 0,15 

J 61 2,&6 1.09 0.46 
\ 

0.26 0.15 

I 62 7.37 2.34 1,07 0.46 I 0,26 
! 

1 
, 

, ______ ._-'--____ ,l ___ .....L __ -.J... __ ..J-___ ~' 

continuea •••••••• ~. 
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--------- -------

AEEendix 15 (contd.) 
i Sample and Mean number7fie1d (0.5 sq.mm.) greater t~ 
I 

I 
position in 

3.6/im J 10!, m I 15f'm 20jim . 25/'1 m billet, inchef , i , , 

I I 63 I 10.18 3.63 1.79 0.92 0,64 

'54 9.00 1.81 , 0.79 0.49 0.28 

'-j 

_.' 

65 4.97 0.63 0.36 0.18 0.09 
66 ~}~ 22 0.81 0.33 0.18 0.16 

I 
67 12.52 0.24 OoU5 
68 4.29 ' .• 01 0.32 0.16 0.06 

I 69 8.?1 0.93 0.34 0.14 0.10 

70 4.99 1.14 0.45 0.26 0.17 I 
71 6.81 0,86 

I 
0.32 00 19 0,08 

72 I 9.38 1.79 ! 0.76 0.37 0.27 i 
73 ! 4.77 0.41 : 0.11 0.04 0.02 , 

I 

I ?4 8.66 0.56 ; 0.17 0.06 I 0,02 i' , 
75 4.59 0.44 I 0.19 0.07 0.05 

, 

76 9.73 1,63 i 0.91 0.46 0.35 
I , 77 5.01 0,38 
I 

0.20 0.07 0.04 
I 

78 7.80 1.15 0.58 0.26 0.14 

79 4.35 0.45 
\ 

0,23 0.16 0.11 
80 5.14 I 0.85 0.50 0.24 0.09 I 

81 4.76 0.62 ! 0.31 I 0.11 0.06 i 
I 

82 3.52 0.99 t, 0,40 0,17 0.05 

83 0.26 
i 

7.73 I 0,07 0.02 0.01 , 
i 

84 5.20 0.27 ! 0.05 0.01 

85 7.34 0.1? 0.04 i 0,01 0.01 

86 9.15 0.69 I 0.30 0.16 0,07 

I 
, 

0.16 87 4.31 0.54 I 0,28 0.22 
88 6.28 0.24 I 0.08 0,03 0,02 

89 6.58 1.19 I 0.38 0,19 0.10 I 

90 5.64 0.46 0.14 0,07 0.06 

91 5.66 0.49 00 13 0,06 0.03 

92 5.56 0.60 0.22 0.07 0.03 

93 13.84 1.65 0.52 i 0,26 0,13 

94 I 19.57 2.94 1.15 0.67 0.39 
I I 95 8.32 1,22 0.47 0.23 0,09 
I , 
! , I I . , . ....... - I , , 

/ 
_1 

oont--:tnued ••• #I ••••• 
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~pendix 1~ (contd,) 

Sam~l: an~ J Mean-;;;;;ber/field<0:5 sq,~.) greater than: 'l 
posJ. tJ.on l n -- . . T 
bill:': i~che I . 3.~m lOjAm I 15/Am 20;4m 1 25t'~ __ . 

. ! , . 
I 96 15,27 1.46 0,52 0,18 

I 
0.09 

97 8.72 1.36 0.53 0,31 0.21 

98 10.32 0.66 0.25 0.14 0.09 

99 1.7.39 1.37 0.35 0.1). 0.07 
100 9.16 0.41 0.19 0,04 0.02 

101 7.41 0.27 0,12 0,02 0.01 

102 4,55 0,22 0.07 0,05 

103 23.75 0,96 0.23 0.08 0.02 

104 5.09 0,86 0,43 0,23 0.11 

105 3.16 0.18 0,07 0.04 0.03 

106 4,05 0.18 0,03 0,02 0.02 

107 10.06 0.50 0.15 0,04 0.03 

108 5.24 0,59 0.17 0.07 0.06 

109 7.41 0.30 0.10 0.05 0.01 

110 5.56 0.23 0.11 0,02 0,01 

111 10.93 0,36 0.15 0,06 0.02 

112 8.09 0.38 0.15 0.09 0.07 

113 5.77 0.18 0.03 0,01 

114 11.55 0,78 0.29 0.27 0.14 

115 4,23 0.18 0,08 0.03 0,01. 

116 6.36 0,37 0.14 0.03 0.01 

117 4.33 0.33 0.17 0.05 0,01 

118 4.92 0,70 0.30 0.14 0.09 

119 10.22 0.24 0,06 0.02 0.01 

120 6.18 0,49 0,18 0.09 0.04 

121 5.48 0.24 0,07 0,02 0,01 

122 6.89 0,20 0.12 0.05 0,03 

123 6.69 0.55 0.18 0.09 0,02 

124 5.21 0,33 0,09 0,05 0,02 

125 10.52 0.33 0.13 0,05 0.03 

126 :;.76 0.30 0.26 0.06 0.05 

127 2,78 0,22 0.11 0,07 0.04 

128 2.12 0.06 0,04 0.01 
1 

-":-__ 10.-_ .,-' 

con.tinued .. " ............ 
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AEEendix 15 (contd.) 

Sample and Mean number/field (0.5 sq.mm.) greater than: 
position in ---3.~ml 10fm 15jtml 20)1m/ 21't m billet. inches 

I , 
I 

0. 16 1 
I 

:'.29 6.84 I 0.28 0.13 0.11 , , 
130 9.18 I 2,17 1.04 ) 0.53 0.28 

131 4.14 

1 
0.35 0,17 0.11 0.07 

132 2.76 0.51 0.29 0.11 0.06 

133 6.74 I 1.24 0.52 0.28 0.15 
134 13.57 j 1.15 0.40 0.18 0.07 

135 3.61 0.71 0.40 0,25 0,12 

\ 136 6.01 0.36 0.10 0,05 0,91 

137 5.26 0.47 0.24 0,11. 0,03 
138 12.14 0.80 0.22 Oj07 0,06 

139 4.62 0.40 0.15 0.08 <>.05 
140 4.37 0.37 0,11 0.06 0.05 
141 8.37 0.49 0.14 , 0.08 0.06 
142 7,69 0,24 0.03 0.02 0.01 

143 3.21 0,31 0,05 0,02 0.01 

144 8.57 0.54 0.15 0.05 0.03 
145 6.32 0.22 0.06 0,02 0.01 
146 3.42 0.10 0.07 0,03 0.02 

147 4.83 0.24 0.03 0.01 0.01 

I 148 5.69 0.35 0.13 ' 0,06 0,02 

149 4.10 0.31 0.10 0.04 0.01 

I 150 6.53 0.27 0.12 0.04 0.01 

151 5.76 0.86 0.30 0,14 0.12 , 
I 152 6,42 1,22 0,61 0.41 0,25 

153 4.03 0.45 0,12 0,07 0.04 

154 4.81 0.89 0.42 0.20 0,16 

155 5.13 0.18 0.04 
156 5.71 0,27 C.ll 0.06 0.04 

i 157 9.84 0.33 0.11 0.05 0.04 

I 158 15.73 0.30 0.19 0.07 0.04 

I 159 8.34 0.28 0.09 0.02 , , 160 14,46 0,64 0.14 0.04 0,01 J. 1.--
continuea •••• _ •••• 

243 



~~ndix 1~ (contd.) 
------

Sample and Mean number/field (0.5 sq.mm.) greater than: 
position in 3.6 lAm l0f'm 15/"m! 20)lm I 25)1 m 
billet, inches 

I 
'.61 6.79 0.66 0.15 I 0.03 , 

162 8.89 0.28 0.10 0.03 0.03 

163 8.62 0.21 0.06 0.04 0.02 

164 13.10 0.33 0.15 0.01 0,01 

165 9.46 0.53 0.23 0.13 0.09 

166 11.20 0.37 0.06 0,05 0,04 

167 18,08 0.48 0,13 0.06 

168 12.25 1.33 0.36 0.09 '0.04 

169 17.53 4.17 3.14 2.58 l.,. 47 

170 8,43 0.53 0,15 0.08 o,c6 

171 8.40 0,32 0.16 0.03 0,02 

172 6.37 0.12 0,01+ 0.02 0.02 

173 6.72 0.27 0.14 0.05 0.03 

174 9.28 0.32 0.08 0,03 0.01 

175 12.41 0.41 0.12 0,05 0.02 
I 176 5.98 0,24 0.09 0.06 0.02 
I 

I 
177 9.06 0.41 0,10 0.04 0.01 

178 13.51 0.58 0.14 0,02 0.02 

179 5.93 0.32 0.15 0.05 0.01 
! • -J. 



~pend:i.:!....16 

OXIDE SIZE DISTRIBUTION RESULTS ON SANPLE P587-53 AFTER THIRTY 
REPOLISHES 
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0.05 
0,17 
0.03 
0.05 
0.02 
0.16 
0.02 

0.17 

0.10 
0.37 
0.04 

0.02 
0.01 
0.01 
0.03 

0.03 
0.14 
0,02 
0,02 
0,02 
0.06 

0.03 
1,85 
0.44 
0.34 
0.24 
0.22 
0.04 

0,06 
0.31 
0.01 

0.01 

0.02 

0.11 
0.01 
0.02 

0.02 



U·"~_.~ ~""-,.-.". 

AEEendix 17 

OXIDE SIZE DISTRIBUTION RESULTS ON SANPLE P587-1 AFTER 30 REPOLISHES 
i . -

Repolish 
, 

Nean number/field (0,5 sq,mm.> greater than: , , 
3.6f1m I lOIAm 15,.4Am 20jllm 25j1m 

~- 1 5.75 0.24 0,05 i I 

2 4.19 0.21 0.10 0.04 . 0.02 

3 3.13 0.09 0.02 0,02 0.02 

4 2.52 0,06 I 0,03 0.02 

5 3.39 0.11 0.02 

6 I 1.22 0.06 I 

1 I 7 1.74 0,11 0.02 0.01 

8 0.51 0.03 

9 0.58 0.11 0,02 0.01 

10 1.65 0.27 0.02 

11 2.24 0.84 0.66 0.35 0.23 

12 1.59 0.34 0.11 0.04 0.01 

13 1.05 0.26 0,11 0.04 0.02 

14 0.71 0,08 0.02 0.01 

15 0.34 0,13 0.06 0.03 

16 0.41 0,05 0.03 0.02 0.01 

17 0.77 0.18 0.10 0.05 0.03 

18 0.71 0, .... 6 0.07 0.03 0.01 

19 1.23 0.13 0.03 0.01 

20 2.31 0.74 0.37 0,18 0.08 

21 1.07 0.11 0.02 

22 1,66 0.26 0,10 0.01 0,01 

23 1.31 0.20 0.05 0.03 

24 0,61 0.22 0,01 

25 1.17 0.22 0,07 0.07 0.01 

26 1.21 0,23 0.04 0.02 

27 1.30 0.21 0.05 0.03 

:3 0,89 0.19 0.07 0,03 0,01 

29 1.03 0.17 0,02 0.01 
; I 

30 0.59 0.09 I 0.02 0,01 
I 

\ Mean \ 1.56 0.21 0.08 0.04 i 0,04 , 
! I 

I. 
i 

I I I ! . 
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~~ndix 18 

OXIDE SIZE DISTRIBUTION RESULTS ON SAMPLE P587-126 AFTER 30 R1'POLISHES 

--- ----- - --_. - ----- -, ."-~--.'."'- .. --- - .. -
Mea~-;;'Umber/fie1d (0,5 sq,mm,) gr~ater t~.:._l Repolish I 

I 3,6f~m 10)l m 15/1 m 20 I,m i 25)< m 

) • 0.07 
, 

1 3.17 ~,l1 0.02 
, 0.01 I 

2 3.47 0.19 0.01 I 1 
3 

, 
2.49 0.08 0.01 0.01 I 

4 2.00 0.10 0.04 0.02 0.01 

5 1.83 0,08 0.03 0;01 0.01 

6 1.34 0.10 0.02 0.01 

7 2,08 0.14 0,08 

8 0,70 0,09 0,05 0.01 

9 ! 0,36 0.10 0.04 

10 0.92 0,18 0,06 0,02 0,02 
i 

11 0,80 0,16 0.04 0.03 

12 0.76 0,09 0,02 0,02 0.01 

13 0.45 0,11 0,03 0.02 

14 0,76 0.15 0,06 0.03 0,02 

15 0.59 0.10 0.03 0.01 0.01 

16 0,95 0,19 0,07 0.03 0.02 

17 0,86 0.21 0.08 0.04 0,01 

18 0,68 0.13 0,04 0,01 0.01 

19 0.90 0,26 0,19 0.13 0.07 

20 0.53 0.10 0,02 0.01 0.01 

21 0.78 0.11 0,04 0.01 

22 1.35 0,39 0.20 0.09 0,03 

23 0,85 0.16 0,04 0.01 0.01 

24 0.77 0,14 0.01 0,01 0,01 

25 0,58 0.13 0,02 

26 1.27 0,19 0,06 0.02 

2'/ 0.75 0.18 0,05 0.02 

28 0.58 0.07 0,03 0.01 

29 1,04 0.24 0,05 0,02 0,01 

30 0.5h 

I 
0.12 0,03 0,01 0,01 

Mean 1,00 C.12 0.03 0.01 0,009 
I 

I I 
, 

I \ I , , 

'21+7 



Calculation of correlation coefficient - Quantimet oxygen versus 

neutron activation oxygen (n=59 determinations) 

>< 

o 
.~ 

.~ 
w , 
~ 

Q) 

-
."-

f-•. 

. -

.-. 
_ .. 

~ 

~-

12 ~O.O - 10.8 

11 9.2 - 10,0 
10 8.4 - 9.2 

9 ';'.6 - 8,4 
8 6.8 - 7.6 
7 6.0 - 6,8 

3 5 7 5 12 16 3 3 5 59 
1 1 1 1 4 

1 1 2 

1 1 

3 3 
1 1 1 3 

1 1 :J.. 1 4 
s 6 5.2 - 6,0 21 1 1 1 !- 7 rl j--l-._"_ .. 

p 5 4.4 - 5.2 
tU .. -

4 3.6 - 4,4 

If 3 2.8 - 3.6 
>< 2 

f--
2.0 - 2.8 

1 1.2 - 2,0 

Value 

r--
GROUP 

1 3 1 1 2 

1 21 1 3 
2 1 2 3 1 

1 2 2 3 
1 1 1 

2.6 3003.43.84.24.6 5.05.45.8 I 

3.0 3.43.84.24.65.0 5.45.86.2 

1 2 3 4 5 6 

y = Neutron activation 
(wt.% O

2
) x 10.2 

7 8 9 
-

~y = 3 + 10 + 21 + 20 + 60 + 96 + 21 + 24 + 45 = 300 

l:y2= 3 + 20 + 63.+ 80 + 300 + 576 + 147 + 192 + 405 = 1766 

3002 
Correlation due to mean = ~ = 1525 • 

. Sum of squares abt. mean = 1766 -1525 = 241 

.' • .variance of y = 2~g = 4.138 

8 

8 
.-.. 

9 .. _4~_.~. 

3 -
:; 

.... 
'-

lrx = 3 + 16 + 27 + 32 + 40 + 42 + 21 + 24 + 27 + 10 + 22 + 48 = 319 

l:x2= 3 + 24 + 81 + 128 + 200 + 252 + 147 + 192 + 243 + 100 + 242 

+ 576 = 2188 

Correlation due to mean = 3~~2 = 1725 

Sum of squares abt. mean = 2188 - 1725 = 463 

• . . '. variance of x = ~t = 7.984 



- - • ~endix 19 (contd ) 

Sum of products LXY Calculate ili "iY X xl..y 
- . 

col.l (x=!) = 1 + 4 + 7 = 12 1 12 

"~~"'-

• 

2 '" 1 + 2 + 6 + 5 = 14 

3 '" 4+3+8+12 = 27 
4 '" 4 + 6 + 7+10+12 = 39 
5 = 1 + 2 + 6 + 4 + 15 + 6 + 11 + 12 = 59 
6 = 6 + 9 + 12 + 5 + 6 + 7 + 8 

+ 27 + 12 '" 92 
7 = 3+7+11 '" 21 
8 = 5 + 6 + 8 , 19 
9 =10+6+8+12 '" 36 

Total (r.) .319 

Correlation due to mean =1; x.! y '" 300 x 319 
n - 59 

sum of products = 1747 - 1622 '" 125 
covariancy of x,y '" 125 = 2.155 

5S 

2 

3 
4 

5 

6 

7 
8 

9 

correlation coefficient, r, '" 125 = 0.3742 

significance levels for 58 degrees of freedom 

.- 10'/0 5'/0 1% 0,,1% I r 
I 0.215 0.255 0.331 0.415 0.374 I , 

28 
-81 

156 
295 

552 .-... -...• 

147 
·r·~·· 

152 ..... -,-
324 

.----.-

1747 

. . r is significant to better than 1%, i.e. the correlation 

is highly significant. 

Quantimet percent area measurements were converted to volume 

percent oxygen using the formula: 

Oxygen, wt.% = 
Percentage area oxid~ (Quantimet) 

K 

with a knowledge of the composition and density of the oxides, 

the K factor can be calculated from the formula: 
100. ~.' Fe 

K = () 
p'X 

\) inc. 



Appendix l~ (contd.) 

where p = weight percent of oxygen in inclusion 

a'Fe= ~ensity of steel 

Gf
inc

= density of inclusion 

The values of p and X,, ,and the corresponding K values for 
(J .mc 

some of the oxides commonly found in steel are gi'Ten in 

Appendi.x 20. In the work described, K was taken as 5. 



DENSITY, OXYGEN ceNTENT AND K VALUES FOR SOME COMHONLY 

OCCURRING INCLUSIONS IN STEEL(103) 

········_-··---T • _ ..... _";"-- ._-_ ..... __ .j 

Formula I Type Density Oxygen Calculated I i 
g/cm3 % K values 

I 
6,1-'--·1 I 

FeO I vlUstite 5.7 22.3 
MnO I ~!anganosi te 5.4 22.5 6.5 ! 

Si02 Cristobalite 2.3 53.3 6.4 

Si02 Quartz 2.6 53.3 5.7 
A120

3 
I Corundum 4.0 47.1 4.2 

Cr20
3 

I Chromium oxide 5.2 31.6 4.7 
i (escolaite) 

MnO.Si02 Rhodonite 3.7 36.6 5.7 
2MnO.Si02 Tephroite 4.0 31.7 6.1 

2FeO.Si02 Fayalite 4.3 31.4 5.8 
FeO.A120

3
! Hercynite 4.1 36.8 5.2 

Feo.cr20
3
! Chromite 5.1 28.6 5.3 

Mno.A1
2
0
3

; Galaxite 4.2 37.0 5.0 

3A1203·2Si02 
; Mullite 3.2 44.5 5.6 

---.~ .... 
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APPENDIX 21 

RE.SULT OBTAINED ON 66 TEST PI ECE S 
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SAMPLE 
SA M P LE. 

61 B 5 
63 B 5 

, /~' .. ~~~'-"'-~~'~" ...• ~-.,. ... "., .•. -".' 
".~=~/~"'_"',,,,,=,,,,*~,,,,,,...,_.,,,,,,~<~ .... ,"""_ ..... ,,,,,"""'-=.-'""~m ..... "=''''~. 

-""".'=~-".~,~~~~~-~.~--~ M/' GNET le 
. --.~~ .. ~>,.=.~-':_'.}o<~~::'~ . .",~ 

I 
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-
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Mean oxide percentage area and projection counts for samples from top of ingot. 
, -
I Projection 

Spec," «.;:. Cas Percent~e field. (total len,,) 
No. No. mm. 

Frecuency. per 100 fields. Mean Std. 

