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ApEendix>1

Suggested method for preparation of standard specimens

Typical microscopical fields are selected 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). ZEach 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 ig
processed and an enlargement made of standard field, When enlarging
the photpmicrograph of the standard field a grid negative is used in_“
conjunction with the photomicrograph negative., The photographic
éxposure 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 tﬁen
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 or film, TPhotographs of two
- such grid negatives are shown below,

To assess the area occupied by inclusions, the number of small
squares+ occupied by the inclusions or features of interest is counted
and compared with‘the total nﬁmﬁef 6f suchf;qﬁares within the area
of interest (field) on thé“épecimen, i.e. tﬁ;éarea correspoading to
the blank frame, This gives the prOportioniﬁf'area of that inclusion

or feature in the field, This value is théh used as a standard area

Special note: TFeatures less than 1 square are counted as % a unit,
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for that field of view, In practice, the operator sets up the

ingtrument so that the standard field of interest is projected on
the TV screen, ifocuses the microscope to give a sharp image and sets

the threshold level to correspond to the standard area measurement,
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FLCW DIAGRAM AND DETAILS OF CCMFUTER PROGRAMME QTM1OL

QM 101

+ WARNING

Y

P FIELDC ADR
E ADR
P FIELDA ADR
E ADR
P BSTORE ADR
B ADR
P OUTPUT ADR
LH ADR
E ADR
. ADR
L 8I ADR
E ADR
E ADR
L 82 'ADR
E ADR
B ADR
E ADR
L 83 ADR
L 54 ADR
L S5 ADR
E ADR
E ADR
L 56 ADR
E ADR
L 87 ADR
E ADR
E ADR -
L 58 ADR
E ADR
L 389 ADR
E ADR
L S10 ADR
E ADR
L 811 ADR
L 812 ADR
B ADR
PROGRAM 1204
SCALARS 65

35

56
103
105
137
139
176
240
240
380
2
435
425
511
545
572
573
602
631
705
737
728
774
775
809
850
876
929
950

1005
1006
1060
1061
1092
1162
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QTM™miton - ' !
"BEGIN® "REAL' FHsFW, AR, Ys FARS SDEV, DATES

]
B
.l

j ) -"AL (}UL u

PRUCEDURE® FIELDCPCAA, BB 3

. IIEN Dl.

‘"BEGIN". CCLW)e=BRL axX= 1171003 -
MEND'S

“‘"PRUCLDURE" BSTURECFF, Gb.ﬂUﬂt.&UMﬁ.qso:: f '
-"DEGIN" SUMIEX)t=FFUX 14 SUMRIX 3

} “END"'

BEGIN® “SWITCH" SW:=H3

CMINTEGER'™CNS PNs Lo Js Xo W AREA, [BLUCK: S(‘ANNL[); lJUN Ts

NUMBERs REJEGTS :
"INTEGER'™ARRAY'" ACN: 751, TTILELN:15)5

"ARRAY™CS, PSC 1R 1, DINs VAL, CSUMs PSUMs 5500, 5501 CaPt!SIb!o _Hﬂ‘w

- RRs TTs ARES ARSUM, FARSUMs ARSTUR, SSOARC0: 133 :
USWITCH' SW2=S51s 520530 54: Sy S63 575 SB» ‘-.‘h 510, .)l h 5\21
"CL]DE." "PRUCEDURE'" LININCYY:

"INTLG[ZR""AHRAY"Y.

s e T e
INTEGER™ ARRAY' DBj - _ B R
"BIGIN" AAEXJ =HU[4*X-I]+nn[x]; : : S

"PRUGEDUHL" FIFIDA(HH;F[.UU»LL.NUWBER):7:
"ARRAY'™ CCs DDs EF ' '
S MINTEGER™'ARRAY® BB
YINTEGER™ NUMBER;:

DOCWI=CCLWI /NUMBER+DDL W)
EECWIz=CClWI/NUMBER+CECW) 3 .

CARRAY'MFEF S GG SUM 1, SUMD, 55Q3 -

| 55QCX1: =GGLXI¥GOLX )+ SSALX] )

"PRUCEDURE" UU]PUI(TT.SUW,SSQ,ULUCK)i
"ARRAY' TT» 5UM, 5503
“"INTEGER' HiLUCK;
"PRIN.I" JOLQQ
CNIFET TTOXY== 0 “THEN""GOTO" H3 '
O MPRINT®™ SAMELINES ALIGNEDC s 1), TT[xJ."sa“n
Ht  “PRINT® SAMELINL;A\IGNEU(JJA),ELMtX]/HLUCKJ.
COMIF' BLUICK "GE' 2 "II{IN" : o
"BEGIN"

"‘F" Y NLLH ﬂ u-“iLNu'. SU&V’"‘“ ‘
. MELSE' SDEVi=SORT (Y)s

“PRINT' "SAMEL INE, * ‘53‘ ‘y AL I GNEDC 3 ﬂ)o SDEV:

MEND"3
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NI pN=D CTHEN"HEGIN® [t= 1+ 15 DINCTT1=

.§2:
LMIFT g=PN UTHENT “GOTU 543

‘ff Leal+is Js=d+1s ' ‘ e
o MIFY CSC13=PS0JY "THLN""BLGIN" BINCI+J=1)¢ [31N[I+J]:=(];

OMIFY GSE11<PSTJI “THEN' BEGIN® BINCI+J=11t21t

‘"lF“ I+J=CN+ PN “THEN® “GUTU™ S5 !
. WIF*" CN= 0 "THEN BEGIN® Ji=u+ 5 BINCSIt=03

| MGOTO™. 523

| : |
YREAD* .DATE, FHs FWs AR» CN3 S _ PR
MFUR'S [3=1 “STEP™ 1 “UNTIL' CN DO ' READ™ cscr]h.
"fREAD" _PN' - ' o
SFIR'™ Ji=1 "STEP" | "UNTIL” JN "DU™ “READ" PS(JJ)"