0:03. 0.03- 0.20- 1.20- M i Std. De . Dev'n • 0.55- ')' (~:;g!!.t (X10 .) 0.20',b 0.55% 1.2a,'6 2.7Cfi6 2.7a,'6. 

1 3224 44 53 3 • • • pi 1004 Ec 64. 
2 " 62 36 2 • 34 509 40 40. • • 
3 " 48 50 2 490 453 68 60. • • • 
4 " 48 49 2 1 621 779 68 68. • • 
5 2958 78 22 • • • , 171 319 16 32. 
6 " 64 36 478 563 56 52. • • • • 
7 " 44 56 209 261 20 24. • • • • 
8 " 64 32 2 438 428 44 36. • • • 
9 " 86 14 122 202 8 12. • • • • 10 p683 73 27 • • • • 256 346 28 36. 

11 " 80 20 • • • 294 573 24 36. • 
12 2969 62 35 3 • • • 408 675 40 64. 
13 " 88 12 144 206 12 16. • · • • 
14 11 62 37 1 • • 368 404 40 44. • 
15 11 79 21 253 288 24 28. • • • • 
16 P917 32 !+8 • • • • 499 470 48 40. 
17 11 81 18 1 • • 257 453 24 44. • 
18 11 75 25 256 287 28 28. • • • • 
19 11 84 16 • • • • 189 209 20 20. 
20 11 93 7 • 129 208 12 20. • • • 
21 . " 94 6 • • • 136 146 16 20 • • 
22 P792 98 2 • • • • 71 103 8 12. 
23 " 72 26 2 347 589 28 28. • • • 
24 11 76 24 273 308 24 28. • • • • 
25. 11 92 8 • • • 147 197 40 20. • 
26 3225 64 34 • • • • 393 395 40 36. 
27 " 57 39 3 1 367 It25 40 36. • • 28 11 38 56 5 1 745 937 76 80. • • 
29 11 65 35 • 318 347 28 28. • • • 
30 P9C2 50 46 4 • • • 511 527 44 44. 
31 11 60 39 1 442 474 44 36. • • • 
32 T1l3 73 27 • • • • 345 342 40 36. 
33 11 64 35 1 • • 383 443 40 40. • 
34 P894 68 31 1 • • • 345 339 44 40. 
35 11 34 64 2 • • 648 558 72 56. • 
36 11 63 36 1 392 388 40 36. • • • 
37 11 39 51 2 • 560 464 64 48. • • 
38 3391 53 41 6 • • • 616 713 60 64. 
39 11 62 38 362 347 36 32. • • • • 
40 11 4:\ 47 9 2 1 1064 1939 100 148. · 41 11 64 36 372 358 44 40. • • • • 
42 11 55 41 4 533 631 64 64. • • • 
43 p445 58 41 1 • • • 383 447 40 36. 
44 11 71 28 1 327 572 32 40. • • • 
45 2387 86 14 • • • • 135 234 13 20. 
46 11 92 8 • 116 143 12 12. • • • 
47 11 59 40 1 317 387 36 36. • • • 
48 P200 80 19 1 • • • 200 478 12 40. 
49 11 44 55 1 406 431 48 44. • • • 50 11 51 47 2 • 371 450 40 44. • • 
51 • • • • • • • • • • ! • 
52 11 61 29 • 192 189 20 j 24. • • • 0;3 11 81 19 , ......... _I--XlL .. ")12 16 ! 28. • • • 

• Field size ~ 0.5 sCi"~r.l. 268 



Mean oxide percentage area and nroiection counts for samples from ~ddle of inRot. , 
Specimel Cas1 Projection 

No. No Percentage fields. (total len~) 
Frequoncy . ' er 100 flel s • mm. 
<: 

?' Mean!4) S:I;d.Dev Mean. Std. 
0.03% 0.03- 0.20- 0.55- 1.20- De" .-

0.20',6 0.55% 1.2()) 2.70';6 2.70',6. (XlO (XI0-4) 

1 3224 30 59 10 1 • • 929 1028 88 92. 
2 " 33 54 12 1 · • 946 1116 68 72. 
3 " 55 44 1 • 431 408 56 48. G • 
4 " 42 51 6 1 • • 686 885 68 76. 
5 2958 85 15 • • • • 23-, 27(, 24 28. 
6 " 48 49 2 • • 545 583 60 60. • 
7 " 74 26 298 388 32 44. • • · • 
8 " 84 16 • 204 284 20 28. • • • 
9 " 38 60 2 • 418 355 52 If4. • • 

10 P683 88 12 • • • • 164 191 20 20. 
11 " 75 24 1 • • 254 602 20 40. • 
12 2969 41 54 5 • • • 639 534 68 44. 
13 " 92 8 • • • 108 170 12 16. • 
14 " 78 21 1 • 237 318 24 28. • • 
15 " 68 30 2 • • 357 423 36 44. • 
16 P917 61 38 1 • • • 450 526 44 44. 
17 " 88 12 • • • • 198 317 20 32. 
18 " 7? 23 • • • • 278 343 36 44. 
19 " 67 32 1 • • • 336 387 • • 
20 " 87 12 1 • • • 177 320 20 20. 
21 " 90 9 1 155 404 • 0 • • • 
22 P.79< 93 7 • • • • 104 140 8 16. 
23 " 68 28 4 • 295 466 32 40. • • 
24 " 66 32 1 1 • 348 364 36 36. • 
25 " 87 13 • • • 166 209 20 28. • 
26 3225 18 64 17 1 • • 1208 1159 120, 100. 
27 " 56 40 4 • • 504 608 52 52. • 
28 " 53 38 9 • 647 766 72 76. • • 
29 " 56 42 2 • • • 712 746 • • 
30 P902 74 24 '2 • • • 386 707 36 68. 
31 " 41 52 7 • 0 757 825 76 84. • 
32 T113 54 39 6 1 0 • 695 1074 64 92. 
33 " 54 44 3 • • 525 571 44 52. • 
34 p.89 54 45 1 • • • 418 364 44 36. 
35 " 51 48 1 • 406 411 40 40. • • 
36 " 68 31 1 • • 352 387 28 28. • 
37 " 29 70 1 • 663 452 68 40. • 
38 3391 62 34 4 • • • 517 694 48 64. 
39 " 31 54 11 2 2 • 1356 2946 140 212 •. 
40 " 55 36 7 2 684 1172 68 100. • • 
41 " 51 31 17 1 • 952 E86 92 100. • 
If2 " 41 50 9 • • 737 786 72 68. • 
43 p.445 46 46 8 • · • 694 844 60 72. 
44 11 58 26 10 '2 1 • 1053 2537 80 136. 
45 2387 69 31 • • • • 196 191 20 24. 
46 11 66 34 • 285 329 32 40. • • • 
47 " 75 23 2 • • 265 417 24 40. • 
48 P200 80 20 • • • • 172 258 16 28. 
[+9 " 67 32 1 • • • 261 303 24 24. 
50 11 40 59 1 • 425 408 40 36. • • 
51 • • • • • • • • • • 
52 .11 77 121 2 • • • 263 612 20 40. 

I '5'3 " 82 
, 

14? 200 12 . 20-'--1 
~ 

! 18 • \ . · 
• Fielc area ~ 0.5 Sq.mm. 269 



Mean oxide percentaGe area and projection counts for samples from one billet 
length from bottom. 

Specimen Cast Projection 
No. No. Percentage fields (total len£!) 

Freau ncy per 100 fields • mm. 
-~ mean. +iSt,~~ ~ev 1ean. Std. 0.03% 0.03- 0.20- 0.55-' 1.20- > 0.20% 0.55% 1.20% 2.7Cf{, 2.70'/0 (XlO-4 (XlO:.4) Dev'n 

:-
I 

1 3224 47 40 11 2 i 941 
, 1420 92 124. • • I 2 " 59 36 4 1 627 1165 56 92. • • i 3 " 59 40 1 5:8 I 2159 56 88. • • • 

4 " 58 38 3 1 612 1162 56 92. • • 
5 2958 47 48 5 • • • 378 I 446 44 48. 
6 " 73 26 1 404 540 44 52. • • • 
7 " 70 30 • 273 317 28 32. • • • 
8 " 77 22 1 286 336 32 40. • • • 
9 " 28 6~ 7 1 750 722 68 52. • • 10 P683 61 32 6 1 • • • • 60 124. 

11 " 83 14 2 1 • • • • • • 12 2969 ,63 33 4 • • • 418 610 52 84. 
13 " 83 16 1 216 I 245 20 24. • • • I 14 " 72 28 333 I 368 32 32. • • • • 
15 " \ 84 16 • 253 326 32 40. • • • 16 P917 81 17 2 269 I 526 32 32. • • • 

I 17 " 86 12 2 236 382 32 52. • • • 18 " '73 27 • 286 293 36 32. • • • 
19 11 83 16 1 330 

I 
1305 28 44. • · • 

20 " 79 20 1 334 473 44 36. • • • 21 " 73 17 9 1 530 1120 48 60. • • 22 P792 85 13 1 1 • • 318 1289 24 64. 
23 " 77 22 1 281 349 24 24. • • • 24 " 58 42 447 461 32 28. • • • • I 25 " 83 15 2 265 601 24 52. • • • 
26 3225 31 59 5 3 2 • 1257 i 2456 104 144. 
27 " 58 36 5 1 693 1388 64 88. • • 28 " 43 ~f 3 576 663 52 56. • • • 
29 " 79 19 2 291 571 28 56. • • • 
30 P902 76 23 1 • • • 268 388 24 36. 
3'1 " 72 22 2 '+ 630 587 56 164. • • 32 T113 81 17 2 • • • 300 459 28 44. 
33 " 77 22 1 301 532 28 36. • • • 
34 p894 69 30 1 • • • 387 590 44 52. 
35 " 50 47 2 1'; 684 1502 56 76. • • 
36 " 70 30 • 310 328 28 28. • • • 
37 " 51 49 434 308 4'+ 32. • • • • 
38 339~ 44 46 9 2 • • 1128 1807 104 124. 
39 " 49 43 6 1 1 812 1736 72 112. 0 

40 " 68 26 4 2 549 1104 56 80. • • 41 " 40 45 10 3 2 1274 2455 124 176. • 42 " 29 59 9 3 1195 1650 104 124. • • 
43 P445 74 20 5 1 • • 518 1262 48 100. 
44 11 49 44 3 3 1 887 1941 8,+ 144. • 
45 2387 41 50 5 3 1 • 1049 2374 88 188. 
46 11 34 59 7 779 901 44 56. • • • 
47 " 28 67 4 605 612 615 60. • • • 48 P200 67 32 1 • • • 314 560 24 40. 
49 11 50 50 491 1652 32 100. • • • • 50 " 61 36 2 1 478 1590 36 68. 0 • 
51 11 28 68 3 1 561 863 52 64. • • 
52 11 70 26 3 1 396 1091 32 , 72. 0 _:_J \ 53 " 82 17 1 160 '128 16 ; 24. ! .. - , • • I 

• Field area = 0.5 Sq.mn. 270 

I 
i 

, 
: 



APFBNDIX .1.'2. 

Mean oxide percentage area and projection counts for samples from bottom 
of inGot. 

Specimen Cast Projection. 
CodinG No. . Percentage fields. (total 1eng) 

FreQuency per 100 fields' mme 

0:'b3?6 0.03- 0.20- 0.55- 1.20- /' me"::lt) 
Sta. De 'Mean Std. 

0.20% 0.55% 1.20% 2.70% 2.70% (XlO (XlO-4) Dev'n. 

1 322'-' 43 47 8 2 • • 79Lf I 377; 44 108. 
2 " 63 34 3 568 697 60 56. • • • 
3 

, 
" 62 38 494 47(0 56 44. · . • • • 4 " 53 45 2 • 477 643 48 64. • • 

5 2958 58 39 2 1 • • 195 529 20 40. 
() " 85 15 202 214 24 28. • • • • 
7 " 81 19 234 639 24 52. • • • • 8 " 81 16 3 • 387 295 52 36. • • 
9 

... 
" 61 38 1 369 335 40 32. · • · 10 p.683 ~4 20 1 • • • 328 440 28 36. 

11 11 36 • 354 361 12 16. • · • 
12 2969 72 28 • • • • 303 355 35 44. 
13 " 67 32 1 310 418 32 36. • • • 14 " 61 36 2 1 433 733 44 68. • • 
15 11 82 13 2 1 2 719 3229 52 168. • 16 P917 87 12 • • • • 409 2257 20 44. 
17 " 55 45 406 338 60 48. • • • • 18 " 72 22 2 1 3 1120 3584 72 152. • 
19 " 65 23 4 2 4 2 2408 881tO 128 308. 
20 11 68 28 1 3 777 2501 60 120. • • ,,1 11. 83 9 3 2 1 2 1169 4341 72 268. 
22 P792 92 7 • • • • 114 156 40 28. 
23 11 80 20 227 311 24 32. • • • • 
24 11 85 15 178 234 20 24. • , • • 
25 11 72 27 1 344 428 28 24. • • • 26 3225 69 30 1 • • • 301 29Lf 36 28. 
27 11 48 47 3 456 522 • • • • • 28 11 71 25 2 1 1 803 1067 68 68. • 
29 11 73 26 1 336 306 48 40. • • • 
30 P902 51 40 5 1 3 • 1138 3090 104 252. 
31 11 76 18 4 2 612 1927 60 180. • • 
32 T113 18 70 11 • • • 1083 846 124 80. 
33 " 62 38 323 286 40 32. • • • • 
34 p894 74 26 • · • • 355 346 36 32. 
35 11 60 39 1 187 252 20 28. • • • 
36 11 61 37 2 424 1301 44 100. • • • 
37 . 11 14 82 4 498 1354 60 136. • • 0 

38 3391 31 65 4 • • • 796 738 84 72. 
39 " 52 40 4 ItL; 898 1804 88 156. • • 40 " 50 47 2" 1 688 1758 76 124. • • 41 11 32 59 8 1 902 1033 96 80. • • 42 11 48 44 6 2 765 1390 72 80. • • 43 p445 68 25 5 1 1 • 713 575 84 64. 
41+ 11 28 70 2 735 1988 5~ 92. • • • 45 2387 48 51 1 • · • 402 490 44 48. 
46 11 78 20 424 461 48 44. .. • • • 
47 " 64 29 5 2 944 600 92 48. • • 48 . P200 69 29 1 1 • • 367 882 32 56. 
49 11 77 22 1 239 577 20 28. • • · 50 11 76 22 435 1546 32 92. • , • • 
51 11 81 19 233 239 2lt 28. • • • • 
52 11 61 35 1 1 I 1 I . I 692 2640 40 94. 

l.22_ 11 90 10 I 177 164 20 ! 20. 0 • • ; • 
27I ':, ..... ~ .. 

I 



ApPENDIX. 26 .--.•. ----
Mean oxide size distribution counts for samples from ton of 'ingot 

I 
, • 

Specimen Cast 
Coding No. Mean nuober/field(0.5 sq.mm) ) than 

3.6..,m 10,vr.1 15 ",m. 20 ,Am. 25pm. 

1 3224 3.46 I 0.77 0.21 
I 0.08 0.06. i 

2 " 2.45 0.33 0.10 0.03 0.03. 
3 " 3.98 0.13 0.02 0.01 0.01. 
4 " 4.94 0.39 0.09 0.05 0.01. 
5 2958 1.12 0.03 0.02 • • 
6 " 5.24 0.17 0.04 0.01 • 
7 " 1.62 0.12 0.05 0.02 0.01. 
8 " 3.30 0.22 0.01 • • 
9 " 0.93 0.05 0.03 • • 

10 P683 1.67 0.10 0.05 0.03 0.01. 
11 " 1.24 0.02 • • • 
12 2969 2.50 0.20 0.02 • • 
13 " 0.95 0.08 0.01 • • 
14 " 2.95 0.08 0.01 · • 
15 " 2.62 0.14 0.02 0.01 0.01. 
16 P.917 3.62 0.43 0.15 0.04 0.01. 
17 " 1.96 0.L6 0.06 • • 
18 " 2.19 0.18 0.05 0.01 • 
15 " 1.96 0.13 0.03 0.02 0.01. 
20 " 1.59 0.04 0.02 0.01 0.01. 
21 " 1.79 0.01 • • • 
22 P792 0.67 0.01 • • • 
23 It 2.19 0.22 0.10 0.07 0.06. 
24 " 2.05 0.23 0.06 0.03 0.02. 
25 It 1.43 0.07 0.01 • • 
26 3225 3.82 0.27 0.09 0.02 • 
27 .' 

It 4.03 0.19 0.10 0;03 • 
28 11 4.93 0.54 G.J8 0.02 • 
29 It 2.27 0.21 0,04 0.02. 0.01. 
30 P.902 3.40 0.55 0.17 0.03 • 
31 It 3.56 0.29 0.09 0.06 0.01. 
32 Tll3 3.27 0.19 0.05 0.03 0.02. 
33 " 3.62 0.29 0.09 0.01 0.01. 
34 P.894 4.33 0.13 0.02 0.01 0.01. 
35 It 5.23 0.49 0.12 0.05 0.01. 
36 It 3.88 0.40 0.08 0.05 0.0;. 
37 It 5.76 0.41 0.05 • • 
38 3391 3.40 0.30 0.07 0.02 0.01. 
39 It 3.97 0.48 0.16 0.03 0.02. 
40 0, 5.66 0.72 0.23 0.09 0.09. 
41 It 3.81 0.18 0.06 • • 
42 It 4.83 0.32 0,08 0.04 0.02. 
43 p.445 2.50 0.21 0.07 0.04 • 
44 It 2·35 0.16 0.06 0.02 • 
45 2387 1.14 0.14 0.05 0.01 • 
1+6 " 1.28 0.07 0.02 • • 
47 11 3.14 0.30 0.09 0.05 0.01. 
48 P200 0.88 0.27 0.05 • • , 
49 It 4.26 0.34 0.1.18 0.02 0.01. 
50 It 3.13 0·39 0.04 0.02 · 51 I 

It 

I • • • • • 
52 It 2.06 0.13 0.01 ! • • 

" 0 .l} o ,e; 0 53 'd 



;l;fYENDIX..n.. 

Mean oxide dize distribution counts for samples from midUe of ingot. 

Specimen Cad Hean nuober /field(0.5 sq.mm):;', than 

Coding. No. 
3. 6,.,.,>1. lOp m. 15/lm. 20/,m. 251'In. 