CMREAD' AREAS

FARS=FH*F W)

- NUMBER:=AR/FAR}

"PRINT"*"°L* DATE‘:SAMELINL’ f\LI(sN[‘.D( G6s 09 DATES L ‘

: PULUFIELD WIDTM & HEIGHT s ALIGNEDC 1, 2)s FWs FHs _‘ MMS"
*LCEXAMINED AREA®» ALTGNEDC)» 2)s AR * SQ MMS' T e f

_ 'L ONE DETE.CTIL]N LEVEL- (JNLY l ) . a

WALTY

'=J8-0$

j VALEJI2=PSEJYs GUTU™ SIp o0 o s

| VALCII:=CSCIDs "GOTQ" St "0, o
VEND''3 . ST T e

WEF' [+J=CN+ PN YTHEN" ";GU'IU" 05; .
SUIF* I=CN "THEN' "GDT0O 531

'\MLEHJ-I]:-CS[!H
CVALCI+J)3EPSUIYs

R "GUTU" S"l'
“END"3

H

:ynLtr+J~|1:-c5t115‘
.tJ“"'IJ- “

. .ILN Dl. “
l"“ELSE“"BLGIN“'B[NCI¢J-I]znﬂl 1

. S VALLI+Y- I)'aPSIJ]l
| 1:=1~1:
O.E.N{)l! "

Jiade 1y |
BINCIsJ)1=03 VALLI*S1:=PSLSls '
MIF" J=PN MTHEN® GOTU" 55 “ELSE" "curu" s1;
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o ' QTMlbl
v Bk
S4: Ti=l+is SN P o L
; BIN£1+J}:-1:‘ VALCI+Jls=CSEias - SO RN LN e
| MIF [3CN “THEN™. "GUIU" Sb "ELSE". "GUTU" 541 RREP >
Ss:! "PR‘NT"'.‘L(’“’_
foJe=0s 0
Y INSTRINGCTITLE» JY 3
Ji=03
uursTRINGtTITLE.JJ;
y WAITS
.;*auaNNEbz=REJE0T:=HLUCK:=n; |
. RRULOJE=RRC13t=03 TTCO):=TTCM)e==13
| MFOR™ Xt=0 “STEP" L "UNTIL™ 1 "bu™

| “END*3
"FUR" xt=' “STE.P" I "UNTIL" PN"‘CN "DU"

BEGIN' csuwcxl:—vsLch1s~5500tx1=-sseptx:z=0sf”f"

'.Lh Dl.

S6:  ARSTURLO)3=ARSTURC1:=05 GOUNTE= 05

'S7

HFOR'™ X3=1 “STEP" 1 “UNTIL™ PN+CN "“DU"
| MBEGINY COXI:=POX1i=0i
) “LNU"' o

POULININCGAY S

“IF"_Acnl;J “THEN" #GOTU"S93
WIFY ACDI> 1 MUR™ AC1) “NE' PN+ CN+AREA+ L

. "THEN® “BEGIN® REJECTssREJEGTS 1. . |

S _ “cu1u" 51:
L " OMENDY3 - .

. COUNTt=CUUNT+13 -

i SCANNED1I=SCANNED* 13

WEOR' X3z} "STEPY | "UNTIL™ BNSCN “DU'* . 0o

YBEGIN®
. CMELSE™ FIELDCPC(Ps AY3Y
"EN D"’ . o fo

‘“IF" AREA=z( "THEN" "GUIU" 581
Wt=D3 x:-PN+CN+AREAs ‘ '
FIELDA(A.ARE.FARSUM,ARbTUR.NUﬂBER);
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BLUCK = BLUCK+ 1} o
CMFORY Xp=1 “STEP™ O} “UNTILT I"N+CN "DU"
CBEGINY '

YIFUBINIXI=1 "THT‘N" HSTUIIRECCs C» CbUM: C“;Ll"'n SSOC)
“ELSE' BSTURE( Ps P: PSUM: PSUM; S%QP) I S

R ____g') B

HiEe AREA 0 "THEN" "GU?U" 893 .
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BSTURE(RR, ARS'“JRJ ARSUM: FARSUM, SS@AR) ’
"GUTU" S63 . ‘
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T wET CN=0 THEN“TGUTUY S0 : | R T ST
CMPRINT® # L 4° COUNT L 54° S12E *S6* MEAN *56* STD DEV® 3
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“BEGIN' “IF* BINLXJ=1 “THEN" UUTPUT(VAL,FSUM.JSQCnBLUCK)l t
HENDYS _ L
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© . PRINT'**L 4" PRUJSECTED LLNGTH'LSA‘SIZE‘SG‘MLAN‘SG‘STD DEV‘
CUMFOR“X1s1 “STEP 1 MUNTIL™ CR+#PN “bU"’ SR
“BEGIN® “IF' BINIX)=0 "THEN" UUTPUT(VN .Psuw.ssep»auucw)n_pvﬂ;'
.‘E.ND" ‘ . ' ‘ L "

skl pFt AREA=D "THEN“"GUTU"'JI \ -

S "PRINT"r’La‘ZARLA'LSA‘MFAN‘Sb‘STD st*
C L XesWs T REREEIP
. UQUTPUTC TT» ARSUM» SSOAR, BLUOCKY 5~ -

S|2: “PRINT | | | e
© 7 PCL2NUMBER UF FIELDS SLANNLU‘:S(\MLLIN& DIGIT&(J); SCANNED,_
PLCNUMBER OF FIELDS REJECTED®, SAMELINE, DIGITS(3)s REJECT:
*LC*FIELDS WERE USED IN', SAMELINE, DIGITS( 3)» BLUCK» ey
*TBLOCKS (JF”".NUMBER. "Riﬂl]“; S L
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"BEGIN“ YREAL' FH, FW, nn,v,anu,,nrv.unla ' ' e
CMINTEGER'™CN, PN, ¥y GpIerYnF:h.AHIApULUCK;nCANNLD)CUUNT;-;;a