1 3224 6.75 0.85 0.22 0.06 0.02. 
2 " 4.86 1.41 0.47 0.18 0.08. 
3 " 3.91 0.15 O.O'( 0.02 • 
4 11 4.87 0.4~ 0.06 0.04 • 
5 2258 2.17 o. r)"? 0.01 • • 
6 --, " 4.24 0.2lf 0.04 • • 
7 " 2.30 0.07 0.01 0.01 0.01. 
8 ': " " 1.71 0.06 0.01 0.01 0.01. 
9 .. II 5.29 0.21 0.04 0.01 • 

10 ~.: P683 1.69 0.02 0.02 • • 
11 • !. ~ '1 " 0.89 0.04 0.02 0.01 • 
12 2969 4.41 0.57 0.14 0.05 0.01. 
13 t,; <,:'; n 1.02 0.05 • • • 
14 ,'3(:"' " 1.59 0.09 • • • 
15 " 3.46 0.15 0.05 0.03 0.03. 
16 P917 3.61 0.41 0.16 0.02 0.01. 
17 " 1.98 0.09 0.01 0.01 0.01. 
18 " 3.12 0.06 • • • 
19 " 4.10 0.16 0.04 0.02 • 
20 " 1.63 0.06 0.03 0.02 0.02. 
21 " 1.26 0.12 0.01 • • 
22 P.792 0.86 0.03 • • • 
23 I " 2.72 0.22 0.06 • • 
24 " 2.99 0.23 0,03 • • 
25 " 1.70 0.06 • • • 
26 3225 9.09 1.01 0.34 0.07 0.06. 
27 " 4.16 0.37 0.11 0.03 0.02. 
28 " 4.37 0.26 0.03 0.01 0.01. 
29 " 3.16 0.07 0.04 0.01 · 30 P.902 2.76 0.27 0.04 0,02 • 
31 " 5.91 0.51 0.15 0.07 0.01. 
32 T1l3 4.66 0.52 0.19 0.14 ,0.09. 
33 " 3.18 0.51 0.19 0.08 0.05. 
34 p894 4.41 0.23 0.07 0.04 0.02. 
35 " 2.46 0.25 0.07 0.02 • 
36 " 2.10 0.28 0.10 0.04 0.04. 
3'7 " 6.40 0.55 0.12 0.05 0.02. 
38 3391 3.77 0.37 0.06 0.03 0.01. 
,'19 " 9.10 0.61 0.22 0.09 0.06. 
40 " 2.97 0.37 0.06 0.02 • 
41 " 5.32 0.89 0.21 0.07 0.01. 
~2 " 4.56 0.49 0.09 0.04 0.01. 
43 p445 4.36 0·50 0.06 0.03 • 
44 " 4.30 0.82 0.35 0.21 0.12. 
45 2387 2.16 O.Or , 0.01 • • 
46 " 2.63 0.15 0.06 • • 
47 " 2.31 0.29 0.15 0.03 0.01. 
48 P200 1.66 0.13 0.05 t • 
49 " 2,lf9 0.21 0.03 0.01 • 
50 " 4.49 0.62 0.14 0.02 0.01. 
51 " • • • • • 
52 " 1.39 0.28 0.14 0.03 0.01. 

L 53 " 1.16 0.10 0.06 ! 0.02 • 

27J 
., 



Mean oxide size distribution counts for samples from' one billet length 
from bottom of iw'ot. 

Specimen Cast 
Coding. No. Mean number /field(0.5 Sq.Ltm)~ than 

3.6r m• 10 Jl'ril. 15 jAm. 20.,. [,1. 25.y.m. 

','1 .' 3224 5.14 0.80 0.19 0.05 0.01. . 
2 11 3.50 0.48 0.14 0.04 0.01. 
3 " 2.96 0.<1 0.13 0.10 0.G4. 
4 11 3.77 0.40 0.11 o .()I+ • 
5 2958 2.59 0.08 0.02 0.02 • 6 1,1 • ," 11 2.71 0.09 0.01 0.01 0.0" • 
7 I.' " 2.63 0.14 0.03 0.03 • 
8 4' '. 11 2.32 0.07 0.01 • • 
9 i, 2 11 6.2~· 0.65 0.20 0.09 0.05· 

10 l.~:: 1.;_ P683 4.69 0.29 0.04 0.01 0.01. 
11 1\. ' " • • • • • 
12 i.1I 2969 4.11 0.10 0.01 0.01 • 
13 ., 11 1.97 0.07 0.03 0.01 0.01. 
14 " . " 2.61 0.23 0.05 0.02 . • 
15 " 11 1.91 0.09 0.04 • • -
16 r. Jf. P917 1.31 0.29 0.02 0.02 0.01. 
17 . l.~: " 3.15 0.05 0.01 • · 18 ",11 .. 3.25 0.09 0.01 ~-. • • 
19 ~i(: ' " 2.46 0.07 0.02 0.01 0.01. 
20 ,; ...... :. " 6.17 0.12 0.05 0.03 0.03· 
21 ':;' . " 5.02 0.31 0.17 0.14 0.09. .. ' " 

22 ,'; f1 P792 1.65 0.19 0.05 0.02 0.01. 
23 

,-, ,.. 
" 2.10 0.24 0,07 0.03 0.03· :' '~. 

24 .T.:', " 1.99 0.40 0. 1 1 0.04 0.02. - -
25 .. 11 2.12 0.13 0.03 • • ' . 
26 '. " 3225 6.95 0.63 0.20 0.06 0.03. 
27 .. " 4.87 0.48 0.13 0.08 0.03. , 
28 .. 

! 11 3.68 0.49 0,10 0.02 0.01. 
29 " 1.83 0.20 0.04 (;.01 • 30 : . P902 2.07 0.23 0.07 0.03 0.01. 
31 . . " 3.97 0.48 0.13 0.04 0.01 • 
32 

. . 
T1l3 2.55 0.17 0.03 ,... ,/ : • • 33 :-;61 " 2.36 0.20 0.07 0.02 0.02. 

34 )" ":- p.894 4.81 0.27 0.07 0.01 0.02. 
35 :,' '.:: " 4.28 0.51 0.21 0.05 0.02. 
36 :':")/ " 2.58 0.20 0.09 0.07 0.03. 
37 "~(:1 " 4.98 0.33 0.07 0.01 • 38 :.> '; 3391 8.25 0.70 0.34 0.16 0.09. -
39 C· " 5.37 0.61 0.15 0.05 0.02. 
LfO 

l~ •. < 11 2.83 0.34 0.18 0.04 0.03· 41 ' .. " 8.73 0.82 0.22 0.11 0.07. 
42 : .. 1 " 6.38 0.97 0.34 0.16 0.07. 
43 l·i·:::6 P445 2.43 0.,.,2 0.09 0.03 • 44 : .. · .. 0 11 4.69 0.53 0.13 0.02 0.01. 
45 ".\ . 2387 6.01 1.47 0.5C 0.15 0.03. .- , 
46 'J:r ,,) 11 3.33 1.30 0.93 0.40 0.15. 'f _~ 

47 .~}::. " 6.93 0.62 0.18 0.02 • 48 ; I ~ P200 1.79 0.35 0.08 0.01 • 
49 ;. li, " 1.22 0.37 0.06 0.05 0.02. 
50 }, :0 " 2.10 0.32 0.11 0.05 0.02. 
51 1 " 5.44 0.65 0.18 0.04 0.01, .' 

I 52 11 1.82 0.27 I 0.13 0.06 0.03. ~ ; 

53 :: '''I I 11 1.16 0.09 I 0.04 I • • - I -. , :. ... ~~ ~ . . ~ ;~'. .. ' ; , . ",' .. .. dJ., .... ~, 274 ,' • ','" . 



M 'd ean ox~ e s~ze 

APPlllNDIX 29 

t f d' t 'b t' 1 f ~s r~ U 10n coun s or samp.e ram b tt 0 om 0 

Specimen Cast 
CodinG No. Mean number!field(o.5.sq.mm.) ~ than 

3.6 e;n. 10.I'.m. 15 pm. 20.P m. 

1 3224 2.73 0.46 0.11 0.07 
2 1t 5.45 0.29 0.06 0.02 
3 It 4.68 0.27 0.07 0.01 
4 " 3.61 0.25 0.08 0.01 
5 2958 1.23 0.06 0.02 0.01. 
6 " 2.09 0.06 0.01 · 7 " 1.54 0.08 0.01 · 
8 " 4.44 0.06 • · 9 " 3.73 0.24 0.03 0.01 

10 p683 2.51 0.24 0.09 0.02 
11 " 1.23 0.05 0.02 0.01 
12 2969 3.12 0.11 0.03 • 
13 J " 2.49 0.15 0.01 0.01 
14 " 2.91 0.25 0.04 · 15 " 2.72 0.29 0.06 0.06 
16 P917 1.81 0.15 0.07 0.01 
17 " 4.29 0.07 0.01 · 18 " 4.82 0.47 0.26 0.15 
19 " 5.58 1.28 0.92 0.64 
20 " 4.25 0.34 0.17 0.11 
21 " 2.82 0.82 0.37 0.17 
22 P792 4.36 0.19 0.06 0.03 
23 " 1.34 0.12 0.01 0.01 
24 " 1.56 0.08 · • • 
25 " 2.45 0·34 0.17 0.06 
26 3225 3.64 0.08 0.01 0.01 
27 " 3.21 0.39 0.15 0.02 
28 " 4.28 0.54 0.25 0.13 
29 " 3.31 0.11 0.02 0.02 
30 P9C2 6.16 1.00 0.36 0.08 
31 " 4.09 0.48 0.08 0.02 
32 · . T1l3 7.04 0.57 0.19 0.10 
33 " 3.43 0.14 0.04 0.02 
34 p894 3.24 0.55 0.14 • 
35 · It 2.03 0.19 0.U5 0.02 
36 · . " 2.97 0.15 0.08 0.02 
37 It 4.97 0.51 0.19 0.06 
38 

, 
3391 5.1/5 0.40 ~.19 0.08 

39 " 4.56 0.,49 0.09 0.02 
40 " 5.51 0.29 0.09 0.05 
41 " 6.97 0.48 0.19 0.10 .. . 
42 ;.,,' n 5.08 0.48 0.13 0.09 
43 :; .~ I p445 8.41 0.32 0.04 0.02 
44 . " 2.94 0.31 0.14 0.06 -
45 · .. 2387 4.06 0.25 0.02 0.02 
46 

,., 

" 4.04 0.22 0.04 0.03 :;> 
47 ;':. " 8.66 0.95 0.21 0.08 
48 P200 2.25 0.39 0,17 0.04 
49 " 1.66 0.17 0,06 0.04 
50 " 1.05 0.16 0.09 0.04 . ., 
51 n 2.41 0.21 0.06 0.01 
52 " 2.69 0.87. 0.23 0.09 
53 

, " 1.65 J 0.04 . 0.02 0.01. , , 
. ,"" . .?75cr c . . 

" -., . 

f' t J...Ilgo • 

25. /~m. 

0.07. 
0.01. 

• 
• 
• 
• 
• 
• 
• 
• 

· 
• 
• 

· 0.04. 
0.01. 

• 
0.08. 
0.60. 
0.04. 
0.13· 

• 
• 
• 

0.04. 
• 

0.01. 
0.08. 
0.01. 
0.04. 
0.01. 
0.06. 

• 
• 
• 

0.02. 
0.01. 
0.03· 
0.01. 
0.03. 
0.02 • 
0.05. 
0.01. 
0.03· 
0.01. 
0.01. 
0.03. 
0.01. 

• 
0.02 • 

• 
0.02. 

• 
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Table 1 

Summary of Inclusion Types and their Effects 

-.---.,..------=~===~==~, ==--,---Type Origin Nature at Final: Distribution j; Effects 

, ___ -+ _______ ,t-te:~~~!::.:~:.::~;:.re::.:s::...._+_--s-h-a-pe , _____ +=----ao,.o_d_-__ ~-_-::::::~-Ad-v-e-;~·-·--------- ---I .-.. ' -" .. ,-- -- 'I 
,sulphides Reaction 

Refractory 
inclusions 
(e.g. high 
melting point 
silicates) 

Plastic 
inclusions 
(e.g, 10'1 
melting-paint 
silicates) 

Fine inclus­
ions (e.g. 

oxides) 

with Nn 
with S in 
solution 

Exogenous 
and/or 
indigenous 

11 

Deoxidation 
or grain size 

control 

None e, g. vacuum 
mel ted & cast I 

, 1 i '.-.,. ···"'.·_~_' ____ '_'--___ ' ______ C 

Plastic 

Brittle 

~lainly 

plastic 

Non-plastic 

Smooth, 
elongated 

Spherical 
or broken 

up 

Ztringers 

Angular 
to spherical 

Fairly 
uniform 

Lar"ely 
unpredictable 

.. 

Frequently 
as clusters 

Greatly improved 
machinability 

None 

11 

It 

~l9.x, mechanical 
properties, 
especially duct­
ility and fatigue 

I Hot-shortness. 
I Bursting in forging. 

Reduced ductility. 
Fatigue ?roperties 

unaffected, 

Stress raisers, 
especially in fati&ue. 
Cause tool chipping. 

I Lower machinability. 
I 
I 

! Stress raiserll: surface 
i defects, lower machin-
ability, 

No major mechanical effects. 
Abrasive tooIt.ear. Reduc~d 
cutting speeds. 

ITool welding, poor 
:machinability. 

. .1 



Table 2 

Commercial Instruments for Inclusion Assessment 

·-M~uf~ct~rer andlInstrumenC--­
country of originl 

. ,--,---, .. ------~-..... ----.-----
Rank Cintel Ltd. Flying-spot Particle 

U.K. 

Image Analysing 
Computers Ltd. 
(A subsidiary of 
Letals Research 
Ltd,) u. K. 

I 
I 

Lei tz Instruments,11 
Ltd. , 

"ast Germany. I 
Carl Zeiss Ltd. 
\·;est Germany. 

Union Optical Co. 
of Japan. 

I 

Reso] 'Ter 

Flying-spot microscope 

Quantitative TV Nicro­
scope - Nodel A 

c!uantimet - Nodel B 

(,;uantimet - Model B 

~uantimet-720 

Integramat 

Micro-Videomat 

Scanning Microscope 
Ilodel ASL-l 

, 

. _------_ .. __ .. -- .. --... - .... 
Remarks ! 

---------_._-----_._-_._----_ ... .' ......... _ ••.... ,1 

Uses transmitted light, therefore necessary to first record inclusions on 
35 mm film. Semi-automatic. Image inspected line by line. 

Transmission version adapted for reflected light and used in conjunction 
with Vickers' projection microscope. Eemi-automatic. Not under commercial 
development. 

Uses TV technique. Image inspected line by line. Two monitors, one for 
displaying image to be analysed; other for dis~laying detected image being 
measured, Now obsolete, ,Semi-autt'matic, 

Improved version of ~;odel A. Semi-automatic, fields selected manually and 
results recorded by operator, Commercially available from 1964, 

Fully automatic with usual computer peripherals. Eanufactured from 1967. 

Improved version of Model B. Better resolution detection, counting circuits 
and computer peripherals. Commercially av,ilable from 1969, 

First displayed at Labex Lxhibition 1969. Uses TV technique similar to 
Quantimet Nodel B. 

Details first released in 1970. Uses TV technique similar to ~,:uantimet and 
Integramat. 

DetaH.s first released in 1966-67. Uses photomultiplier, Specimen scans, 
fixed optics. 

i 

....• -.- ~.'-~---.---.. ----.----------- ----'------- .~---;-... --.-.' .. --... 
( ut, -t~ ~~I t, ~ (.f . , . . . 



Table 2 [contd.J 
... - .-._- ~"-"'-"'~'~'" -.-.~~ ----, .... _ ... _.- .. - .. _'---'--' ... "'''~--~-~-.-~'"-.. ----' .-._-'- ~-'.---~.- .'--'.'~"-'-~---- .... -.- .... _- ... _ ... - -.-.~----.-- ... -"--_ ... ---.---~--., .. .. _- ........... -- ... . 

Remarks Manufacturer and : Instrument 
country of origin I 
Hilger and· :::~~. ~,·~--t TI~~~~~'~:to:':;~:-I1 --'~~:::d~~:d':~-~~66=~~ .-·Fi::-:;PtiCS:--~~:~~m:::~:::-:~~:; ·;~:;:~~~ti;~~er~·· 

Inc) 'lsion Counter I 

FERCO 
U.S"A" 

Tube Investments 
Research Laboratories.; 
U,K. 

Vickers Instrument 
Ltd 'j j( Company, • I.'.", 

" 

Automatic Inclusion 
counter, sizer and 
identifier 

Automatic Inclusion 
Classifier 

Coulter Counter 

, 
I Used mainly for counting volume fraction of phases in minerals. Used for 

counting inclusions but not very satisfactory. Fixed optics, specimen 
scans. 

Based on the electron micro-probe analyser. 
commercial development. 

F'llly e.utomatic. Not under 

An electron optical counter without X-ray indentification. Uses back 
scatter of electrons to form image which fs then classified into grades 
and types of inclusions. 

Used for counting particles of inclusions in steel residue, Not used 
generally for inclusion assessment. 

, 
i 
I , 
\ 

I 
1 

I 

I 
I 

~ 

! 



Table 3 

Reproducibility attained over four and half hours when measuri~ 
oxide inclusions in same field of view 

,.----.. -----1. ---.--.- H~an ~~d ~;:dard deviation. ...- ( 

PARANETER •.. ---_.- - . . --.----- I 
1 ! 11.50 to ; 13.10 to i 15.05 to ! 16.50 tc i 1_+ __ ~2:~..2:::~.1--~3. ~~~::~_+-15. 3.? __ hrs.~J-~?:~0.Y:.~6~.- ___ + 
I Percentage .0.175 + 0,004 1,.0.176 + 0.005\ 0.167 + 0.006 0,11',5 + 0.006 I 
I area I - 1-: - .' - I 
, Total count! 11! 0.33 i 12! 0.40 1111 11! 0.036 10 ! 0.50 

'10. of I 200 200 200 200 
determinat-. 

i006 I 1 
___ .~_~~,, __ ~_1 _____ .. ____ .....i" __ ,~ __ • ___ • __ •• _, .. ....:.._~ __________ ._~ __ •. _~. 



Table 4 

Reproducibility attained at the beginuing of the eight month test period when counting oxide inclusions in 
same field of view 

r--·--·-l---~~~ t: ~de t:' Manganese \ St-an-da-~-s-p-ec-i-me-n-(Bl:~-----·--

I Parameter h'ean-- ~-.S'l:anaara "1IleTh-' --Staiiaara: - -Heall SUIPh~%~n_litai'a:- ---'I.-rean--- ~1l"'EEinaara:- -- .-. - spheres)--
de nation deviation deviation _ deviation t -~-;e~;-~;ea 1. 1;;-r--0.014 - 0.77---' 0,026 - 2.97 0,036 19.25 0.089 ----'---'--" 

) Total 54 2,400 25 0,520 111 2.470 \ 48 
number , 

I , 

Size distr-
ibution 

(No.> than) 
5/'.,;. m 27 0,830 

lOp m 2 0 
l5/,um 

! 
1 0 

20/,m 1 0 

Total pro- 226 3,800 
jection 

(No,of lines) 

Size of 
Features on 1_ 1 to 4 mm 
TV Non~tor 

5 0 
4 0 

1.9 0 
0 0 

137 1,610 

1 to 4 mm 

III 2,660 
111 1.900 

10 1.000 
9 0 

405 3.500 

1 to 15 mm 

48 
48 
48 
48 

746 

I 10 mm 

o 

o 
o 
o 
o 

1,670 

, , 
f 

,------- ----,------- 'M __ ._., '_'" ._,. __ ••••• _~. ___ J 



. 

! 
I 

~ 
I 

-
Table 5 

Reproducibility attained at the end of the eiglit month test period when countinp.; oxide inclusions in the 
same field of view 

-===~=---------.--.- .. -.. . ---C.-r---.----.-

~ 
I Manganese sulphide Oxid~ Oxide Standard specinen 

(field 1) (field 2) I (Black spheres) Parameter' 
, 

-.--.- -_ ... _-----
Standa;d-l'- l1e;;;-- . t-M~an --,,-----,> ... 