L eENDYS
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QImM201 . L
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E
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NUMBLER, REJECT

SINTEGER™ ARRAY' AL0: 1501, TI iLEEU' |5]!

| :"Aunav"cs.Pst1-31.n1w,vn|,Lsuq.P%LM.ssnc.ssnP.C.PtI:aaj.{;-Vjin

© WBEGIN' COLWIi=BUC4xX=1371003 5

AL GUL "

RR» TTy AREs ARSUMS ARSIM, ARSTUR, SSOARLOs 138 - PO ‘

"SWITCH" SW1=515 525 53 54 50 u(n 57: SB. 59» -.)H]! S‘il Slea 313) v |

. Sias . ' _ _ o e R
' "CUUF" "PRUCEDURE" L.ININ( Y)} ' R - IR '_“ R ‘

YINTEGER"ARKAY™Y S

"PRUCFDUNE" FIELDCPC NN 1313 3
YARRAY'Y™ AN ,
' PINTEGER""ARRAY" BH} ‘.
SHEGIN® AACX D s =BBL 4%X= 1I+AATXD S
“END"} . -

"PRUCEDURF" P]ELDnCBH.LC.DD,LL:NUWBER)S
CYARRAY' CC» DDy EES . A
CMINTEGER" ™ ARRAYY na:u o
SINTEGER™ NUMBERS

 DDEWI$=CGL W) /NUMBER+DDLWIS.
EELW1t=CCCWI/ZNUMBER+ EECWIS

= "PRUCEDURE" BSTURE(PF,GG,Siml»SUM ,ssa>: S ;Qﬁfgﬁf*fﬁf3ﬁi "ﬂ

YARRAY'FF» GG, SUM 1, SUM2, 5503 7

*;"BFGIN+ SUMILXISmFFOXIF SUMBEXTs - oo e
T SSEXI1=G6LRIGOIXISSSOCKIY o
o WPROCEDURE" UUTPH1(T1;oM%.oqQ;BLUCK)! B o

TARRAY'™ TTs SUMs SS03 75 e | S

_ . "INTEGER" BLUICKS - CEE C e
PHEGIN® “SWITCH™ SW:=H3 . --Lj'» e T TR
. o "]"R]NT" » -Lq .3 : ’ .o . ) . o ‘
"IFT TT(X)==) "1HFN""GUTU" H3 SRR R

“PRINT" SAMFLIN[:AlIGNFD(b:I),11tK1»"52“3 Pl

Ht  “PRINT" SﬂMLLINL;AIIGNLU(S;A);SUM[X]?DLUCKI AR
T WpEY PLUCK “GE™ 2 TTHEN' - - .s_.;g)"
l!BEG]‘N'I ) ' EEE

Y1=¢SSOLX1- ((SU1[X]*¢U%[K1)/HIUCK))/(BLUCK-I’I i
WIFY Y "LE™ 0 “THEN® SDEVi=( A
. MELSE™ SDEVe=SORT €Y15 '\:=-f'r< _
Y UPRINT SAMLLINC."sa‘~.ALxGNana.a).suzv: -
S MEND"3 o . s.o PR
“END'3 - R o I R B ‘
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. READ' DATESsFHs FWs AR» CN3

| Z12CN+ PN+ AREAS

CMIFY L+ JSCN+PN "THLN"‘"GHIU" bSi
COMTFY OCN=0 “THEN""BLGIN" J‘“J+Ii BINCJI HIN[J+71 =03

TR PN=0 "THEN""BEGIN" Li=i+1s BINCII:=DINCISZYs 15

- QTMZ0L

i

CFUR® Tr=1 “STEP™ | “UNTIL® .CN "DU" “READ'™ CSCLE13 .- o

YREAD™ PN} ' : T

CUFOR™ Jr=1 “STEP™ 1 UNTIL™ PN DO" “READY PSCJIs © 0

"READ' AREA$ : B

FAR:=FH=*FW3

NUMBER: =AR/FARS

VPRINT*°L® DATL‘-JAMLLlNLaﬂLIbNFD(6;0),Dn1En ' |
PALCFIELD WIDTH & HETGHT®, ALIGNEDCE, 2 ).FN.FH.f MMS‘
PPLCEXAMINED AREA®, ALTGNEDC 1, 2)s ARy * 50 MMS‘ et

§ *ACTWU DETECTION LEVELSY; o0 7 o -;“*=P“ !
WAITI o ' o e o

1t=Ji=03

VALCJT: -UﬁltJ+Z]3*PS£JJ!
CUGATU S1
MEND® . -

, -ooovalcr: VALCI+?J:=CS£IJJ
' - ‘ R "GUTU" SI: ‘ ‘
OUENDOI‘ )

|

LOMIFEY I+ JsCN+PN "THEN' “GUTU™ 553
MR [=CN OC'THEN' “GUTU" S3#

AL J=PN UTHEN' "“GOTU" Sar
I ANIEN AT C
.;-"IF" CSEI}=PSEJJ"1HEN"

. o "BFGIN“BIN[I+J-I] B[N[l+d-l*2]:=1l

o BINCI+J3e=BINCTI+J+203=08 . - 00 ff;“
VAL{T+J= 112 vA|EI+J-|+z1:=csct::.;* :
Vn}[I+JJ:-VAL[I+I+Z}==PS[J13 ‘