Mean Jtandard Mean Standard Standard 
deviation deviation I deviation deviation 

., .. ,'--- _._--- --r-
G-.60 

'---'--~---' 

Percent 1.48 0.016 0.81 0.020 0.031 19.30 0.09 
area 

Total number 58 2.7 30 0.500 90 2.100 48 0 

Size distribu-
tion 

(No.) than) j 
5'pm 20 0.600 3 0 80 2.000 48 0 

, 
I 

10pm 1 0 1 0 71 1.600 48 0 
15 'pm 0 0 0 0 0 0 48 0 
2°flm 0 0 0 0 0 0 48 0 I 

Total pro- 206 3.00 142 1.800 396 3.800 745 1.680 
jection 

(No. of lines) 

Size of 1 to 4 mm 1 to 4 mm 1 to 17 mm 10 mm I 
features on 
TV monitor 

I , , , , t __ ~ _.~_,. _________ ,_, __ '---- ___ --'-. __ ..... ___ ~ ________ . _____ . __ ... l , 



Table 6 

Typical errors in using both detecti~_systems simultaneously 

-.,--, .. _- ._--_._._--_._-_. . ... ~~---"--"-------...... -; . . I I Parameter j 

image analysed 
Description of I Detectl,on Percent (i "Totar-

j
' l'iiiiii"be"r"large'r"', 

'--~~~ i~~-lus-i-on-s+jl-'l -(~~~~) + :~:: -·-I-:"-I-~~ 15~~_tr1 __ 

!'lo sulphide I \ 

! 2" (sulphide) 0.81 I 9 2 

Difference \1 8 6 0 0 
as percent II'! 
Oxide inclusions \ 1 (oxide) 1.00 2 1 
No sulphide I ,{ 
Difference 
as percent 

Oxj"de inclusions 
No sulphide 

Difference 
as percent 

Oxide inclusions 
No sulphide 

Difference 
as percent 

I 

1 , , 
I 
I 

2 (sulphide) 

1 (oxide) 

2'(sulphide) 

1 (oxide) 

2 (sulphide) 

t ._.~_._,_~ ____ .. __ ~_ -----"' 

1.18 

18.0 

0.22 

0,26 

18.4 

0.01 

0.02 

100,0 

2 

o 

3 

3 

o 

2 

2 

o 

1 

o 

2 

2 

o 

o 

o 

o 

t No sulphides in fields measured b"t. <l",t""tion 2 set to correspond 
to sulphide contrast. 



Table 7 

Reproducibility attained by two operators when setting the focus of the same image (inclusions) by two methods, 
microscope and TV monitor -_ .... _ .. _ ....•.. _ .. ). 