"0U1U“ sar o

"E‘NDN’ )
"lF" CS[I]<PS£J1"THEN" ' o S L
. : 5 "BEG[N"BIN[I+J-IJ =BINCI+J= 14232213 e
antl+J 11:-vn1c1+J-|+z::=cs:rJ: N
| ‘.. MEND".
‘ ' “ELSE"

CUBEGIN'. ﬂlN[I+J-l]:-H!N[l+J-I*Z]:=Dl; e
: VALLI+J=133=VALLT+J-14Z2]32PSEJIT
.'END"‘ “ } o . : .
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' 56:

2BlN[I*J]:=BlN[I+J+Z]:ﬁUl

,TFY J=PN UTHEN' “GUTU"Y Sb"WJ.qL';"GUTU" 33!

TNSTRINGCTITLES I 1
CMFURMIXe=0 “STEPT 1 CUNTIL™ 1 DO”

. WFUR™ Xt=1 “STEP™ 1 "UNTIL" (2#Z)=1 *DU"

CMFUOR®™ Xt=1 "STEP™ 1 “UNTILY (2«2)=1 "Do"";

WFOR® X15261 “STEP® | MUNTIL® 207 “pOM -
CMBEGIN® AL4%X=1112AL4¥X=11=AL 4x(X=2)= 113

‘SCANNED! SCANNED+ 13

QIM201

Jr=J+ ]

VALCTI+J3s=VALLTI+J+Z1:=PSCJ)3

=[+13
BIN[I*J]:“BIN(I*J*?] = _
VALET+Jd)s=VALLI+J+Z): ?CS[IJ; ‘ ' o
“IF'" I=CN "THFN" "GUTU" Sb "EISE" "GUTU" Sd!

"PRINT"“L6“I
1=03

Jr=03" ‘ ‘ R L
QUTSTRINGC TITLE, J) 3 B SIS RPN S
WALTS AR TR

SCANNED: =REJECT:=BLUCK =103 o
RRC0YI:=RRC1):=03 TTCM):=TTCL)s=~-13

“BEGIN'. AHSMWEXJ:-PARSUM[XJ SSOAR:XJ::D;
YEND' :

MBEGIN' CSUMIXIt=PSUMCK]: ssoc:x1:-sseptxls=01
TMENDS |

ARSTORE 03¢ =ARSTORL 131103 wCUUNT =03

“BEGIN" CLKJ:-PtXJ:nU:“
"LN Dn

! /

LININ(ABI

HIFY ALO0)=1 THEN' 'GUT"S593
WIF™ ACO1>1 “OR™ AC1) "NE®" (2+2)+1 o
"THEN* “BEGIN" REJECT:= REJEcr+1:f'
: Hndjn" 573

- MEND'

CIFY AL 4xX=-13<h "THEN'

CBEGIN' REJFCT:“RLJECT+IS
- tGOTO™ ST A |
"END' B TR L P

YEND"S
COUNT:=CUUNT+ 13

: | | SRR Y
: 192 '
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COMFUR"™ X$=1 "STEP™ 1 “UNTIL' PN+CN, | SR
S Z+ IUSTEP™ 1 “UNTIL' Z+PN+CN PDUY
YREGIN® o -

. l'END!.’

- o
QIM201 ' ' ;i
|

“IF"BINCXI=1 "THEN' FIELDCPCC, A:)
“ELSE'™ FLELDCP(P» AYY

MIFY AREA=0 “THEN™ “GOTU" S8
We=0) X:=23

' FILLDA(A:AHE:FARJUM.ARSTUR;NUMBER)}"'ﬁ'

Wiz=l13. X:=2+Z3 : T
. FIELDAC A ARE, FARSIM, /\RJIURJNUMBLT\)E o

YIF COUNT<NUMBER *THEN" "G'JTU" S'T' A

. BLOCK s =BLIICK+ 13

P YRR X=1 MSTEPY "UNTIL" lN+CN:

Z+§USTEP® 1 “UNTIL®" 7+PN+CN DT

CCOMBEGIN' "IFY BINCX1=1

.;""FND"

"THEN' BSTURE(C, C»CS 51U, C‘BUM: $50C)
"EL SE' BST(]RE.( P Py P35 UVI: F'SU’V!; SSQPH

“IF' AREA= 0 “THEN" "GO T 56. 1‘

L We=03 .
L FOR Xi=W "STEP" 1 "UNTIL" w+1 "DU" P
BSTURE(RR.ARSTUR:ARSUM,PARSUM;SSGAR)! e

SOMGOTOY Sés

L WPRINT™*“L4* FIRST DETEGTIUN 1rth~:*
- NGRTU Sits |

sn:”

si2:

. _"IF"' BLOCK=0 "THEN" *Gi1TO" bl‘li ' T

Wi=(3 Ft=13 Gi=iPN+CNi

Wi=13 F:—Z+1: Ge=Z+PN+CN3
"PRINI""La‘ SECOND BETECTIUN Lt.UEL‘

1-‘-.‘

WIF" GN=0 YTHEN® “GOTU™ S125°

CPRINT" *L4* CUUNT .54 S1ZE*56* MIAN ‘56‘ 51D DE V"

YFUR™ X12F “STEP" 1 “UNTIL"™ G *'DU""

“BEGIN'™ "IF* BINCX)I=1 "THEN" QUTPUT(C VAL: CSLM: '%SOC: BLDCK) l

!lEN D“’

 "1r" PNS0 PTHEN" “GUTU™ S13s

“PRINT' *°L 4* PROJECTED LENGTH ‘L S4* SIZE” G‘MFAN ‘56* STD DEV*)