-~- ,-----'-,--- --.----.--.-.-.----.. ,,----.~--. -- --.. - --··----·---~--·------~------·--·r--

~~~~~~ Of1perator Field 1 (MnS) . J. __ .. Field 2 (A1203 ) -.'r._. ___ ~ie~ 3 (A~~~~~~~LI =~e1gyttlMnSsi~n=-.- ... 
ng Lean area' Std. devn.' Coefi'". I Bean area,' 1ltQ:aevri:~oen. ,ean area] 1j'€<t;O:evnl. CoefffHean' st[]. C. oef!. \ 

of var. of var. I ! of varlarea devn. of var. I 
•••... _--.-.. - I -. '-t-o ! -. 1'-'--"'--" 

TV 1 0.28 0.016 5.7 0.068 0.004 5.9 0.702 0.037 :5.3 1.11 0.0091 0.9 
Nonitor I 

2 0.29 0.009 3.1 0.073 0.008 10.9 0.720 0.014 12.0 1.10 0,008 0.8 

Microscope 1 0.29 I 0.007 0.007 0.076 0.003 4.0 0.730 I 0.016 !2.2 .1.10 i 0.008 0.8 

2 ! 0.31 If 2.4 2. 3 , 0,079 ! 0.003 i 3.8 i 0.700 ! 0.028 14•0 Il.lOj 0.008~ 0,8 
'~'_~'" ,~",~.~",, __ ,_~ __ •• ~ ___ . ___________ ~ ___ ~_ l ~.____ ~ __ -._~_______ _ ___ ._' _._" _____ . __ , 

Grand summary 
".-." .,,-.. -.- .. -·--~----__.,.-·----···-T' - .. ---,--.----.-..,--~------_r---------.----.. --.-.---

..•.•••.••• ~.-~~~:::-r-. r:~_t_o_r_._~~ t .. ~~::~-- _C __ o_:!_:_:_:_: __ ~_~n_t_o~_ ---------- ...... - .. --.------...... --' 

i 2 0.546 0.0093 4,20 

I Hicroscope 1 0.549 0.008,5 2.35 

2 0.550 0.011,5 2.73 , 
i... _, ____ ~. _ .. __ . ..!-____ -...--!--

I 

i ,-___ ....-J. ______ --'-_____ . _______________ .. __ J 



-Table 8 

Reproducibility attained by three operators when adjusting the threshold level on the same inclusions using three 
different methods, A, Band C 

j" -·---f-··-~'---I Hethod Statistic .-\- -----T'" I Operator2 ---~----"-~'-'--'----'-~--'-----';i::~~2~~~j~i~~~._~_:-, 

I """"_n'_ I "'"''''" Vol~, I ThrooholrvOJ.;;;;;---, "reo"'ld 'I Volume I 
_____ ._--/,--__________ ~ setti.::~_ fractio.::_ settin.L. fracti0t:'r-setting fraction __ iettinL_l_rraction __ ...... I 

Hean '6.47 1.14 6.64 1.46 6.67 1.47 6.66 I 1.36 
I 

I A Std. deviation 0.130 0.173 0.105 0.174 0.104 0.184 0.113 I 0.18 I 

I Coeff. of variation 2.01 15.17 1.59 11.90 1.56 12.50 ! 1.72 ! 13.17 
as percent of mean I 

6.69 I Nean I 6.60 1.56 6.71 1.80 6.75 1.60 I 
B Std. deviation ,0.09 0.14 0.09 0.15 0.05 0.15 I 

I Coeff. of variation I 1.37 9.30 1.41 8.34 0.72 9.40 . 
, as percent of mea:! .1 I 

1,65 
0,08 0,15 

1.17 9.01 

Mean I 6.77 1.30 6.84 1.57 6.76 0,98 I 6,79 1,28 

Std. deviation ! 0.09 0.13 0,07 0.15 0.06 0.05 I! 0.07 I 0,11 

j Coeff. of variation 1.30 10,00 1.03 ,I, 9.86 ,f. 0,89 I 5.10 '. 1.07 I, 12.32 I 
' as percent of mean . ' 

', .. ------,-----.---.- ...!---.~----.-----.,-,------' ____________ ----=---_R_ .. __ .. _______ . __ . ___ . __ . __ . _~ ... ____ ._ ~._..I 

C 

Number of determinations made by each operator for each method = 30. 



Table 9 

Reproducibility attained by three operators using Method c~ and 
standard single field method for adjusting threshold level 

Specimen LA 
: ""'Pe;c~~t-~ge ----,---------- Freque-;;~y-pe; lOO-tlelds------- -_._- , 

area range i" .--. ···-!-1ethOifc------ -~-------stanaar7r-!l.erifmetho(f: 

.----------i--- Oper.l 2l--1_ Ope::. 1 2 3 
<.. 0.03 ! 68 60 56, 62 61 62 , i 

0.03 - 0.20 

0.20 - 0.55 : ':;I'~ ~ ~ 
1.20 - 2. 70 I 1 1 1 l 1 1 1 

I'~ 2.70 1 . . . I • • • 

0.55 - 1.20 

--------- .. -----t---.-.. -.---.-----L----.. -- ...... --.- ...... ---- . -- .... -'" , ' 
: 0.071 0,066 0.083 i 0.067 0.068 0.066 ! Hean area % -_!_----._---_ .. _-- ------.~-~---_ .. _._ ....... _ .. -

Specimen lE 
.-.-.--.. ----.-.~.- ---

I ( 0,03 67 78 74 
\ 

71 63 69 

0.03 - 0.20 31 19 26 28 36 30 I 
I 

, 
0.20 - 0.55 2 3 0 1 1 1 I 

I 

0.55 - 1.20 • • • \ • • • i , 
1.20 - 2.70 I I • • • I • • • I > 2.70 • • I • • • .! • , 

,-------- -----·-1 --.... ------J , , 
Bean area % 0,038 0.030 0.027 i 0.030 0,032 0.030 I , ____ .. __ ....... __ . .1 ._-------------_ ...... _-

"'!-Iethod C as described in section 4.60 



· ~ble 10 
Numerical Ratings for SAE-ASTll ch<:rt (long axes of inclusions 

90 degrees from scan line) 

._ .. _---_. --.-----.-~ ---- -~-.---,--------.--.-.~- ... ; 
r! ! I 

, Chart I Percent area . Total projected i Total count 1 

11 grading! _ i_len~~'::'~_~ __ . . ... _-_--_J_i 

I 
..... ___ -!._S~:~-~xide i Silicate ~._Oxid:+.~~licat~.~~.--.. . 

1 I 0,10 t 0.39 i 0.06 i 0.04 i 1 (1) i 2 (2) I,. 

I 2 I 0.17 0.56 1 0,09 I 0,11 I 3 (3) I 8 (8) , 

3 I 0.38 0.46: 0,12 I 0.09 I 4 (4) i 11 (11) I 
4 I 0.90 0.54 1 0,28 I 0.10 ; 9 (9) I 14 (llf) 

5 i 1.45 2.661 0,44 ! 0,18 \12 (13) 115 (16) 

5 I 1,94 2.22\ 0,68 I 0,33 116 (15) 1 43 (42) 

7 ! 4,00 5.45: 1,02 0,82 I 4 (2) I 54 (~8) 
Q '8.30 8.86! 1.07 1.16; 7 (3) 49 (64) 

i .---_."-_._--_._- --...-.----...... ~- .-_.- ._--_." ..... 

Apparent field size 107 x 80 mm ~ 8560 mm
2 

True field size 1.07 x 0.8 rr~ = 0.86 mm
2 

Numbers in brackets are actual numbers on chart. 



Table 11 

Numerical llatings for JK-ASTL charts (long axes of inclusions 
20 degrees from scan line) 

I
'--~ -------<:---~-.-.---'-"-.--.---.-: ...... -.-'---. ..--'"--'---~.·--·-·------·--··I 
Chart ; Percent area : Total projected ; Total count I 

I grading i ...... _......_ ____ .''' __ .1. _lElnE~!.!:, !!l'l!! __ ... .i.-....... __ .. _ .. _ .. __ .. __ .. ___ .... ··-1 

!_. ______ ~ Thin •. T~.===--L Thin .L._T~c:: ____ :_ Thin i T~:~ __ .... \ 

j Type A: Manganese sulphidJ i ! i ! 
! 1 0.08 i 0.12 0.10 I 0.10 3 J 3 (3) I 

2 O,18! 0.29 0.34 I 0.34 9 I 9 (9) jl 

3 0.50 I 0.89 7.95 I 0.85 17 i 16 (16) 

4 1,04 i 1.74 1.46 ( 1.63 26\, 26 (26) I 
5 1.60 i 2.64 2,60: 2.79 47 43 (43) ! 

:Tvpe B: Alumina i ! I 

1 0.03 i 0.07 0.04 I 0,05 3 \ 3 (4) 

... 0.09 0.33 0.13 i 0.22 15 I 15 (14) 

3 0.20 I 0.95 0.271 0.60 30 ! 31 (42) 

4 . 0,43 I 1,56 0.57; 1,00 60 66 (92) 

5 : 1.10 I 3,58 1.431 2,30 157 140 (166) 

Type C: Silicate! i 
1 0.06 i 0.09 0,10. 0.11 

I 
2 

3 

0.18! 0,23 0,25 

0,29 i 0.40 0.47) 

0,25 

0.48 

3 
6 

7 

4 ! 0.48 I 0.70 0.80 ! 
0,80 i 1,41 1.441 

0.81 

1.67 

11 

12 

2 (2) 

4 (5) 

5 (6) 
8 (9) 

15 (11) \ 5 
I Type D: 

! 1 

Globular oxide : 

: 2 

I : 
! 

. 0.04 i 0,10 

I 0.13 i 0.32 

I 0.20! 0.56 
1 0,33 I 0.91 

0. 04 1 

0.17 j 
0. 27 1 

045 ! . . 

0.06 

0.23 

0.41 

0.72 

3 
16 

25 

47 

14 (1'+) 

26 (26) 

4'+ (43) 
I . 
I 0,46 ~ 1.46 O,66! 1,10 71 69 (68) 

1,-•. -_-- .• ,,-_. _ 
! .... n_. _ .• .'_. __ v. ___ ._~ __ ~ ___ ,,'_.,. _____ • __ __ ..J._~ __ .. __ .. .i .~-~--.-- .. ------.---~: 

Apparent field size = 80 square mm'= 6400 mm
2 

True field size = 0.80 x 0.625 mm = 0.5 mm
2 

Numbers in brackets are actual numbers on chart. 



I 

I 
I 
I 

Table 12 

Numerical Ratings foJ:! Dierp;arteon'chart (long axes of inclusions 
9?cdegrees to scan line) 

--"-"'-'-, --
Chart I Fercent area To 
grading I 

--Thin 

Form M 

1 0.13 
2 0,.40 

3 I 0,46 
4 0,64 

5 1.80 
6 2.87 

7 5.99 
8 8.99 

FO:.,,'ln T 

1 0.05 
2 0.13 

3 0.,4 
4 0.49 

5 1.09 
6 1.46 

7 5.59 
8 6.71 

l:ugelfomru K 

1 i 0.06 
2 I 0.10 
3 0.18 
4 0.30 

5 0.71 
6 

! Thic)(O--

0.14 
0.31 
0.55 
0.77 
2.40 
2.87 
6.66 

11.36 

0.07 
0.27 
0.34 
0,69 
0.92 
2.03 
3.36 

I 4.32 

1 

I 0 

I . , 

t-T 
1 

o. 
o. 
0, 
o. 
1, 
1. 
3. 
6. 

o. 
o. 
o. 
o. 
o. 
1. 
1. 

3. 

19 0.19 
36 0,33 
57 0.54 
17 1.34 
93 1,69 
50 2.68 
60 4,05 

08 
16 
19 
35 
55 
11 

o.oB 
0.23 

0.22 

0,42 

0,67 
1.04 

99 2.90 
30 4.15 

o. 02 

03 
Ole 

06 

0, 

o. 
0 •. 
o. 
o. 

8 (8) If (3) 

13 (12) 6 (5) 
21 (21) 16 (17) 
45 (46) 28 (30) 
47 (55 18 (19) 

8 (8) 8 (8) 
16 (16 17 (18) 
16 (16) 16 (16) 
24 (26~ 26 (31) 
24 (3d 20 (24) 
34 (37 39 (41) 

I 1 (1) 
! 2 (1) 

2 (1) 

1 (1) 

2 (1) 

6 (1) ~~ I 
t._8_O-L.I_5,_10-'-1 ____ =--.cI ___ I_--'---_t 

1.11 
j 1 

7 12•83 
i 

- denotes not determined 
continued, ••• 



Tabl~ [Contd.J 

Strichform S 

1 0.07 0.06 1 (1) 

2 0.26 0.12 1(1) 

3 0.29 0.15 1(1) 

4 0.39 0.21 1 (1) 

5 0.74 0.30 1 (1) 

6 1.49 0.32 1 (") 

7 2.97 
I 

1(1) 

8 4.35 1 (1) 

1 
DOEEelzeilenform Z 

1 0.11 0.09 3 (2) 

2 0.17 0.12 4 (4) 

3 0.41 0.21 2 (3) 

4 0,80 0.39 6 (6) 

5 1.13 0.60 4 (4) 

6 1.57 0.68 6 (6) 

7 2.96 

8 3.91 

VielEunkform P 

1 0,05 0.03 1 (2) 

2 0,27 0,10 3 (6) 

3 0.19 (,12 3 (5) 

4 0.41 0.14 5 (6) 

5 0.56 0.16 6 (6) 

6 0,82 0.18 4 (4) 

! 1.81 
I 

7 r I 8 
j 

3.17 ! 
i \ 

... _.J 

2 
Apparent field size 80 mm square = 6400 mm 

True field size = 0,80 x 0.625 mm = 0.5 mm
2 

Numbers in brackets are actual numbers on chart. 



Table 13 

Distribution of percentage area de terminations made on a hundred 
randomly selected fields of view 



Table 14 

Comparison between JK ratings obtained by quantimet and two operators' 
for same fields of view 

'-~---'------~~"---------"-'-------'--" 1 sampl~ Method JK Rating: Frequency per 100 fields 

Grauel I ! 
0 I 1 2 :; 4 i 5 

1 !Quantimet 

1 
82 \ 15 3 I 

I 
• • I • 

I Hanual Optr.l 78 17 3 i 2 • .' • 
Hanual Optr.2 I 91 6 -

-' ! • • • 
2 huantimet 81 11 5 :; • 

I • 
lManual Optr.l 70 23 5 2 • • 

Manual Optr.2 92 6 2 
, 

• • • 

3 ,Quamimet 97 3 • • • • 
)Manual Optr.l 98 2 • • • • 
I 

100 jl1anUal Optr. 2 • • • • • 
I 4 ruantimet 20 70 6 2 1 1 

I 
Manual Optr.l 40 54 3 1 I 1 1 

I I , 

':' F..xperienced operators 



Table 15 

percentage area counts determined on adjacent samples ste)2-forged 
to different size sections 

.______ H, . _____ _ 

Section size i Frequency of fields, % A p(jra~nt area 

---'----·%area·---·II;;-~3: 0.03~ fO.20:T0:55-'l.20-f. 2 ';;"1';- Std.devn. 
range . • I' 0.20 I 0.55 J 1.20 2.70 (. I lean 

Steel 1 I \ J 

\ 15 cm x 15 cm I 86 III 2 • I!. I 0.05 

1 10 cm x 10 cm i 87 11 2 I. . . 0.03 

! 7.5 cm x 7.5 C171 29 , , , , 0,03 

5 cm x 5 cm B6 14 • • • , 0,02 

~,5 cm dia. 91 9 • , , • 0,01 

15 cm x 15 cm 

10 cm x 10 cm 

64 35 1 

1 

1 

• 

, 

• 
, 

, , 

• , 

• • 

• • 

0.02 

0.02 

0.02 

0.23 

0.03 

0,03 

0.03 

0.02 

0.03 

• I . j 
• . : 0.01 { 0.0 __ ,_,Li __ -'--__ --' ___ ,.--"'...l 



Table 16 

Total length counts determined on ad~acent samples step-fOrged to 
different size sections 

,-- '-r- "'----; 
Section Total length, pm. I 

! 
Size Me9.!' 

~ 
Std. devn. 

Steel 1 
15cmx15 cm 19 63 

:0 cm x 20 cm 12 I 16 

7.5 cm x 7.5 cm 16 20 

5 cm x 5 cm l6 20 

2.5 cm dia. 6 9 

Steel 2 I 15 cm x 15 cm 36 36 

~o cm x lO 1.2 
I 1.2 cm 
, , , 

7.5 cm x 7.5 cm 20 I 28 

5cmx5 cm 23 
I 32 I I 

2.5 cm dia. 8 I l6 

I ! 

i I 
1.- I ,,--, 



Table 17 

Size distribution counts determined on adjacent samples step-forged 
to different size sections 

-.--- -_ .. , 
Section Total number Mean number/field (0.5 sq. mm) 
Size (Hean/field) greater than: 

10/,m i 151'm 201' m 25,", m 
. -- ~-... 

:oteel 1 

I .(i' _ 
15 cm x 15 cm 1.51 0.30 0.12 '4 {':-Q.oS 0.05 

10 cm x 10 en. 1.01 0.17 0.06 I 0.04 0.02 

7.5 cm x 7.5 cm 1.37 0.35 

I 
0.10 i 0.04 • I 

5 cm x 5 cm 1.51 0.23 0.01 I • • 
",5 cm dia. O.Sl 0.19 • I • • 

S·~el 2 --
I;; cm x 15 cm 3.63 0.13 0.03 0.02 0.01 

10 cm x 10 cm 2.66 0.04 0.01 I 0.01 0,01 

7.5 cm x 7.5 cm 2.17 0.05 0.03 I 0.01 • 

5 cm x 5 cm I 2.S0 0.05 I 0.03 I • • 
2 cm dia I 1 2 ! 0.06 

, 
0.01 , I • : • L_.'_5 _____ "'--__ ' _7 __ -t ___ ~ __ __' __ __'_ ___ .c •• J 



Table 18 

Size distribution results for manganese sulphide inclusions in same 
sample but different planar sections 

---- ----.------------ -_._----, ! Planar Section" 11 Size distribution: Number greate:::- than 

i stated size per 100 fields (16 mm2 ) 

I I"------~--------~----~------~~,-Total I >lO,4jm I 20,ftm 501"m I lOOpm 

r-F-(,-:!,-g:L-' n-g-s-t-"e-l------+'-----II!----..-t,.-----+----+--- "\ 

\ A \604 70 181 • 
I " B 797 ! 

C ! 1900 I 
'ligh sulEhur tree-cutting steel 

\ A 2398 

I B 2008 

C 3700 ! I I , 

"See Figs. 34 and 35. 

112 

85 

513 

511 

459 

32 

9 

211 

216 

112 
I 

1 • 

• • 

24 • 
22 

I • 

• • 
-'----, 



Table 19 

Size distribution results for oxide (alumina) inclusions in same 
sample but different planar sections 

,------- --_ .. _, .-----....,. 
)i 

Planar section 
I 
I Size distribution: Number great~r than 
• 

-+=
1 stated size per 100 fields (16 mm2) 

~tal i!>lOLrm \ 20/,m f 50pn lOO~_", 
!.,,:sgin! st;'-;;l --- - 115 ~ I - I 

I 
! 

B 

C 

High sulphur 

A 

B 

c 

140 4 

190 o 

free-cutting steel 

-________ ..l-

X See Figs. 34 and 35. 

• 

• • • 

• • 



Table 20 

Grand summary of results obtained on "dirty", "clean" and "very clean" 
specimens, numbers 1, 2 and 3 respectively 

I Specimen 
Percentage ."rea 

Frequency per 1000 fields 
I Number "< 0.03)& 

f-::::;:--r-----"' . 1---- Is 
L 0,03-1 0,20-; 0.55-1 1.20~>2 70',01 Bean 

0,20',010,59,0 1.20',0 2.7f5! ' , d 

I "d~rtY" 742, 228 ! ;7 .;[ 
i 0,032 l., 

I 
, 

I 
890 102 

t 
8 2 , , • 0,009 

"clean" I 

0,0091 3 900 80 1 20 1 
I I • , , 

"~:'ery clean 11 I I 
, 

, 

td. 

0, 0201 

0.02~f 
(0.25 mm2 ) > 

_ ... _-
ISp'~imen Count: Bean number per field than: 

-'- ---_. lFuUer 1.1).,1{m 3.0/lm lO,O~ 20.Cfim 
(Total 
count) 

1 1.8967 0.1500 0.0125 • 
"dirty" 

2 1,2500 I 0,0350 , , 
'clean" 

1 

J 
I 

3 0.9600 0,0400 , , , • 
~'very clean" , 1 : .... , 



Table 21 ----
Summary showing distribution of fields with various numbers of oxide 
inclusions for "dirty", "clean" and "very clean" sllecimens, numbers 

1, 2 and 3 respectively 

N-.lIDber of inclusions I Specimen number ---I 
per field 1 "dirty" 2 "clean" 3 "very clean" 

1 
0 

) 
320 370 L30 

-----1 
, , 

1 i 250 290 200 1 
2 I 170 170 60 

3 I 90 100 30 

4 \ 50 40 30 

5 I 20 20 20 

6 I 20 10 10 

7 20 

I 
.. 

8 10 • 10 

9 10 • • 
10 and more 40 • 10 

--,- --.~-.-~.-... 
Statistics 

Mean 1.89 1.25 0.96 
Std. devn. 2.45 1.43 1.50 
,- --..I. 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Details of steels used in investigation on billet sampli~ 

Billet Composition, wt. percent 
C Mn Si S P Ri Cr :\0 Cu Sn 

P587 0,42 1.35 0,27 0.034 ::>.0420.39 0.29 0.10 0.16 0.025 
T369 0.13 0.50 0,27 0.032 0.0<61.50 1.50 0,05 0.12 0,015 

~ufacturi~ 
P587 1369 I details of cast I 

Quality JDM 1041 F. Equi~. 15 NiCrHo6 ) 
British spec.En 15 I Deoxidation SiMn/Al SiI'm/Al , 

1 
~:ngle or double slag Single Single 

, 

Vacuum degassed Yes No 
Gr~.iil size controlled No No 
Tapping temp. of cast l'100oC l6;:'5OC 

of cast ° l585°C Teeming temp. 17000C before degas. 
1570 C after 

Number of groups in 2 2 
oast 

Total number of ingot 13 13 
Ingot ~leip;ht. cwt. 34.5 37 i 
Length of billet 15' approx. 15' approx. 
examined (4,7 metres approx.) (4.7 metres approx.) 



Table 23 

Mean oxide nercenta~e area counts on adjacent sanples from'clean'bill 

Position "reouencv oer 100 fields. Araa% - .' .... 
it; billet" 0 ~3% 0.03- 0.20. 0.55- 1.20- ':lo Mean Std. 
~nches. 0.201 0.5'591 1.20% 2.70% 2.70%. Dev. 

0 59 36 2 1 • • 0.05 0.09. 
1 84 16 • • • • 0.02 0.02. 
2 88 12 • • • • 0,01 0.02. 
3 93 7 • • • • 0.02 I 0.02. 
4 74 25 • 1 • • 0.04 0.12. 
5 80 17 • 1 • 2 009 0.45. 
6 89 11 , • • • 0.02 0.03. 
7 72 26 2 • • • 0.03 0.05. 
8 84 14 • • • • 0.02 0.02. 
9 80 20 • • • • 0.02 0.03. 

10 82 18 • • • • 0.02 0.02. 
11 71 26 3 • • • 0.04 0.06. 
12 89 8 3 • • • 0.02 0.04. 
13 83 15 1 1 • • 0.03 0.08. 
14 92 8 • • • • 0.01 0.02. 
1..5:- 79 20 1 • • • 0.03 0.04. 
16 90 9 1 • • • 0.02 0.04. 
17 82 18 • • • • 0.02 0.03. 
18 79 20 1 • • • 0.02 0.03. 
19 42 51 5 2 • • 0.07 0.01. 
20 81 18 • 1 • • 0.03 0.07. 
21 69 26 4 1 • • 0.05 0.13. 
22 73 25 1 1 • • 0.04 0.07. 
23 92 8 • • • • 0.01 0.02. 
24 88 11 1 • • • 0.02 0.05. 
25 90 8 1 • • • 0.02 0.04. 
26 82 17 1 • • • 0.03 0.05. 
27 79 17 2 1 1 • 0.05 0.16. 
28 83 17 • • • • 0.02 0.02. 
29 92 8 • • • • 0.02 0.02. 
30 53 43 3 1 • • 0.05 0.07. 
31 75 24 1 • • • 0.03 0.04. 
32 76 24 • • • • 0.03 0.03. 
33 90 10 • • • • 0.02 0.02. 
34 58 42 • • • • 0.03 0.03. 
35 81 16 3 • • • 0.03 0.06. 
36 76 21 3 • • • 0.03 0.03. 
37 85 14 1 • • • 0.03 0.05. 
38 55 44 1 • • • 0.05 0.05. 
39 71 29 • • • • 0.03 0.03. 
40 78 22 • • • • 0,03 0.03. 
41 35 65 • • • • 0.06 0.04. 
42 54 46 • • • • 0.04 0,04. 
43 71 29 • • • • 0.03 0.03. 
44 62 38 • • • • 0.04 0.06. 
45 66 32 • 1 • • 0.05 0.12. 
46 63 36 1 • • • 0.03 0.04. 
47 52 41', • • • • 0.05 , 0.04. I 
48 69 30 1 0.04 I 0.06. • • • 1 

49 64 35 1 I 0.03 I 0.03. I • • • ! 50 87 13 • • • • 0.02 I 0.02. 
I ,---,,~, .... ' 
continued ••••• 



Table 23 continued 

Position Fre uency er 100 fields. A .... ,~ .<119....-
in billet. 

0~376 0.03- 0.20- 0.55- 1.20- >' Mean Std. 
0.203S O.n% 1 .2(J}6 2.70',0 2.70% Dev. 

. 

I 51 67 33 • • • • 0.03 0.02. 
52 29 56 5 5 3 2 0.00 0.05· 
53 38 61 2 • • • 0.02 0.03. 
54 64 33 1 • 1 1 0.06 0.06. 
55 70 28 1 • • • ('.O~ 0.04. 
56 23 77 • • • • 0.03 0.04, 
57 65 34 1 • • • 003 0.03. 
58 47 51 1 1 • • 0.05 0.05. 
59 89 10 • 1 • • 0.04 0.03. 
60 63 37 • • • • 0.02 0.02. 
61 46 5° 3 • • 1 0.08 0.28. 
62 50 47 2 1 • • 0.06 0.08. 
63 68 30 • 2 • • 0.05 0.03. 
61+ 71 29 • • • • 0.02 0.03. 
65 60 39 1 • • • 0.03 0.05. 
66 39 58 1 1 • • 0.06 0.09. 

~~ 67 31 1 • 1 • 0.05 0.18. 
17 22 1 , • • 0.03 0,04. 

69 47 51 2 • • • 0.05 0.04. 
70 48 51 1 • • • 0.05 0.04. 
71 48 52 • • • • 0.04 0.03. 
72 48 51 • • • • 0.05 0.04. 
73 35 62 3 • • • 0.06 0.05. 
74 68 31 1 • • • 0.04 0.04. 
75 64 35 • • 1 • 0.05 0.14. 
76 57 42 • 1 • • 0.04 0.08. 
77 92 7 1 • • • 0.01 0.05. 
78 'i1 28 1 • • • 0.03 0.06. 
79 88 11 1 • • • 0.02 0.04. 
80 42 51 6 1 · • 0.07 0.08.\ 81 78 21 1 • • • 0.03 0.04. 
82 73 27 • • • 0 0.03 0.03. 
83 63 36 1 • • • 0.03 0.03. 
84 63 34 2 1 • • 0.05 0.08. 
85 74 26 • • • • 0.03 0.03. 
86 65 31 3 1 • • 0.05 0.09. 
87 82 18 • • • • 0.02 0.03. 
88 77 23 • • • • 0.02 0.03. 
89 83 16 1 • • • 0.03 0.04. 
90 85 14 1 • • • 0.02 0.04. 
91 91 7 1 • 1 • 0.02 0.17. 
92 83 17 • • • • 0.02 0.02. 
93 91 9 • • • • 0.02 0.02. 
94 85 14 1 • • • 0.02 0.03. 
95 91 9 • • • • 0.01 0.02. 
96 86 14 • • • • 0.02 0.02. 
97 69 31·· • • • • 0.03 0.03. 
98 78 21 1 . 

0.03 0.08. • • • 
99 83 15 1 • • • 0.03 0.13. 

100 
1

82 16 • 2 • • 0.03 0.09. ---
continued ..... 



TABLS 23 oontinued 
-. 

Position Fre uency er 100 flG!ldo. J.:rGa fa in billet. ...-:-., 

'" ,.. Mean Std. DEl\ 0.03% 0.03- 0.20- 0.55- 1.20-
0.2C1% 0.55"4 1.20)<'> 2,7C1% 2.7C1%. 

101 63 34 3 • • • 0.05 0.06. 
102 76 23 1 • • , 0.03 0.06. 
103 88 p • • • • 0.02 0.02. 
104 66 34 • • • • 0.03 0.03· 
105 68 31 • • • • 0.03 0.03. 
106 36 60 4 • • • 0.06 0.05. 
107 42 54 4 • • • 0.06 0.07. 
108 73 25 2 • • • 0.04 0.05. 
109 90 10 • · • • 0.02 0.02. 
110 11 78 11 • • • 0.10 0.07. 
111 58 41 1 · • • 0.04 0.04. 
112 52 46 2 • • • 0.05 0.06. 
113 78 21 1 · • • 0.03 0.05. 
114 69 31 • • • • 0.04 0.03· 
1'~ 58 42 • • • • 0.04 0.03· 
116 76 24 • · · • 0.02 0.03. 
117 86 14 • • • • 0.02 0.02. 
118 63 37 • · • • 0.03 0.03. 
119 82 18 • • • • 0.02 0.03· 
120 80 18 1 1 • • 0.03 0.07. 
121 75 24 1 • • • 0.03 0.06. 
122 81 18 1 • • • 0.03 0.05· 
123 72 28 • • • • 0.03 0.03· 
124 86 14 0.02 0.02. I • • • • 125 86 14 • • • • 0.02 0.02. 
126 87 13 • • • • 0.02 0.02. 
127 86 14 • • • • 0.°2 0.02. 
128 JO 9 • 1 • • 0.02 0.06. 
129 60 40 • • • · 0.03 0.03· 
130 75 25 • • • • 0.03 0.03· 
131 82 18 • • • • 0.02 0 .. 02.. 
132 86 13 1 • • • 0.02 0.04. 
133 85 14 1 • • • 0.02 0.03· 
134 91 9 • • • • 0.01 0.02. 
135 92 7 • 1 • • 0.02 0.06. 
136 94 6 • • • • 0.01 0.02. 
137 91 8 1 • • • 0.01 0.03· 
138 92 8 • • • • 0.02 0.03· 
139 85 14 1 • • • 0.03 0.05. 
140 87 13 • • • • 0.02 0.02. 
141 85 15 • • • • 0.02 0.03· 
142 77 23 • • • • 0.02 0.02. 
143 84 16 • • • • 0.02 0.03. 
144 75 24 1 • • • 0.03 0.04. 
145 68 31 • 1 • • 0.04 0.06. 
146 78 20 2 • • • 0.03 0.06. 
147 62 38 • • • • 0.04 0.04. 
148 76 24 • • • • 0.03 0.03· 
149 76 24 I \ 0.03 0.02. • • • I • 
150 

1
70 129 1 • • I • 0.04 0.05. . - ............... 

• 

continued ••••••• 



Table 23 continuea 

Position Ar.ea % 
in billet. Frequency per 100 fields. 

'" 
. ... - -. .... , .. , .. ---

0.03% 0.03- 0.20- 0.55- 1.20- '::"" Mean Sta. Dev. 
0.2Q\' o. 559~ 1.2C'}6 2.7(J)1, 2.70% 

151 84 16 • • • • 0.02 0.02. 
152 55 44 1 • • • 0.04 0.04. 
153 86 13 1 • • • 0.C2 0.04. 

I 154 63 35 2. • • • 0.04 0.05. 
155 75 25 • • • • 0.03 0.03. 
156 79 19 2 • • • 0.03 0.06. 
157 84 16 • • · • 0.02 002. 
158 82 18 • • • · 0.02 0.02. 
159 88 12 • • • • 0.02 0.02. 
160 83 17 • • • • 0.02 0.03. 
161 72 28 • • • • 0.03 0.03. 
162 63 37 • • • • 0.04 0.03· 
163 73 25 1 • 1 • 0.05 0.19. 
161+ 83 17 • • • • 0.02 0.03. 
165 84 16 • • • · 0.02 0.02. 
166 62 35 ! 3 , • • 0.04 0.05. 
167 65 34 ! 1 • • • 0.03 0.03. 
168 79 20 I • 1 • • 0.04 0.1 ~ . 

I 169 51 49 i • • · • 0.05 0.04. 
I 170 77 22 1 • • • 0.03 0.03. I 

171 68 31 1 • · • 0.04 0.05. 
172 46 52 2 • • • 0.05 0.05. 
173 62 36 1 1 • • 0.04 0.08. 
174 65 34 • 1 • • 0.04 0.06. 
175 77 22 1 · • • 0.03 0.03. , 176 )8 56 1 1 :;> 2 0.16 0.49. 

t 

177 50 47 1 2 • 

1 
• 

I 
t'l.r'7 

! 
o.C.1+. 

178 64 34 2 • ! · • 0.04 0.04. 
179 \ 48 51 \ 1 • • • 0.05 0.05. 

I , 1 I , -



~'able 24-
Mean oxide percentaGe area counts on adjacent samples 

from 'dirty' billets. (T 369) 

Position frequenc, per 100 fields. 
in billet <'0.03% 0.03- 0.20- 0.55- 1.20·" ~ 

_. __ Mo 

Mbd.n 
inches. 

O.20}b/l 0.55%. 1.20%. 2. 7a'1o, 2.70%. 

0 86 12 1 • 1 • 1
0

•
03 

1 85 13 1 1 • , 0.03 
2 80 17 1 2 • • ,0.04 
3 8:; 14 1 • • • 0.03 
4 81 17 2 • • • 0.03 
5 65 31 3 • • 0.06 
6. 75 22 3 • • • 0.0) 
7 64 27 7 2 • • 0.07 
8 87 11 2 • • • 0.02 
9 83 17 • • • • 0.02 

10 4'7 49 3 1 • , 0.06 
11 57 43 • • • • 0.04 
12 74 24 2 • • • 0.03 
13 64 36 • • • • 0.04 
14 69 24 5 2 • • 0.05 
15 73 24 3 • • • 0.c4 
16 54 46 • • • • 0.04 
17 34 59 7 • • • 0.08 
18 71 25 4 • • • 0.04 
19 80 19 1 • I • • 0.03 , 

Arec; ~_._ 
Std. Devo 

0.13· 
0.03. 
0.09. 
0.09. 
0.05· 
0.14. 
0.05· 
0.12. 
0.04. 
0.02. 
0.09. 
0.04. 
0.04. 
0.03· 
0.10. 
0.05· 
0.03· 
0.07. 
0.07. 
0.04. 

"-



Table 24 continued 

Position FreQuencJ~er 100 fields. Area 'fa 
in bille! !c-0.03% 

, 

inches. 0.03- 0.20-· 0.55- 1.20- ~ lIean sta.. Dev. 
0.2aj{, 0.55% 1.20'/;. 2.70'/; • 2.70'/0. 

20. 50 49 1 • , • 0.03· 0.06. 
21 73 25 2 • 0.03_ 0.06. • • • 
22 79 20 1 • • • 0.03 0.04. 
23 81 17 2 • • • 0.J3 0.05. 
24 64 35 1 • • • 0.04 O.Oj. 
25 89 11 • • • • 0.02 0.02. 
26 82 17 1 • • • 0.03 0.03· 
27 83 17 • • • • 0.02 0.02. 
28 62 38 • • • • 0.04 0.03. 
29 65 29 6 • · • 0.05 0.07. 
30 57 43 • • • • 0.04 0.03. 
31 80 19 1 • • • 0.03 0.04. 
32 61 36 3 • • • 0.04 0.05. 
33 88 12 • · • • 0.02 0.02. 
34 26 69 5 • • • 0.04 O~O.5. 

35 9 81 10 • • • 0.10 0.07. 
36 36 64 • • • • ('.06 0.04. 
37 55 45 • • • • 0.04 0.03. 
38 31 63 5 1 • • 0.08 0.08. 
39 54 41 5 • • • 0.05 0,06. 

I 
\ \ 

oontinuea •••••• , 



Table 24. continued 

Position 
Fre~~ -E£r 100 fields. .\rea % 

in billet -
inches. f4).03%. 0,03- 0.20- 0.55- 1.20- Mean sta. Dev. 

Oc2Q9b", 0.55% 1 .2(},,6. 2.70%. :1102.70%. 
. 

40 10 83 7 • • • 0.09 (MJ6. 
41 53 44 3 • • • O,D5 0,06. 
42 37 62 1 , 0.06 0.04. • • • I 43 27 69 4 • • • 0.07 o.u6. 
44 77 19 2 2 • • 0.03 0.06. 
45 36 62 ? • • • 0.07 0.07. 
46 12 82 6 • • • 0.08 0.05. 
47 26 65 7 2 • • 0.10 0.12. 
48 60 38 2 • • • 0.04 0.04. 
49 66 28 2 4 • · 0.05 0.12. 
50 60 38 2 • • • 0.04 0.05. 
51 23 75 2 • • • 0.07 0.05· 
52 73 22 4 1 • • 0.04 0.08. 
53 75 18 6 1 • • 0.06 0.12. 
54 17 77 6 • • • 0.11 0.09. 
55 55 40 4 1 • • 0.06 0.11. 
56 39 55 5 1 • • 0.06 0,09. 
57 59 39 2 • • • 0.04 0.06. 
58 12 78 10 • • • 0.10 0.08. 
59 46 51 3 • • • 0.05 0.05. 
60 50 48 2 • • • 0.06 0.06. 
61 47 47 6 • I • • 0.06 0.06. 
62 15 71 14 • • • 0.11 0.08. 
63 7 69 24 • • • 0.16 0.10. 
64 l? 74 la 1 • • 0.11 0.11. 
65 32 58 9 1 • • 0.07 0.10. 
66 41 59 • • i • • 1 

0.09 0.08. 
, , ! I ------' 

continuea ...... . 



Table 24 contin':!3 

Position 
. Frequenc per 100 fields. .Area. % 

in billet ---

inches. ~0.03%. 0.03- 0.20- 0.55- 1.20- M""n Std. Dev. 
... . 0.20!h. 0.55%. 1.20/; 2.7CY;o. ,,;/,,2.70% -

67 25 73 2 • • • 0.06 0.03· 
68 21 71 8 • • • I 0.06 0.05. 
69 t>5 23 1.2 • • • 0.09 0.10. 
70 44 51 5 • • • 0.06 0.06. 
71 30 61 () , • • • 0.08 0.08. 
72 9 72 18 1 • • 0.15 0.12. 
73 61 36 3 • • • 0.04 o.oLt. 
7Lt 33 64 2 1 · • 0.07 0.08. 
75 57 42 1 • • • 0.04 0.05· 
76 28 54 10 7 1 • 0.14 0.20. 
"7 52 44 4 • • • 0.05 0.05· 
"(8 26 60 14 • • • 0.09 0.08. 
79 55 36 9 • • • 0.05 0.07. 8(1 33 55 • • • • 0.07 0.07. 
8-; 49 47 4 • • • 0.06 0.06. 
82 48 47 5 • • • 0.06 0.06. 
83 57 41 2 • • • 0.04 0.03. 
84 52 42 • • • • 0.04 0.03. 
85 65 35 • • • • 0.03 -C.03. 
86 28 66 5 1 • • 0.08 0.09· 
87 50 44 6 • • • 0.06 0.12. 
88 66 30 3 1 • • 0.05 0.08. 
89 22 70 8 • • • 0.09 0.09. 
90 51 48 1 • • • 0.05 0.04. 
91 47 51 1 1 · • 0.05 0.07. 
92 39 57 3 • 1 • 0.07 0.14. 
93 5 80 14 1 · • 0.14 0.11. 
94 0 61 32 7 • • 0.23 0.17· 
95 21 75 Lt • • • 0.08 0.07. 
96 0 87 13 • • • 0.13 0.08. 
97 14 71 15 • • • 0.12 0.11. 
98 18 76 6 • • • 0.08 0.07. 
99 3 83 13 I 1 • • 0.14 0.08. 

100 35 63 2 • • • 0.06 0.05. 
I 



Table ~ continued 

Position Freauency per 100 fields. A"'M .11l..--in bi11e \ 
inches. 1<0.03%. 0.03- 0.20- 0.55- 1.20- Mean Std. Dev. 

0.20}6 0.55%. 1.20% 2.70%. "'2. 70}{' 

101 51 42 7 • • • 0.04 0.03. 
102 68 27 5 • • • 0.04 0.05. 
103 • 86 14 • • • 

I 
0.13 0.06. 

104 27 70 3 • • • 0.07 0.06. 
105 79 19 2 • • • 0.03 0.06. 
106 77 22 1 • • • 0.03 0.03. 
107 48 49 3 • • • O.ot: 0.05. 
108 65 31 2 1 1 • 0.06 0.16. 
109 49 50 1 • • • 0.05 0.05. 
110 66 34 • • • • 0.03 0.03. 
111 47 50 3 • • • 0.06 0.05. 
112 61 34 4 1 • • 0.06 0.09. 
l' 71 27 2 • • • 0.03 0.03. 
114 48 41 6 3 1 1 0.15 0.50. 
115 75 25 • • · • 0.03 0.03. 
116 55 42 3 • • • 0.04 0.04. 
117 60 37 3 • • • 0.04 0.05. 
118 41 57 2 • • • 0.06 0.07. 
119 44 55 1 • • • 0.05 0.04. 
120 38 58 4 • • • 0.06 0.05. 
121 58 42 • • • • 0.04 0.03. 
122 68 31 1 • • • 0.04 0.06. 
123 34 65 1 • • • 0.06 0.04. 
124 63 35 2 • • • 0.04 0.05. 
125 36 62 2 • • • 0.06 0.05. 
126 11 21 1 • 1 • 0.06 0.21. 
127 75 25 • • • • 0.03 0.04. 
128 86 12 2 • • • 0.02 0.03. 
129 48 48 4 • • • 0.06 0.06. 
130 7 63 30 • • • 0.15 0.11. 
131 63 34 3 • • • 0.05 0.06. 
132 53 44 3 • • • 0.05 0.06. 
133 27 59 12 2 • • 0.11 0.14. 
134 38 50 11 1 • • 0.12 0.07. 

, . i 

continuea •••••••••• 



Table ~ oontinued 

. I 
Position Frequenc per 100 fields. Area .. % 
in billet ~--- " .. __ .'-' 
inches. <:0 

.0.03%. 0.03- 0.20- 0.55- 1.20- lIean Std. Dev. 
0.20%. 0.55%. 1.20'4. 2. 7C1lj, >2 ~;y( • ; _1°"'· 

135 5 86 9 • • • I 0.09 0.12. 
136 74 20 5 1 • • 0.06 0.13. 
137 62 35 1 2 • • 0.05 0.09. 
138 l Lt 81 4 1 · • 0.09 0.11. 
139 61 36 3 • • • 0.04 0.05. 
140 60 38 2 • • • 0.04 0.05. 
141 33 57 10 • • • 0.08 0,09. 
142 56 41 3 • • • 0.05 0.06. 
14. 71 26 3 • • • 0.03 0.05· 
144 59 35 6 • • • 0.06 0.07. 
145 73 21 6 • · • 0.04 0.05. 
146 78 20 2 • • • 0.03 0.04. 
147 69 31 • • • • 0.03 0.04. 
148 51 45 4 • • • 0.05 0.05. 
149 66 32 2 • • • 0.04 O.OLf. 

150 52 44 4 • • • 0.04 0.04. 
151 30 65 5 • • • 0.08 0.07. 
152 34 48 18 • • • 0.11 0.11. 
153 48 59 3 • • • 0.05 0.05. 
154 30 64 6 • • • 0.08 0.07. 
155 71 29 • • • • 0.03 0.03. 
156 67 29 4 • • • 0.04 0.05. 
157 71 16 10 3 • • 0.07 0.15. 
158 32 63 5 • • • 0.07 0.06. 
159 57 43 • • • • 0.04 0.03. 
160 11 87 2 • • • 0.08 0.05. 
161 50 48 2 • • • 0.05 0.06. 
162 58 41 1 • • • 0.04 0.04. 
163 73 20 5 2 • • 0.06 0.13. 
164 25 73 2 • • • 0.07 0.04. 
165 51 40 7 2 • • 0.07 0.11. 
166 55 39 6 • • • 0.06 0.08. 
167 42 54 4 • • • 0.06 0.05. 
168 41 ~~ 2 • • • 0.06 0.06. 
169 49 • 2 2 1 0.15 0.52. 
170 39 60 1 • • • 0.06 0.05. 
171 43 57 • • • • 0.05 0.04. 
172 60 40 • • • • 0.04- 0.03. 
173 71 27 2 • • • 0.03 0.04. 
174 68 32 • • • • 0.03 0.03. 
175 38 55 6 1 • • 0.07 0.13. 
176 59 40 1 • • • 0.04 0.04. 
177 44 55 1 • • • 0.05 0.05. 
178 21 78 1 • , • • 0.08 0.05. 
179 56 L 44 • • • • • 0.04 0.04. 

! I 



I 

TABLE 25 

Oxide percentage area and projection counts on specimen 

No. P.587 - 53. after thirty repo1ishes • 

• 
RepolisJ. Projection. Percenta5e area. ",-+ (Total length 

-
Original. 

1 
2 
3 
4 
':i 
v 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Frequencv per 100 Fields' mm. 
.c;,O. 1.20%12?7~ I .03% 0.03- 0.20- 0.55- Meanlt ,I ~.:tc:. Hean 

(XlO- Dev It 0.20% 0.55") 1.20% 2 ./Cf/o Cc.lO- ) . 

29 
48 
42 
61 
84 
81 
81 
86 
82 
82 
81 
82 
76 
94 
93 
89 
92 
93 
;:>4 
82 
95 
91 
92 
96 
87 
86 
95 
74 
85 
64 
91 

I 

56 5 5 3 :2 564 458 64 
36 4 9 3 1 1712 3422 136 
50 2 2 4 • 1387 3569 120 
35 2 2 • • 614 1439 64 
15 1 • • • 223 313 24 
16 3 , • • 314 587 36 
19 · • • • 223 254 20 

9 4 · 1 • 459 1851 40 
10 2 2 3 1 1377 5478 .56 
11 1 2 2 2 1393 58">2 56 
14 • 3 • 2 1289 6489 52 
12 4 • • 2 1567 9287 44 
19 2 • • 3 1431 6851 52 
5 • • 1 • 271 1828 12 
4 1 1 • • 148 715 12 
7 2 1 1 • 466 2472 20 
3 • 1 1 3 ... 559 7602 48 
6 1 • · · 126 318 8 
6 • • • • 92 187 8 
17 1 • • • 207 390 12 
5 • • • • 56 113 4 
9 • • • • 114 239 8 
7 1 • • • 148 395 8 
4 • • • • 57 108 4 
12 1 , • · 199 513 12 
12 • 2 • • 330 1418 12 
5 • • • • 94 187 4 

26 • • • · 231 280 16 
15 • • • • 154 283 8 
36 • • • • 305 291 20 
8 • 1 ~. • 120 342 8 

I I 
I , 

• .furea of each field ~ 0.5 sq.mm. 

+ S')',o·:,:'.men reground and polished, approximately 0.5mm.of 
eurface removed each time. 

Std. 
Dev: 

40 
228 
272 
112 
36 
56 
28 

280 
184 
228 
212 
200 
204 
76 
44 
96 

204 
12 
12 
16 

8 
16 
24 

8 
28 
44 
12 
20 
16 
16 
24 

i 



TABLE. 26 

Oxide percentage area and projection counts on specimen 

No.P587-1. after thirty repolishes. 

Re,!'olish Percenta(i8 Area. 

Frequency per 100 fields' .... -. -" . <, 
?'/Cfj6 03% 0.03- 0.20- 0.55- 1.2(Y]6 Hear_1+ Std. 

0.20';' 0.55% 1.2Cfj6 2.70]6 (XlO- LW:'_4) 
_l~_ 

Original 59 36 2 1 • • 48"· 881 
1 61 37 2 • • • 402 427 
2 69 26 3 2 • • 525 1088 
3 83 16 1 • • · 270 542 
4 85 14 1 • • • 239 452 
5 72 26 1 1 • • 340 769 
6 90 10 • • • • 129 166 
7 88 11 1 • • • 203 492 
'3 95 5 · • • • 56 136 
J 88 12 • • • • 119 227 

10 73 27 • • · • 249 281 
11 73 24 1 3 2 • 913 3295 
12 73 20 1 1 • • 327 1125 
13 86 12 • 1 • 1 503 3134 
14 95 5 • • • • 94 148 
15 89 11 • • • • 107 249 
16 94 6 • • • • 77 175 
17 88 11 1 • • • 156 479 
18 89 10 1 • • • 141 338 
19 82 17 1 • • • 202 349 
20 75 21 1 1 1 1 822 3519 
21 84 16 · • • · 176 292 
22 69 28 3 • • • 327 544 
23 79 20 1 • • • 213 400 
24 92 8 • • • • 88 192 
25 86 13 • 1 • • 222 901 
26 79 19 2 • • • 254 435 
27 78 2l 1 • • • 256 519 
28 86 13 • 1 • • 254 1056 
29 87 13 • • • • 145 208 
30 89 11 • • • · ,105 256 

---L I 

• Area of each field = 0.5sq.mm. 

Projection. 
(total length) 

mm • 

llean. std. 
Dev: . 

44 52 
48 44 
60 84 
32 40 
28 44 
48 84 
12 20 
24 36 

4 12 
8 16 

20 20 
44 120 
20 52 
24 100 

8 12 
4 12 
4 8 
8 24 
8 16 

16 28 
44 156 
12 20 
20 32 
16 24 
4 12 

12 36 
16 42 
16 32 
12 28 

8 12 
8 16 

+ Specimen reground and polished, approximately 0.5mm of surface 
removed each time. 



TABLE 27 

Oxide percentaGe area and projection counts on Specimen 

No.P587-126 after thirty repolishes. 

Repolish Percentap,e area. 
+ 

Fre uency per 100 fields' 
40 
.0356 0.03- 0.20- 0.55- 1.20}6 >- Hean. SJ.;d. 

0.20}6 1.20}6 1.20)6 2.7(fJb 1·70}6. 
(XlO-4~ 

r)(J~" 

(Xlo:'4} 

Original. 86. 14. • · • • 202. 222. 
1. 72. 27. 1. • • • 288. .'133. 
2. 67. 33. • • • • 320. 292. 
3. 77. 22. 1. • • • 261. 316. 
4. 88. 11. 1. • • • 198, 302. 
5. 87. 12. 11 • • • • 210. 456. 
<:.. 87. 13. • • • • 171. 320. 
7. 73. 26. 1 • • · • 312. 409. 
8. 92. 8. • • · • 102. 191. 
( 92. 7. 1. • • • 111. 485. 

lV. 90. 9. 1 ~ 
• , · • 230. 9~8. 

11. 92. 7. 1. • • • 144. 378. 
12. 90. 10. · • • • 116. 214. 
13. 94. 6. • • • • 82. 206. 
14. 90. 10. • • • • 132. 245. 
15. 89. 11. • • • • 119. 242. 
16. 85. 15. • · • • 174. 295. 
17. 81. 1'3. • • • , 169. 258. 
18. 89. 11. • • • • 125. 220. 
19. 87. 1:' •. 1 • • 2. • 515. 2556. 
20. 92. 8. • · • • 90. 202. 
21. 86. 14. • • · • 159. 315. 
22. 64. 35. 1. • • • 340. 520. 
23. 86. 14. · · • · 142. 200. 
24. 90. 9. 1. • • • 149. 323. 
25. 91. 9. • • • • 1:2. 286. 