“"FUR' Xi§= FoUSTEP'™ 1 “UNTIL' G DU

YBEGIN', "IF" BIN[XJ 0- “THEN" DUTPUT(UAL: T’SU‘-‘I: aSQPp BLCICK)S

"END"’ ‘
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NENDN
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“IF" AREA=D "THEN® “GDTI™ S1as T
MPRINT' * *L 4* ZAREA ‘LS4 MUAN *56° STD nLv~ B
Xt=W) . S
QUTPUTC TTs ARSUMS SS0AR, BLIICIK) 3

"IF" W= "nNu" BLUICK>0 " THEN" "GUTU" S103

MPRINT' SEEN
*L2*NUMBER OF FIELDS nLﬁhth‘.QAMLLINF.DIGITﬁ(G) SCANNEDn o
**LCNUMBER OF FIELDS hEJIDILU‘.HﬂMLLINF.DIGIIo(J):REJECTa" :
* N FIELDS WERE USED IN®, anLlINLsDIGIT (SJJU|UCKJ-:_,1,= S
*TPLUOCKS UF‘:NUMBLh»"RIUﬂ" L _ Ry I

¢

h‘AIT:
"*GOTO*™ 553
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| ¢§|rw 301

 “BEGINY

"REA|"'fH.rh.AR.Y.FAR,JniV.UATF; |

QIM301

“INTEGER™CNS PNy 1505 %s Xs Wy AREA BLUCK, GHLLICK, SCANNED: -

- COUNT, NUMBER, REJECT, SET, COUNTERS

"lNTEGEfi"f'AFQR(\Y" ACB D3, TITLECGz 151 NAMEC e 5018
“ARRAY"CS, PSL1:81, BIN; VAL, CS5SUM, GCSUM, PSILM, GPSUM, 58QC,

GSSACs S50Ps GESOPs Cr PLTE 163 RRs TTs ARES nusuw.GARSUM; ~ﬁ5

FARSUM, ARJIUR} S565N0AR, (}QSQARE 011 ‘ .
"S\\ITCH" SWe=51, 52, 535 545 5%, S0 57» 58 S‘)J -\‘ﬂ! -J‘ 1! 512:

513514 St5:, 51005173

“CUDE" "PRICEDURE® LININ(Y) 3

IOEN D’O‘

“BEGIN"

END®)

 "PRUCEDURE" BSTURL(FF.GG:SUdI.qUM .sso>:‘j ’

%

L VEND™Y

CCLWIz=BBL 4«X~117100; .
DDEWIEsCCLWI/NUMBER+DDC WIS
EE(WIt=CCLWI/NUMBER*EE( WIS

“INTEGER"*“ARRAY"Y} : >"H1‘-lf\' -f
AL GUL s . e -

PRUCEDURE® FIELDEPCAA, DBY 5

TARRAY' AN R O
“INTEGER" ARRAY 103 R

UBEGIN® AACXD: =BBLaxX= 11+ ANCK TS |

"PRUCEDURE“ FTELDACHIB. CC, l)i)a EEs NUMBER) H

TARRAY'™ CCs DU EES L L
"INTEGER"ARRAY™ BB; . ;;. DR
- "INTEGER" NUMBER: S R ST

PARRAY IS GGs SUM L SUM2, S501
SUMIIXTs=FFIX3+5UM2IX)3 :
SSO[XJ:-GGI:XJ*GGCXH “’{‘:O[XH

WPRUCEDURE" uu:vu1<rr.snM.sso,n;ucx>; 

. WBEGINY

Hi

CIEN DOO‘ ‘

"ARRAY® TT,5UM, $5Q4
TINTEGER' BLUCK: S
“"SWITCH'™ SWi=sHs
UPRINT™ “L**s
MIFY TTIX)==1 “THEN"GUTU' H} -
YPRINTY HAMLLINE:ALIGNLD(S:l).Tl[K];"52“3

CUPRINT' SAMEL INE, ALTGNEDC3s 435 SUMEXIZBLOCK

MIF' BLOGK “GE™ 2 “THEN®
MBEGIN'

YezC¢5500X1~CCSUMEXInS UM[x))/nlUCK))/(BLUCK-I):

COMIFY Y YLE™ 0 "THEN' SDEVi=( .

' WELSE™ SDEVt=SORT (Y>3 N
"PRINT" SAMEL INE, * '53‘ ‘s AL.[GNED( 3: 4): SDEVI

.'END!" ° )
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St

-“f"GUTU“ 523

§3t

s2:

MIF" GSL11=PSTJ) "THEN""HFGIN" BINCT+J- |1:=| nlNc1+JJ:-ﬂa?an
: S . VAL Lt+g- Il:=Cb[13I L

[ o I UALCI+J]:=I$[J]:

: : o SvGITUT S0

LR csc11<P5tJ1 "THEN"“UEGIN" BINCI+J=11

NUMBER$ = AR/FARS SR | o

BINCINJT1208 VALLI+J1:=PSCJ3s

. qoeol

"RIAD"IJQTF:FW{,Ph.;\h.LNI : ! ' : L
MFUR'™ Ti=1 "STEP' 1 TUNTIL® CN "UU" "H‘u’\u" Cb[l]l
"READ'™ PN3 _

SEFOR™ Jr=1 “STEP"™ 1 "UNIII" PN "DU" "hth" PHEJ:;
YREAD' AREAS SETS L ' ,

Ki=13 ' : ' C

YEDR™ Xt=1 USTEP™ 1 “UNTIL'™ SET+1"DUY
INSTRING(NAME, K ) 3 . '