26. 80. 19. 1 • • · • 228. 313. 
27. 84. 16. · · • · 153. 262. 
28. 92. 8. • • • • 100. 175· 
29. 82. 18. • • • • 168. 230. 
30. 91. 9. • • • · 100. 222. 

• Area of each field = 0.5 sq.mm. 

Projection. 
(total length) 

mm. 

Mean. !Std. 
'Dev~ • 

20. 24. 
32. 28. 
40. 32. 
32. 40. 
20. 24. 
20. 28. 
16. 32. 
28. 36. 
8. 12. 
8. 28. 

lZ. 36. 
8. 20. 
8. 16. 
4. 12. 
8. 12. 
8. 12. 

12. 16. 
8. 16. 
8. 16. 

20. 88. 
4. 12. 

12. 20. 
20. 24. 
8. 12. 
8. 20. 
8. 20. 

16. 20. 
8. 16. 
4. 8. 

12. 16. 
8. , 12. 

+ Specimen re-ground and polished, approximately 0.5.mm. 

of surface removed each time. 



Table 28 

Details of two ingots used in inclusion distribution 
study 

Cast no. 

Pit 

No. of ingots in cast 

No, of groupo 

!Ieight of ingot 

No, of ingots in each group: 

5485 

A 

32 

5 
36 cwt. 

Group 1 Group 2 Group 3 Group 4 Group 5 
8 8 8 

bottom 

15600 C 

6 2 

Hethod of teeming 

Teeming temperature 

Nozzle size 17/8 dia, Hagnesite (47 mm) 

Group 

1 

2 

3 
4 

5 

Deoxidation: 

Billet size 

Teemin~ time ~'eeding time 

3'55" 1'20" 

4'40" 1'30" 

4'55" l' 40" 

5'20" 1'50" 

2'35" 0,40" 

Si Mn in furnace, } 1b/ton 
(0,22 kg/tonne) Al to ladle 

27/8" (73 mm) sq. section 

Length of billet 12'11" to 13'1" <3940-3980 mm) approx, 

Composition: Wt, % 
C Mn Si S P Ni er Mo Cu Sn 

Pit analysis 0,375 1,51 0,30 0,031 0,023 0,25 0,13 0.22 0,16 0.023 

Specification 0,35- 1,40- 0,25- 0,030-0,02.5 , , 0,20- , , 
limits 0,40 1,60 0.30 0,01+0 Max. 0.30 , 



Table 29 

Details of samples used from two adjacent ingots of 

low alloy steel 

Sample ! rosi tion in Specimen/billet: coding Remarks I ingot, % no. Ingot 1 Ingot 2 . from top 

1 6 6ZTT 64TT Extreme top nex. to discard 

2 17 62T 64T 

3 
-, 62 64 <.0 

4 35 62 64 

5 44 62B 64B 

6 54 61TT 63TT :.iddle 

7 63 61T 63T 

8 72 61 63 

9 81 61 63 

10 90 61B 63B One billet lengt.h from 
bottom 

11 \ 9j 61B7 63B7 Bottom next to discard 

1 90 6lB 63B One billet length from 
bottom (top) 

2 91,2 61Bl 63Bl 

3 92.5 6lBZ 63B2 

4 93.8 61B3 63B3 

5 95.1 61B4 63B4 

6 96.4 61B5 63B5 

7 97.7 61B6 63B6 

8 99.0 61B7 63B7 Bottom next to discard 

Note: Adjacent samples from the above positions were selected for 

~uantimet, sulphur printing, total oxygen and step testing. 



I 

Composition of typical oxide inclusions determined 
by electron probe micro-analy~ 

Metallographic 
description of 

inclusion 

Strlnger type with 
second phase 

Stringer type with 
no second phase 

Discrete particles 

~ 

j 

I 
I 

Inclusion 
No. 

1 

2 

3 
4 

5 
6 

7 
8 

9 

>. 
MnO 

28 

31 

26 

• 

• 

• 
• 

I • 

I • 

Mean compos:i t~::~ %. --~ 
Si02,( I Al20

3 
I CaO" I 

! --.. 
, 34 20 i 4 I 

I 32 22 3 
34 25 4 

~ 

I • 94 3 

96 2 i • 

I • 98 <2 

• 93 4 

• 94 ! 4 

94 • 3 • I 
I 
I , 

--,.-.--~- - I 

1 _____ . ____________________ _ 

XFound in matrix in two-phase inclusions. 



Oxide percentage area counts on billet samples from Inp,ot 1. 

Position Position Mean 
in sample in inGot. Frequency er 100 fields. percent 

0-:'tl3% 0.03- 0.20- 0.55- 1.20- ..,.. area • 

0.2C% O1l559~ lo2CX6 2. tCfJ); 2.7C% 

1 top. 97 3 • • • • 0.01. 
2. 87 12 1 • • • iO.02. 
3 91 8 1 • • • 1°·01. 
4 85 14 1 • • · 1°. 02 • 
5 91 8 1 • • • 0.02. 
6 92 6 1 • · • 0.01. 

A 7 92 8 • · • • 0.01, 
8 92 6' 2. 1 · · 0.01. 
9 94 5 1 , 

• • • 0.01. 
10 89 10 1 • • • 0.01. 
11 botton. 89 10 1 · • • 0.01. 

1 top. 92 6 1 • • • 0.01. 
2 93 6 1 • · • 0.01. 
3 92 'I 1 • • • 0.01. 
4 88 11 1 • • • 0.02. 
5 88 11 1 • · • 0.01. 

B 6 87 8 3 • 1 1 0.04. 
7 90 8 1 1 • • 0.02. 

I 
8 94 4 2 • • • 0.01. 

! 9 93 4 2 1 • • 0.02. 
10 88 10 2 • • • 0.01. 

I ll.. bottom. 87 10 1 1 • 11 0.04. 
I , 

/ -/,7i Eo//' Centre of billet . I 

I A I B \/' 
Sample 

. 



. Table 32 

Oxide percentage area counts on billet samples from ini;o~ 

Position Position Mean 
in sample in ingot. FreQuency ,er 100 :'ields. per cent 

A 

1 
2 
:5 
4 
5 
6 
7 
8 
9 

10 
11 

'~oi I area. 0.0370 0.03- 0.20- 0.55- 1.20- ~ 

• 
90 
91 
92 
95 
88 
93 
93 
91 
90 
93 

0.2C1}O 0.55% 1.20% 2.70%'2.70'/0 

• 
10 
8 
6 
5 
10 
7 
6 
7 
8 
5 

• 
• 
1 
1 
• 
1 

• 
1 
1 
1 
1 

• 
• 
• 
1 

• 
• 

• 
1 
1 

• • 
• • 

• 
• 
• 

• • 

• • 
• • 
• • 
• • 

• 
0.01. 
0.0 I. 
e.02. 
0.01. 
0.02. 
0.01. 
0.01. 
0.02. 
0.02. 
0.01. 

--------+-------~---+---+--~~--+---.;---~----.---

B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

• 
97 
91 
92 
87 
93 
86 
92 
87 
94 
89 

• 
3 
8 
8 
11 
6 
12 
7 
9 
4 
10 

Sample 

• 
• 
1 

2 
1 
2 
1 
3 
1 
1 

• 
• 
• 
• 
• 
, 
• 
• 
• 
1 
1 

• • 
• • 
• • 
• • 
• • 
• • 
• • 

I : 
I . 

• 
• 
• 
• 

• 
0.02. 
0.01. 
0.01. 
0.01. 
0.01. 
0.02. 
0.02. 
0.02. 
0.01. 
0.01. 

Centre of billet 

! 
~------------------------------------------------.-------



Table 33 

Oxide size distribution counts on billet samples fron InGot 1. 

Position Position wunber per sq.cm.in each size range~ 
in in 1.13- 3.0- 10.C- 20.0-1 50.0- ~ 

sample. ingot. 3.0 10.0. 20.0 50.0 100.0. 100.0. 

1 top. 502 67 4. . • • 
2 741 304 12 18 • • 
3 817 168 40 3 3 • 
4 /-777 278 88 3 • • 
5 948 138 21 • • • 

A G 419 90 37 2u • • 
7 7QO III 16 2 • • 
8 676 198 77 2 2 • 
9 443 126 30 1 • • 

10 624 140 18 • • • 
11 bottom. 413 257 12 3 • • 

1 643 110 27 • • • 
2 431 104 30 2 • • 
3 405 317 10 4 • • 
4 887 85 11 • • I • 
5 1'-288 37 97 6 • • 
6 744 309 89 41 14 • 

B 7 718 194 67 1 30 • -8 730 227 27 4 • • 

1
16 

577 202 20 2 • • 
505 105 19 • • • 

11 , 
I 

ErlgeL __ ~ ~ ---r] I A I Centre of' billet 

-_._._,/ 
Sample 



Table 34._ 
Oxide size distribution counts on billet sa~ples from ingot 2. 

Position Position Nu~ber per sn.c~.in each size ran'e ... m. 
in in l:-b- 3.0- 10.0- 20.0- , 50.0- ~ 

Sa~ple. inftot. 3.0. 10.0. 20.0. 50.0 lCO. O. 100. 
1 • • • , • • 
2 717 117 14 • • • 
3 341 1J,.9 • • • · 4 342 11~ • , • • 
r. 344 165 18 2 • • -6 805 138 3 • • 4 

A 7 622 88 • • • • 
8 636 124 • • • • 
9 698 110 • • • • 

10 735 152 8 7 • • 
11 473 81 9 2 • • 

:--

1 • • • • • • 
2 179 72 3 • • • 
3 376 87 10 6 • • 
4 384 77 5 • • • .,. 485 135 48 6 · • -' 
6 901 172 98 15 33 • 

B 7 977 261 30 2 • 51. 
8 830 261' 52 ~ • • 
9 621 1!t9 42 13 • • 

10 601 324 39 21 • • 
11 984 117 23 • • • 

E~.-' /: .D Centre of billet 
I A I B 
• , 

Sample 



Table 35 

Oxide percentaBe area counts on saQples froQ bottom billet 
of ingot <1. 

, 
Mean Position Position ~ I' 

, in • f Frequency per )0 :f'i "lds percent lon ' 
sample. billet. 0~3% 0.03- 0.20- 0.55- 1.20- ";7 area. 

0.20;6 0.55% 1.20% 2.70% 2.7Cf 

1 +op 89 10 1 • • • 0.01. 
2 93 7 • • • • 0.01. 
3 84 15 1 • • • 0.01. 

A 4 87 12 1 • • • 0.02. 
5 91 6 1 1 1 • 0.04. 
6 90 9 1 • • • 0.01. 
7 94 4 1 1 • • 0.01. 
8bottom 89 10 1 • • • 0.01. 

f--

'1 top 88 10 2 • • • 0.01. 
2 87 11 1 1 • • 0.02. 
3 90 8 1 1 • • 0.02. 

B if 92 8 • • • • 0.01. 
'5 82 18 • • • • 0.02. 
6 93 6 1 • • • 0.01. 
7 i 88 11 1 • • • 0.02. 

i 8 bottom 87 10 1 1 • 1 0,04. 
I 

E~ /' 
-;;; 

-_/ I Centre of billet 

I A- I B 1/ 
Sample 



Table 36 

Oxide percentage area counts on samples from bottom billet of 
ingot 2. 

Position Position Frequency.per 100 fields. Mean 
in in 1"0.03% 0.03- 0.20- 0.5.<;- 1.20- :;r pel'cent 

Ba1:lple. billet. 0.2C% 0.5576 1.20% 2.70% 2.7C% area .. 

1 top. 90 8 1 1 I 0.02. • • I 2 93 6 1 ~ C.01. • · • 
3 86 12 1 1 • • 0.02. 

A 4 94 5 1 • • • 0.01. 
5 94 5 1 • · • 0.01. 
6 90 9 1 • • • 0.02. 
7 92 7 1 

I • • • 0.01. 
8bottom 93 5 1 1 • • 0.01. 

1 top 94 4 1 1 • • 0.01. 
2 85 12 2 ~ • • 0.02. 
3 88 9 3 • • • 0.02 •. 

B 4 88 11 1 • • • 0.02. 
5 94 5 1 • • • 0.01. 
6 . 80 15 3 1 1 • 0.04 • 
7 94 5 1 • • · 0.01. 
8 bottoS' 89 10 1 · • • 0.01. 

F': L' CJ Centre of billet 
I B 

Sample 



Table 37 

Oxide size distribution counts on samples from bottom billet of ingot 1. 

I I 

Position Position Number per sq.c.m,in each size ranRe~m. 
in in l.b- 3.0- 10.0- 20.0- 50.0- ";:I' 

sample. billet. 3.0. 10.0. 20.0. 50.0. 100.0. 100.0. 

1 624 140 18 • • • 
2 662 96 19 • • • 
3 720 173 17 • , • 

A 4 1153 67 13 2 · • 
5 635 156 22 16 .., 

< • 
0 1076 I 227 16 1 • • 
7 1212 195 15 · • • 
8 1413 257 12 3 • • 

1 505 105 19 • · • 
2 917 169 28 4 2 • 
3 807 244 28 • • • 

b 4 567 104 11 2 • • 
5 1592 184 45 33 • • 
6 394 194 63 3 • • 
7 1371 184 31 6 · • 
8 593 275 16 50 20 20. 
-

( .B D ,~t"' of Mll'" 

Edge /' 

r A 

Sample 



Table 38 
Oxide size distribution COUnts on-samples from bottom billet 

of incot 2. 

I 
Position Positiorl Number per sq .cm.in· each size ran[ e I'm. 

in in i 1.8- 3.0- 10.0- 20.0- 50.0- 0;> 
sample. billet. 13.0. 10.0. 20.0. 50.0. 100.0. 100.0. 

1 1735 152 13 3 7 • 
a 819 142 73 3 • • 
3 890 205 19 2 • • 

A 4 754 91 18 • • • 
5 777 122 9 • · • 
6 .L052 194 33 • · • 
7 736 150 9 · · • 
8 473 81 9 2 • 

1 601 324 39 21 • • 
2 .L021 294 26 5 • • 
3 764 290 34 • • • 

L 4 742 204 28 1 · • 
5 563 152 14 · • • 
6 866 281 50 23 • • 
7 541 132 

\ 

21 1 1 • 
8 984 117 23 • 

I · • 

/\ Centre of billet 
Edg~/ A / 13 

I 

I V; I 
! 

Sample , 



\ 
I 

Table 39 

Total oxygen content on adjacent billet samples from 
two ingots used. 

Position Cxygen , weifjht per I -4) cent. ,X10 
in 

ingot. In;:ot 1 • Ini?ot 2. 

1. top. 56 . 
2 • 38. 
3 36 42. 
4 38 50. 
5 62 60. 
6 47 70. 
7 81 71. 
8 47 43. 
9 62 44. 

10 53 80. 
11 bottom. 50 62. 

Bottom 'billets. 

Position pxygen, weight percent (Xl0-4) 
in 
billet. Inr,ot. 1 • Int'ot 2. 

1 Top 53 80. 
2 71 67. 
3 62 55. 
4 59 67. 
5 56 65. 
6 62 84. 
7 51 60. 
8 bottom. 50. 62. 

I 
I 



Table 40 

f~ssment of incl2sion content of billet ~~ 
from two ad.i!:.cent ingots by sulphur printing 

I 
;::~-1' o-~--1·n---r-'·-~~::fi-c-a~-i-on-o-f-,,-a:Ple-s _._-! 

I ingot \ "·----·--In";-ot 31 --_·_--, .... t 
r '" Ing~.:2~_i· I 13

2 

, .. ----r ··"--~-~:.;..:-:------i----C-l...:..ear I 
1 Clear Clear 

1 
8 

9 
10 

11 

t Bottom billets 

I ~ 
\ ! 
i 7 

8 

, 
I 
I 
I 
i • 

Clear 

Clear 

spotty 

spotty 

spotty 

spotty 

spotty 

Clear 

Spotty 

Clear 

CJear 

Clear 

Clear 

Clear 

Clear 

Clear 

I 
\ 

spotty 

spotty 

spotty 

Clear 

Clear 

Clear 

spotty 

Clear 

spotty 

Clear 

Clear 

Clear 

spotty 

spotty 

I 
I 
I 
j 
j , 

, 
I ... __ ... 



, 

Table 41 

Step down visual and magnetic crack detection test results 

on samples from Ingot 1 

Position in No, of inclusions/step iAggregate inclusion length (mm)/step 
ingot V~sual , MagnetJ.c V~sual Magnetic .. -

1" 2)< 3"! 1 2 3 I 1 2 3 1 2 3 
, . 

1 Top • • • • • • I • • • • • • 
2 I 

• • • · • · I • • • • • • 
j 

3 • • • • 2 • j 
• • • • 10 • 

4 • 2 • 2 2 1 I • 20 • 71 26 6 

5 1 • • 2 1 1 9 • • 12 16 12 

6 • 3 2 3 7 10 • 31 18 15 105 105 

7 • 1 • 1 • • • 8 • 12 • • 
8 • • • • 3 2 • • • • 75 55 

9 1 • • 1 4 4 10 • • 18 ')7 39 
10 1 • • 1 2 38 I 10 • • 15 8 61 

11 I· 1 • 3 3 3 • 1 • 13 23 20 
Bottom I , 

Bottom billet 

1 1 • .11 2 38 10 • • 15 8 61 

2 • • • • 2 1 • • • • 25 20 

3 1 • • • 1 1 14 • • • 25 35 
4 2 • 3 3 2 3 16 • 21 43 17 18 

5 • • 1 • • 2 • • 8 • • 30 

6 • • • 3 1 4 • • • 41 14 25 

7 1 1 • 1 1 3 1 1 • I 4:;, 17 35 
8 .. 1 • 3 3 ! 3 • 1 • I 13 23 20 

~Steps on test piece, see Fig. 50. 

• 



Table 42 

step down visual and magnetic crack detection test results 

on samples from Ing,ot 2 

,\1 Position in 
ingot 

No. of inclusions/step i Aggregate inclusion length~mvstep 
Visual i Magnetic -Visual Magnetic i 

Jr i" "i 'i I ill I 
t-___ -+_1+_t--:3=-t-! _1+_2--j,-=-3_+-1_: __ 2_1-' ...:3~-1i __ + ~,-t_3_-

1+ 

2 

4 

5 
6 

7 

8 

9 

10 

11 

• 
• 

• 

• 
1 

• 
3 

• 
3 

• 

~ottom billet 

• 
2 

1 

• 

• 
1 

1 

2 

1 

1 

• 3 2 4 

• 3 12 12 

• 4 l~ 2 

1 1 1 1 

• 1 

• 2 

• 4 
1 • 

1 7 

• 3 

• • 
2 3 
4 1 

1 2 

4 6 

3 3 

• 

• 

• 
• 
6 

• 
29 

• 
19 

• 

• 
86 

9 

• 
• 
10 

7 

22 

4 

11 

• 

• 

• 
'-3 

• 

• 
• 

• 

8 

6 

21 29 

24 35 
28 lOO 

10 15 

20 

65 

83 

• 
63 

13 

• 
25 

123 

50 

57 
25 

46 

12 

65 

35 

• 
30 
10 

16 

53 
20 

1 3 1 1 7 4 6 19 4 6 63 57 53 

2 •••• 21 •••• 1110 

3 ••• 2 1 4 • • • 15 5 65 
4 .21115.6126731 

5 • 1 1 2 3 2 • 9 8 31 28 31 

6 •••• 12 ••• 15 12 

t_, __ ~ ____ ~~_L_~_L_~_L~~~~_LI~~ __ ~12~.~ __ 1_~_L_~~7 __ L__~~~~! __ ~~:~ __ ~~~ 
+ Sample inadvertently lost 

X Steps on test piece, see Fig. 50. 



pec~ ~oa ~on r---c--r-

SAE8620 0.18-0.21 

En16 0.35-0.38 

CK35 (German) 0.34-0.37 
(En8) 

I 
En15A 0.35-0.40 

JDMl041 F 0.36-0.44 
(En 15) I 

I 

Table 43 

~peci~ic~~~ns o_~f~s~t~e~el=s~u~se~d~ ______________________________________ ___ 

Mn I 
0.70-0.80 

1.40-1.60 

0.58-0.68 

1.40-1.60 

1.40-1.60 

Co oS't'O t % i mp ~ ~ n, w • 0 --
Si I S p Ni I 

0.20-0.25 0.030-0.040 0.025 0.45-0.55 
Max 

0.25-0.30 0.030-0.040 0.025 -
0.25-0.30 0.025-0.035 0.030 -
0.25-0.30 0.30-0.04 0.025 -
0.25-0.30 0.025-0.033 0.030 -
_J , 

Cr 

0.45-0.55 

-
0.10-0,15 

-
0.20-0.25 

-

~.--~...-, .. ---I 
i Mo 

0.18-0,23 

0.20-0,30 

0.03-0.04 

-
0,09-0.10 

----.~-.. -- ,-.... ,,~.~ .... , .. 

. ___ 1 

J 

I 



Table 44 

Pit-side chemical analysis of casts of steel used 

Gast I Quality L Pit-side analysis, wt. % 
No. G ! Mn I Si.! S .. P .. Ni Gr Mo t', ·Gu , ~n 

P200 SAE 8620 0.19 0.71 0.25 0.033 0.032 0.49 0 • .51 

r 
0.14 P.017 

p445 11 11 0.195 0.82 0.23 0.036 0.019 0.48 0.53 .19 0.15S P.020 

P917 " " 0.185 0.80 0.24 0.035 0.024 0.48 0.52 .19 0.16c 0.022 

p894 " " 0.180 0.76 0.23 0.035 0.029 0.55 0.53 1°.19 0.16c 0,020 

2969 " " 0.220 0.81 0,26 0.037 0.016 0.50 0.44 10.20 0.17 0.021 

P792 " " 0,210 0.83 0.30 0.026 0.021 0.54 0,52 0.21 0.17 0.023 \ 

P902 " " 0.220 0.79 0.25 C.034 0,018 0.51 0.49 0.20 0,135 0.019 

2387 1I 1I 0.230 0.78 0.27 0.034 0.025 0,46 0.50 0.22 0.15 0.020 

3225 . En16 0.360 1.49 0.31 0.034 0.024 0.34 0,19 0.22 0.18~ 0.024 

3391 En15A 0.390 1.49 0.28 0.032 0.030 0.15 0.130 0.04 0.10 0.014 

3224 Enlb 0.350 1.46 0.30 0.036 0.034 0.34 0.225 0.22 0.17 0.022 

p603 SAE8620 0,205 0.76 0.27 0,043 0.023 0.55 0.47 0.19 0.16 0.019 

2958 " " 0.230 0.86 0.25 10.034 0.027 0.50 0 •. 54 0.20 0.19 0.021 

T1l3 GK;,5 0.355 0.59 0.31 10.035 0.018 0.05 0.12 0.03 0.08 0.012 

P587 JDMI041 0.420 1.35 0.27 0.034 0.042 0.39 0.29 0.10 0.16 0.025 
_ _____ 1 . _______ 

.. -~-. --_. -- -+ - --



Cast Quality 
no. 

P200 SAE8620 i 

I 
p445 11 

P917 11 

pE,94 11 

2969 SAE8620 

P792 11 

P902 11 

2387 11 

~.,.'- --_.-i 

T369 
15NiCr 
M06 

3225 Enl6 

3391 En15A 

~~24 En16 

p683 11 

2958 11 

T1l3 CK35 

P587 JDM1041 
F 

Table 4~ 

Details of casts of steel used 

TappingiTeeming No. of· 
temp •• 
°c. 

"temp •• 
! °c. 

groups 

--_. ~--
1'710 1

1670
" 

2 1580+ 
·1650" 

1700 115'/5+ 
2 

1690 11650" 2 
1575+ 

1700 
1670' 
1580+ 2 

1610 1580 5 

1630 1575 3 

1610 1580 2 

1615 1575 4 
- ... --.~-. ~ ,~ .. -~-.. ~ .'_ .... " .. _,"-

1625 1585 2 

1600 1575 5 

1605 1570 5 

1600 1575 5 

1620 1580 2 

1600 1570 5 

1'710 
1660" 
1570+ 2 

1700 
1700" 
1570+ 2 

" Before degassing 

+ After degassing 

NO':1
ngot 

ingots size, 
cwt. 

13 37 

13 37 

13 34J 

13 37 

31 37 

9 31 

13 34} 

31 37 
-.~--. 

13 37 

34 37 

35 341 

34 37 

12 37 

35 34 

13 37 

13 34} 

---
No.of Remarks 
samples 
taken -

20 Single slag. 
'I"'''',cuum de-

8 gassed,grain 
refined 

24 

16 

16 ,sIngle slag, 

16 
grain refined 

8 

12 
---.- ....... _-----
180 Single slag 

16 

20 

16 

6 Double slag, 

20 
grain refined 

8 Single slag, 
vacuum de-

180 gassed 



Table 46 

Conditions under which samples were examined on the 

Quantimet 
r---------------------------~--------------------------------~ i Condition Details 

Objective 

Magnification to TV screen 

Resolutioil (optical) 

F.l.eld area 

Optical resolution 

Electronic resolution setting 

Light source and setting 

No, of fields per zone 

Palameters measured on each field 