FARtsFH*F W}

"PRINT" L* Dﬁ1l',5AMILlhIpAIIGNID(G,H);Dn1L Sh R L
PALCFIELD WIDTH & HETGHT Y ALTGNEDC 12 2), Fk;FH:f MMS‘
CPLCEXAMINED AREA*, ALTGNEDC 1, 2)0 ARy * SO MMS‘ i
‘Lt UN& D[I!C1IUV IFV[L UNLY" o

WAT T

[12Ji=03, _
WIFY 1+J=CNA PN PTHEN® “GUTL" 55 S
“IF" CN=0 MTHEN"UBEGIN™ Ji=dv 1) BINEJ 1203

. VAL PSCJ]; "bUTU" st:;“f*fhfﬁ
| . CENDT e BRI
“IF" PNz( "1HLN“"HEUIN" L=1+13, BINLI] |;ni D
. VALCT)s CS[I]: "OUTU S13 b

"EN D!l s

TIEY O T4J=2ONAPN. THEN' TGUTUY S53
COMIEM [=CN THEN'™ “GUTUT 835
CMIREY L J=PN "THEN""GuTLP' S43 -.‘.f T

Jizl+11 ‘

i.J:=J+n

MENDYS

3313 I
-\JﬂL[f"xJ'l 3203[11_3.“'
=d“|i T

"ENU"'., _
HELSEYTBEGINY BII\EI‘FJ- l] [)l o
: VAL LE+ )= 132 2PSTUYS
‘ BEEILE NI R R RIRE

.=\J+l’

“IF' J=PN "THEN" "GUIU“ 55 "LLSE" "GUTU" 533
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.Simi 

s4:

B 7. TS
B ¥,

QTMI01

SERYRRTY ’ ‘ L ’

BINCI+J)t=13 _VAL(I+I]'=CHEIJI

"'})RI NTI-I » ‘l.. ()! Q‘}

BENTEY PR SERY

lN%1RlNG(TITLFpJ)S

- WALTS

fs;e:A

CUUNTER:=GBLUCK =03 L
RREOJE=RRE1Ie =03 TIC0)e=TT01des=13

MFUR O X$=0 USTEP” 1OUUNTIL® 1 DU

COTHEGINY S e
ﬁnRSUMCXI::bbquRLXJ =03
S “END™S o
"FUR' Xi1=1 "STEP' | "UNTIL" PNECN DU
o “BEGIN® R
GCSUMIX ) =GPSUMEXT:=GSSACIXT

MEND'S

' _c.}c“n’
.UUISTRING(TI1LL’J).

S UPRINTM LY
‘i;.uu1s1R1NﬁcNAwL.x);

SCANNEDt=REJECT: =1LUCK 1 =03
CUUNTER:'CUUNYER*I!

'"Fuu" Xt=0 "STEP™ 1 "UNTIL'™ t *bBU"™

SUPF* [=CN "THEN" f'GU]U" 5.‘)‘"!_!_.5[:"."0”1[.1" 5"” SR

HGSSOPLXITE0s .

WBEGIN® ARSUMEX1:=FARSUMIX 125 S SQAchjsznijf‘”"'

MENDTS

COMFOR™ Xp=i MSTEPY 1 MUNTIL™ PNACN **DU"

LININ(A)n T

“HBEGIN® CSUMIX]:= pquwrx1=-ssoccx1=-ssopcxzzan: B

HEND™:

¥

ARSTURLN1:=ARSTURC11:205  CUUNT:=08 &
COMFUR' Xt=] “STEP™ | “UNTIL"™ PN+CN “DU*.

"BEGIN CLX1t=P(X1:=03
"END'S ‘ S

CUWEEY ACOIE1 CTHEN' “GUTUMSILS

 COUNT:=CUUNT+ 13

WIE' ACOI>1 MUR™ ALIT UNE® PN+CN+AREA+I . )
: ) "IHEN" “BEGIN'' REJECT: =REJFCl+I!l

"GU1U" 583 -
“END'3

" SCANNED?=SCANNED+ 13

HEN D"l

OFUR' Xt=1 “STEP™ 1 UNTIL' PN+CN "DU"
| MBEGIN S

PIFUBINCXI=1 "THEN" FIELDCPCCrAY
- MELSE® FIELDCPCPs A))

- Iog

A




S QIM301

o en e < map eag  ©  PT g st TRTE S n

S OMIF'™ AREA=0 “THEN® “GUTU™ 5§93
L Wi=03  X3=PN+CN+AREAS

10
1
!
Ty
1

FTELDACA» ARE, FARSUM, ARSTUKs NUMBERY 5

e e -

? 59y.'WF" CUUNT<NUMBER CTHEN" "ou1u" 583
-~ - BLOCKt=BLUCK*+ 13 -
. III“Ulzl. ) x:- l l.s‘l EIJIG l IOUNTIL’OI‘ I)N'.' CN IIDU.U 7 ) ‘ I
CREGIN® : o

{ -

L eTEeBINIRI = "THEN",051URh(C,c,cuUM, SUM, $50C) ‘.,N-.;
| . ' “ELSE' BSTURECP, Py PSUM, PSLM, §50PY 000 )
| ovENDY L SR
S0 OMIF" AREA=0 “THEN' "GOTU" S103 '

1 Xt=W) " o

. BSTURECRR» ARSTURs ARSUM» FARSUM» SSOARY -

'SJO: GBLUCK: =GBLUCK* 13 , | :
©“FOR™ Xa=) “STEP™ 1 "UNTIL'™ PN+CN *DO*
L BEGIN® | |
W MIFT BINCXT=1 “THEN® BSTURECCh Cv GCSUMs GCSUM, GSSOC) |
S , "EL SE" USTURE(P,P.GPSUMpGPSUM:GSSGP)I -

L. '.tNIJI.,

. MIF' AREA=0 "THEN" wGOTU™ 75

. XizWp o . -
BSTURE(GARSUM.ARSTUR.Gnnsuw.nRSTUR.GssoAR):.
"GUTU" 573 ‘ |

Sl "IF" BLUCK 0 THEN" "GUTU™ S143° - - . ,;‘f‘rf'qﬁfﬂf;ff
. MIF'" CN=D “THEN"“GUTU 5123 o SR

o MPRINT™®“L4* COUNT *LS4* S1ZE *S6°MEAN *S6° STD DEV*

G OMFUR™ XE21MSTEPY 1 "UNTIL®CN+PN DU R

© 7 MBEGIN' “IF' BINCXI=1 "THEN" UU1PUT(VAL cqum.ssec.BLUCK)s
- MEND'™s _

- S12t U pN=D CTHEN"CGOTU™ §135 | | SO
L “PRINT"*°L4* PRUJECTED LENGTN ‘LS4* SIZE *56*MEAN se‘sru DEV‘
0 “FURTXE21 YSTEP™ 1 “UNTIL' CN+#PN *DQ" "

; S MBEGIN® UIFM BINCXD=0 MTHEN' UU1PUT(VAL.PSUM;SSQP;BLUCK):

| o MEND™

813?.”lF"'AREA=0'"THEN""GUTU"_SIﬂ: S

3 "PRINT""LA‘ZAREA’LSA‘MEAN‘SG‘STD‘DEV‘I‘V o

X1=Wp I e e
-UUTPUT(TT:ARSUM.SS@AR;HLUCK):' S SRR

~




" S16: vrF" AREA =0 “THEN" wouTO® S1T5

Qimsol e

© Gl4:! “PRINT”
‘ |
|
!
i
|
|

C *MSFIELDS WERE USED IN*, snmrt1NE.DIG:TS<3>,n1ucwo

"MﬂﬂSUP:MWHm?ﬂmH‘“” S

“IF* CUUNTER "NE™ SET R

CTHEN® "BEGIN'' WALTE "GJTU" S63 .
COVEND'3 RN

=

YIF™ BLUCK=D "THEN® “GUTU™ S173.
Jr=103 ' ' L
UUTSTRINGCTITLE,» JY 3

HPRINT™ L s

JUTSTRING(NAME » KD 3
COMIFY CN=ZD CTHEN' “GUTO' 5153 '
-"PR!NT""L«‘CUUNT’LJA"TZE'56 MEAN'SG‘SIU DEV‘
“FUR'™ Xg3=1 “STEP" | "UNTIL®™ CN+PN "uu"
YREGIN® "IF" BIN[X)=1

“THEN' UUTPu1cVAL,uc%UM.Gssoc,GBLUCK):

“OOEN Ull,

SIS IFY PN=0 "THEN" "GU]U" 5163

YPRINT" *°L4* PRUJECTED LENGTH "LLS4" 51 ZE. “56 MEAN 56' STD DEV' g

“FUR™ X$=1 "STEP" 1 “UNTIL' CN+PN "DU"
CMBEGIN' CIF' BINCX)=0 - o
“THEN® UUTPUT(VAL:GPSUM:GSSQP GBLUCK):
MEND*

MPRINT" *°L 4" ZAREA ‘LS 4*MEAN “56° STD DEV* S
D S 1) R
',UUTPUT(T]:GARSUM.GSSQAR.GBLUCK):
| S17: “PRINT" jfalnu";
WALTS IR
|'GDTO'O SS’ C . . ..,

"EN_D“I

“lgoo

e B NUMBER UF FIELDS SCANNED® » SAMELINE.DIGITSC3)s SCANNED,
e LSNUMBER DF FIELDS HLJICl[D‘;SAMLLINL.DIGIIu(S):REJECTn; '*.F
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! Q401 : R
- QTM40l; -

j"BEGIN" "REAL® FHs FWr AR Fs Gr Y5 FARS SDEV, DATE 3 ,
L, - "INTEGER"CN, PN, I, » S Ks Xs Zs Wy AREAS 1.UCK» GIIL UCK ) SCANNED) RER
| - COUNT, NUMBER, REJEGT, SET) CUUINTER; L
L ;i- _ "INTEGER""ARRAY" ALD: IJUJ:IIFL![U:IbJ:NﬂMfEU.JDJJ i
E 1

i

- "ARRAY"CS5s PSC 1281, BIN, V VAL« C5UM, GCSIM, PSUM, GPSUM, SSQC - S

R S - GS5QC, 5501, 65501, c.vt1.311.RR,TT.nRr.ARSUM.GARSUM.;g:

R _ FARSUMS ARSTUR, SSOAR, GSSOARLO: 113+ SEERE

[ R "SleCH" SWei=S51, 52,583, 54, 55: 56, STs 58, 5%9; S10s f)lll 5]2’ ,_;éi
513,51 4, SIJJ 5'6: 51 7.0 5]8: 5[9: -..h..ﬁs SO“ 5220 ‘ VR
5233 : L

: “CUDE" "PRUCEDURE" L.ININ(Y)I

R "INTEGER""ARRAY"Yz
"ALGL]L": :

R _“PRUCEDURE" FIELDCPCAA, BI3) ;3

AERTUEE YARRAY'™ AN; ‘
- "INltGFR""anAY" Ri3;
- "BEGIN™ AACX]: BBEMK-IMAA{XJJ
LVENDTE = g

T "PRUCEDURE" FI&LDA(HB,CC.UD,FE,NUMBER)S
N "ARRAY™ CC» DD, FES
"INTEGER"“ARRAY* BB3
L : MINTEGER™ NUMBER: .
o "BEGIN" CCLWI t=BBL 4%%X-1) /1003 AU
- . DDCWI3=CCUWI/NUMBER+DDC WIS . .
EECWI1=CCOWI/NUMBER+EEC WIs

‘ COENDO|’

|

"'PRUCEDUR‘E" BSTURE( FFs 6Gs SUM 1, SUM 2s S.S(J)}‘

R | ARRAYUEF, GGy SUM L, SUM2, S50
1-)13.ﬂ CMBEGIN® SUMILX)3=FFECXI+SUMREXIS.