Percentage area A o 
Total projection P o 
Tota~. count (No> than) 

Size distribution: 

No,,. than 

" " " 
" " " 
" " " 
" " " 

Calibration 

A 

XIO 

X537 

1.8fi1lm 
0.25 _2 

1.8 lAm 
.' 

Max. 

w/8 
100 

1.8 

3 
10 

20 

50 
100 

By std. 
sample 
before 
each 
specimen 

B 

X5 

X270 

3.o/Jl1l 
2 0.5 mm 

3. 6pm 
Max. 

1,/8 
100 

5 
10 

15 

20 

25 

By std. 
sample 
before 
each 
specimen 



Table 47 

Summary of data on oxide inclusions in four zones, 1, 2, 3 and 4, 

extendin~ from edge to centre of billet 

Percentae;e area count 
I Position in Frequency of fieldR Percentage area I 

I billet sample, <0,03%10,03- ,0.20- 0.55-;11.20- ;>2.70'';; Mean I std, de 
--- i .0.20'foO.5sPfo 1,20'/0 2.70'fo , 

Zone 1 I 3618 i 1775 100 . 5 1 1 0,05 ! 0.04 

, 3696 11904 
, 

Zone 2 90 14 , , 
1

0,05 ! 0,04 , I 0.011 i Zone 3 3791 i 1809 100 

I 
20 1 , 0,05 

I 
, 

4 3856 11744 1120 
, 

Zon" i 23 6 3 0,06 10•05 , 

vn. 

Size distribution count 

Position in Mean count: No of oxides greater than: 
billet sample -- 1.8/,m i 10J,m , 20J' m 50)' m iOj<,n-

Zone 1 10,68 1,56 0,28 0,08 0,020 

Zone 2 9.35 1,44 0,25 0,04 0,016 

Zone 3 9,58 2,18 

\ 

0.39 0,03 0,010 

Zone 4 I 7,93 \ 1.11 0,21 I 0,07 0,030 . J- , -_ .. -_ .. _. 

Projection count: 

posJ.bon J.n 1. ___ To~~.!..}e.!lg;t~·~.'..: 
billet sample I Mean I Std. evn. ; 

Zone 1 

I 67 39 1 
I 

Zone 2 64 43 I 

I 
I 

Zone 3 65 40 I 

I Zone 4 57 45 I ._ .. ..; 

~-~.. ---)-
Edge 

(~"~T.3.-f4 4.; . centre of billet 
_", . I j 

• , ____ • __ •• r ___ ~ ___ 

Note: The meen estimates are for 1 field 0,25 mm2 



Table 48 

Summary of data on oxide inclusions in two zones (1+2) 

and (3+4), of the billet 

Position in I i Frequency of fields ' PerceHtage 
, billet sample ~~~~I~~~~~~~~~~~~~~~~~a~r~e~a~~ __ 

<- 0.03! 0.03- 10.20- 0.55-: 1.20- ye.70'/o Mean.fStd. dev. 
i 0.20'/0 10.5~/o 1.20'/0 2.70'/0 i 

I : Zone 1+2 
• 
i Zone 3 + 4 

Edge 

,-' I 
3625 l 1427 I 46 2 • i • 
3750 ! 1267 ,49 18 4 I 4 

0.03 

0.04 

0.04 

0.05 

/1+2 /3+4- /J-
~1l..--__ ....LI ___ v/ centre of billet 

Note: The mean estimates are for 1 field 0.5 mm
2 



Table 49 

Percentage area, size distribution and projection measurements 

for oxide inclusions in samples drawn from 45 ingots represent­

ing different groups in cast of steel 

Position Frequency of fields"- Percentage area 
of samples <: .03"10 0,03- i 0.20-10,55- !1.2°-1 2 70'/0 Mean f3td, devn, in cast 0,20'/0 0.55"/0 1,20% ~. 70% >. 0 

Group 1 2264 14 
I 

0.04 0,079 1122 99 2 • 
Gro'lp 2 2253 1251 80 12 4 , 0,05 0.055 

Group 3 2261 1262 58 11 3 1 0.05 0,027 

Group 4 2307 1199 92 l2 8 2 0.05 0.092 
, 

Position Size distribution: No greater than (mean no/fieldY) 
of samples > 3. 6Am >10;,< m '>15;:<m 2~m 2y<m in cast (total) 

Group 1 3.47 0,32 0.10 0.04 0.01 

Group 2 3.31 0.30 0.09 0.03 0.01 

Group 3 3.09 0, ':>7 0.07 0,03 0.01 

Gruup 4 3.71 0,31 0.10 0,04 0.01 

Position Projection (total length.~m) per field)\' 
of samples 
in cast Mean Std. devn. 

Group 1 47.31 55.78 

Group 2 43,66 55.09 

Group 3 45.00 58.33 
Group 4 48.85 64.36 

~Field area = 0.5 mm2 



Table 50 

Percentage area counts for oxide inclusions in 14 casts of steel 

made by different finishing processes 

Cast ! Finishing process: Frequency 0" fields'percentage :~.PL£oentage 
no, ! I area 

1 \--·03';6 0.03- iO.20- ;0,55-11.20- be-;::;"td. 
I ,..(.0 020'''';'055''''; '120'".;'2 70'".;1 .I-~ Mean De : ! Q Q ~ l) o!. 0 i'. 0 evn. 

P200 Single slag, I 67.57 31,2010.91 0.23 \0.09 • 0,03"7 0,079 

P445 vacuum degassed, 56,85 37.55 4.39 0.88 0.31\ • 0,067 0.115 

P917 grain refined ?7.40 20.50 1,21 0.26 0.46 0.17 0,047 0.125 

p894 53.25 45.34 1.25 • 0.06 • 10. 044 0.052 

2969 Single slag, 72.00 26.30 1.34 0.1/ 0.13 • ~.034 0,058 

P792 grain refined 80.60 18.50 0.77 0.13 • • 0,024 0.039 

P902 62.50 33.00 3.24 0.63 0.63 • 0.065 0.045 

2387 62.00 35.42 2.08 0.42 0,08 , 0.046 0.059 

3225 Single slag 55.00 40.45 3.90 0.50 0.10 0,05 0.060 0.079 

3391 50.00142.00,6.30 1.35 0.35 • 0,079 0,128 

3224 50.50144,50 4.30 0.64 0,06 • 0.065 0.110 
I 

pt;83 Double slag, 75.0°123.50 1.25 0.25 • • p.024 0.036 

2958 grain refined 66. 30\32.30 1.30 0.10 • , p.033 ,0.040 

T1l3 Single slag, 60.4 36.50 3.00 0.13 ! • • p.049 0.057 
1 

, 
I vacuum degassed ! I I 

)( Field area = 0.5 mm2 

,. 



Table 51 

Size distribution counts for oxide inclusions in 14 casts of steel 

made by different finishing processes 

Cast no. Finishing process I.. Size di. utribution: n. 0 greater ;;han " t (Mean nO./field» 

P200 Single slag, 2.18 \0.66 0,08 0,03 0.01 

p445 '"acuum degassed, 4,00 10.40 0.12 0.05 0.02 

1)17 grain refined 3.08 0.24 0.11 0,06 0.04 

P894 2.68 0,23 0.06 0,02 0.01 
I-=.-;:;--r-;::-:-...-.,;----:-:----+-:;-;::;;-i;::--:::::--t-"- --.":"'-1.---1 

2969 Single slag, 2.58 0.25 0,03 0.01 0,01 

P792 grain refined 2.04 0.17 0.05 0.02 0.01 

P902 3.99 0.48 0,14 0.04 0.02 

2387 3,81 0.49 0.20 0.07 0.02 
-----::--~.,..-·:_-,,-----It--,-::-c ___ +::_::::-+~:_:_+_::__:~--

3225 Single slag 4.16 \0. 37 0.11 0.04 0,02 

3391 9,25 0.52 0.16 0.06 0.03 

3224 4.22 0.41 0,13 0.05 0.02 
1--~~-+-----------+-~--~~~----1-

P683 Double slag, ?,OO 0.11 0.03 0,01 0.002 

~958 grain refined 2.86 10,11 0.03 0.01 0.005 

T113 Single slag, 3.76 0.32 0.10 0.05 0.03 

vacuum degassed 

A' 2 Field area = 0,5 mm 



~able 52 

Total projection (total length) counts for oxide inclusions in 

14 casts of steel made by different finishins processes 

Cast no. I Finishing process Projection (total 
I 
I length~m)/field ! ., 

I Mean Std .. devn. 

P200 Single slag, vacuum desassed 32 51 
p445 grain refined 60 86 

:':'917 41. 68 

p894 47 45 

2969 Single slag, grain refined 37 52 

P792 26 30 

P902 55 96 

2337 

3225 Single slag 43 51 

3391 77 lel 

3224 49 59 
p683 Double slag, crpin refined 28 39 
2958 36 39 
T1l3 Single slag, vacuum degassed 51 52 



r 

~e22 
Percentage area data for oxide inclusions in 14 casts of steel 

made by different finishing processes 

. 
cast No, of Percentage area count 

no, determin- Bean std, I St.-d. Largest Remarks 
ations dev, error possible; 

I error { I 

P200 20 0.04 0.015 0.0034 0.0068 !Single sla~---
vacuum degassed, 

p445 8 0.07 0.030 0.0106 0.0212 grain refined 
PS'17 24 0,05 0.050 0.0102 0.0204 

p894 16 0,04 0,015 0.0038 0.0076 

T1l3 8 0.05 0.026 0.0090 0.0180 Single slag, 
vacuum degasfled 

p683 6 0,02 0.007 0.0029 0.0091$ lDouble Illag, 

2958 20 0,03 0.016 0.0036 0.0072 
jgrain refined 

3225 16 0.06 0,031 0.0078 0.0156 Single slag 

3391 20 0.08 0.030 0.0067 0.0134 

3224 16 0.07 0,016 0,0040 0.0080 

,'169 16 0.03 0,0:"1 0,0044 0.0088 Single slag, 

P792 16 0.02 0.014 0.0035 0.0070 
grain refined 

P902 8 0.07 0.026 0.0090 0,0180 

23871 12 0.05 0.031 0.0090 0.0180 
-" 

---------------- -
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Ft g.l. -'~e actions taf~ ing place 
inside the neutron generator 
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Fig . 4 The Dierga r ten Inc lusion Chart 
(REduced 33 : 1 ; or i ginal 100: 1) 
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Fig . 4 continued 
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Fig . 5 The Chev~ rolet Inclusion Chart (SAE-ASTM method) 
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Fig. 5 continued 
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Fig. 6 

Lineal traverse inolusion oount in whioh 

a measured distanoe is traversed under 

the microsoope and only inolusions inter­

oepted by the intersection of the cross­

wires. such as A, B , and C, are counted. 



Flg.6 Ilustrating _principk. 
of counting· inclusions by 

the LT method· 

. glRECTION OF TRA~RSE 

B· 
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Fig. 7 

Modified lin.eal traverse method. A measured. 

distance is traversed. under the microscope 

and. only inclusions intercepted. by both cross-

wires, such as I, 5, and 7, are counted. Inclusions, 

such as 2,3,4,6 and 8., are not counted.. 

e f is a movable cross-wire pre-set a certain 

distance from a b. 

, 

I 

.1 

'I 
I 

I 

I 



Fig.7 Ilustrat ing principle 
of co unting Inclusions ~y 

the modified· LT method 

e 



Fig. 8 

Baynes I Intercept Count Method. The inclusion, 

to be counted. in Fig. 8 a is at point A. The 

inclusion at point B on the lower cross-wire is 

not to be counted. in this field.. The next field 

to be counted. after that shown in (a) is shown in 

Fig.8 b. The inclusion at point B in (a) is now 

available for counting at point Br on the counting 

oross-wire in Fig. 8 b. As a cheoh on the position of this, 

field. to be assessed., the inclusion at point A in 

Fig. 8 a is now on the upper oross-wire of point 

Ar in Fig. 8 b. The ind.ex of the inolusion count 

is the number of fields observed. to count roo 

inclusions. 

-



FiQ, 8 .llus trating principle of 
cOUnting inclusions by 
Baynes' intercept method 
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Rg, ~ lIustrating principle 
of Rosiwa I's method for· 

.determining volume 
fract ion of phases 

.' 



Fig.IQ PO'mt- counting. 

r<zt icu 1125 for US<Z In a focusing 
ey<z pi<zc 12 
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Fig. II 

Examples of assessment of some typical inclusions. 

Note that the inclusion length , L, is indicated 

as a if a< L < (a + I). I: length: 4.. units, 2 

crosses over inclusions. 2, 3,4., and 5: according 

to the rules in the test these are two stringers; 

2 and 3 are. one stringer with L" I unit, 0 cross, 

and 4. and 5 are one stringer with L =Iunit, 0 cross. 

6 inclusion with L less than I unit not counted • 

. 7 and 8, one stringer because the space between 

them is shorter than the length of the shorter 

inclusion with L .. 3 units, I cross. 9,' inclusion 

partial~ falling outside the grid, number 0.5, 
. . 

L ~ 3 units, I cross. Special types of' inclusions, 

e.g. alumina; inclusion assessed as a stringer of 

L~ 4. units. 



Fig.1! . Ilustrating principle 
of counting inclusions by 

Bergh' 5 method 



. Fig.l2 Example of chart 
suggested by Jernkontoret 
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Fig.l3 Schematic ray and block diagram 
of flying-spot microscope for metallurgy 

I. specimen 
2. cathode follower 
3 VF amplifier 
4 Clt tube . 

objedi"e.,. 

--

5 pulse generator PEC 
6 . brightness monitor 

5 
I2:"1--m-~ 

,,_ - r___L __ J 

7 tl me base pulse gen.unit 
8 CR tube focus 



Fig 14 Simplified blod{ diagram 
of Q ua n t i rn et' Irn age 

analysing computer 
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I sp'ecl m en 
2 microscope 
3 camera 

5 detector . 
6 compute r 
7 programme selector 

4 mon itor 8 sequence control 

9 print ou t 
10 punch 
11 digital cl isplay 

special output monitors 12 



Fig.15 Schemat ic diagra m of 
eou Iter particle size counter 

J/' Vo.c.M.u.m 
f~S 0 

(.jrc.4.ir 

MAIN ~~>~ P'I/se -> . 
1\11 f'UFIER. ftWiflifle r 

~ . 

\ 
PIA/se • 

hnj ~ r.en 11'l'J. 
,~ SI3r1G\ 7 

<:; '1 
Scope - -f--= -

HOY"3°'1t../ c.oun/(r - - -
r'" 

. - - - f- driver - - . - - Sweep - -- - - -- - ~ -- --
! - -- - -- -

~ - - - --- - - - -- - - -- - -
dlSi/o.1 
resister 



----------------------------------......... ......... 

a 

Fig.lb Schematic rayout of the Viekers 
Automatic Ine lusion Counter 

SC~1t 
genera.tol" 

, 



Fig . 17 A genera l view of the au t omatic Quan time t 
I mage Analysing Computer 



FIG.I:O-
OU TPU T SIGNAL FROM A SI NGLE LINE SCAN 

OF A SAMPLE CONTAINING THREE 

INC LUS IONS OF DIFFERENT SIZES &. 

!/) 

I­
Z 
:> 

~ 
<1: 
c:: ,' .. 
1-. 
10 
c:: 
<1: 
w~ .. ', .. _., 
l!l 
<1: 

~ 
o >, 
l!l 
Z --a. 
a. 
-1 
U 

-

-

A 
:c:::::: ::-=:, 
I I • • : : 
I ; 

CO NI RAST 

B 
i~ 
• I 

I I 
I I 
• I 

. 

( 

A & B ::. OX I DES 

C :: SULP HIDES 

TIME ~ 

c 
"""i 
I 
I 
I 

\ 

, 



~ 

4:. 
W .. a: 9~ 
« 
w 
~ 

.4: 

f::97 

95 

o 20 40 

FI G. 19 

VARIATION IN BLANK 

FRAME SETTING 

0-0 

0-0 

+-1" 

F I R.ST MONTH 
SECOND MONTH 
FOURTH MONTH 
EIGHTH MONTH 

, . 
cO 80 100 12.0 140 

TIME MINUTES. 

" , 



\J1 
Z 
o 
\J1 

,~ 
o 

>­
I-

> 
I-

-90 

FIG.20. 

VARIATIONS IN CAMERA SENSITiViTY 

T -r -,- -, 1 

0-0 

0-0 

• • I, ' , 

FIRST MONTH 
EIGHTHMONTH 

· 

· 

· 

-

· 

.60,L·--~-~·~--~~--7=~--~~ __ ~~"~~~~'1~4'O~ 
20 40 60 60 100 120 

TIME, MINUTES, 

I 



f­
Z 
W 

FIG. 21 

EFFECT OF FILTERS AND LIGHT 

SET TING SON OX I DE CONTEN T 

MEASURED 

~o_o-~_O~~ 

0·18 YELLOW o_e--o-g::::Z-
_0-o-~o-.¥o- . 

o 
........ /0 RANGE 

...-0-0 - 0 
o . 

f- 0.06 
z .. 
o 
u 
w 
o 

OL-~ __ ~ __ ~ __ ~ __ L-~ __ ~ __ ~ __ ~ 

I 2 3 4 5 6 7 9 10 

LAMP SETTING 

.1 



Fig . 22 View of image to be analysed 
(a ) be f or e de t ection ( filling - i n) and 

(b) afte r netection 

-- -
(a ) 

( b) 

cd 



FIG.23. 

DISTRI BUTION OF THRESHOLD SETTINGS 
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FIG 36 
TOTAL NUMi3ER OF INCLUSIONS COUNTED 
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FIG 39 
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FIG.41 

OX IDE CO UN TS OBTAINED ON SAME. 
SURFACE BUT DIFFERENT SAMPLES OF 
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FIG· 57 
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FIG_ 59 
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Fig. 61 General view'of Miniature Coating 
Unit MICRO BA-3 
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Fig.62 Photomicrograph of manganese sulphide 
inclusions in high sulphur free-cutting steel: 
(a) before etching, (b) after etching in nital. 
Grey phase MnS; light phase lead telluride, 250X. 



Fig. 63 Photomicrograph of same type of 
incl.usion as in Figur e 62 as seen by the 
i n terference film technique . MnS orange; 
l ead- telluride yellow. The dark phase bluish 
in colour is manganese - lead-telluride. Steel 
matrix bluish- green ,400X 
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Fig . 64 Pho t omi crograph of manganese su l ph i de 
s t ringe r- t ype inc l usi ons . in h i gh s ulphur free­
cutt i ng s t eel ba r s ; une tched , 200X. 

Fig . 65 Photomicrograph of same t ype of inc lusions 
as in Figure 64 as seen by the inter ference f i l m t echnique: 
MnS or ange ; steel matr i x blue , 200X . 
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Fig , 66 Composite oxy-sulphide inc lusion in high sulphur 
f r ee - cutting steel before coat i ng with ZnSe film; 400X • 
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Fig . 67 Same inclusions as in Figure 66 as seen by the 
interference film technique, 400X . 
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Fig . 68 An inc lusion a ggrega t e in a longitudinal billet 
sec tion before coa ting ; unetche d , 400X . 

Fig . 69 Same t ype of i nc lusion aggregate as in Figure 68 
a s seen by t he i n terference film technique ; 400X . 
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Fig . 70 Silicate and manganese sulphide inclusions 
i n l ongitudina l section of a low alloy steel billet 
as s een by the i n te r ference film technique, 100X . 

Orange MnS; yellow silicate. 
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Fig . 71 Microstructure of grey cast- iron as seen before 
coating with a ZnSe film, 600X. 
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Fig . 72 Same type of structure as in Figure 71 as seen by 
the inter fe rence film technique , 600X . 
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Fig . 73 Examples of same type of inclusions a s i n Figures 
62 and 63 but unde r a thinner f ilm (red) of ZnSe , 250X . 



Fig . 73 Examples of same type of inclusions as in Figures 
62 and 63 but under a thinner film (red) of ZnSe, 250X . 
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