R LsschJ==Gccx1vcbtx1+ssocxls__V
o4 VEND'™

. -"PRUCEDURE" UUTPUT(TT:QU4;SSQ:BLUCK)J
Lo - , "ARRAY* TT, SUM, 5503
f1 RS . "INTEGER® BLUCK:
ST MBEGIN' “SWITCH' Ske=H
: }1. - CMPRINT® *o 0
{
i

"IFM OTTIXI==1 "THE N'"'GU'IU" H3 '
_ "PRINT' SAMEL INE, ALTGNEDC 5p 1), TTLX), *"32%4 ;-
Hi. “PRINT" SAMLL[NI.ALI(:NFD(C%: 4) SUVlEX]?ﬂl UCKI
‘ “IF" BLOCK “GE' 2 “TH[N“ _ ’
MBEGIN' '
L Y:=(S550CX)~ ({SUMEX]OI‘KUMCXJ)/H} UFK))/(BLUCK'HJ
- "IF" Y “"LE" 0 "THEN" SDEVi= :
' “ELSE' SDEVi=SORT ¢Y)s - :
L ‘ "F’RINT" SAMFLINF » "‘SS"a ALIGNEIJ( 35 4, SDEVi
! T -t PEND'S ) o B
. HENDU‘Q‘ ) : L 7 T
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L FAR$sFH*«FW3
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.oIPRINTn 2o SPDATEY » SAMEL INT s AL T (;N[-‘U( 6s N> l)f\ ”.J -
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VALTTI+J)t=VALTI+J+2)2=2C50133 sl
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SOMIFY ALO0I=1 CTHEN “GUTIUS133
CUTFT ATOI>Y COR™ ALID UNE' (242041

“THEN®' "“HLEGIN' REJECT: =RLJL.LI* )

“GUTO. SBS.
YEND''3 -

CUFOR' X$=Ze1 USTEPT 1 “UNTIL™ 242 “DU
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ST GUTO S5 -
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~ “BSTURECRR» ARSTOR, ARSUM, FARSUM» SSOARYS -
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"BEGIN" "IFII UIN[X] 0 )

: : “THEN" UUTPUT( W\La (:PSUM; G.:SQP: G [JCK) 3 "
' "END"l : ‘
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DETAILS OF COMPUTER PROGRAMME QTM1OZ2 AND 202
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P FIELEC
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P FIELDA
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PRCGRAM
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Appendlx 4 continued
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‘BSTUR&(RRoARSTURaARSUWaPARSUW:SSOAR)I_Vw

MEND™

v

MTHEN" FLELDCPCC, AY © '
MELSE™ FLELDCPCP, Ad: .

1

QIM1O2

"GUTU 573

SUNTIL™ PNs+CN DO

SUNTIL' 5 by gs

"UN]IL" l’i\*-CN "DLJ"‘

UTF' BLUCK=0 "THEN" "CUTU" 5123

MIEY CN=Q0 “THEN""GUTY S103
UPRINT L4 CUUNT "L S4* SIZE *S6° MLAN‘SG‘STU DLV‘

L MFUR" Xz 1USTEPY |
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Appendix 6 continued

QIM 202

+ WARNING

Y

P FIELDC ADR 43
E ADR 62
P FIELDA ADR &4
E ADR 111
P GRADER ADR 113
B ADR 143
P BSTORE ADR 145
B ADR 177
P QUTPUT ADR 179
LH ADR 216
E ADR 280
JX ADR 280
L ADR L7
E ADR 502
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E ADR 560
B ADR 595
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E ADR 707
E ADR 761
B ADR 808
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L sk ADR g5k
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E ADR 1024
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B ADR 1063
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F ADR 1814
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| N | i L
Sl UBEGIN® USWITCH™ SWi=ils : S
S U MPRINTT Lt C Ce
ol ME TR Ee ) UTHENTGUTU H RN o
L C WPRINT" SAMEL INEs AL LGNEDCSs 13, TTCX1s ##82%43 © 00 7
w L Hpo UPRINT' SAMELINE, ALTGNEDC3, 43, SIMIX178LOCK S :}f]-']w
©M{F BLUCK MGE'™ 2. UCTHEN Ty

R B 0 “BEGIN' T
S I Yi=¢S500X1~ ((SUMEX]*bUWtX])/HIUCK))/(BLUCK-I)l -

CMTF Y OYLE™ D "THEN' SDEV: E
“ELSE" SDEV:i=SORT (¥4 b
N "PRIN'I" SAMEL INL- "QS“:I\LIGN! U( J a), SDEV‘ g
: : ; ”END" )
L YEND'3

YREAD' DATE, FHs FlWs AR, CN3 . '
SRR Te=1 “STEP" 1 "UNTI[" CN’ "DU“ "RFnu" csct];
~ "READ' PN3 H*gm¢_~u
SORORY Js=1 "STEPT "UNTIL" PN "DO"-"RLAD“ PSCJ]I U
“READ' AREA}: o o I S
© . FARiz=FHxFW3
o . NUMBER:=zAR/FARS
S COMPRINT'™ L DATE® .snﬂrLIN[,ALIGNrDc6,0>,UATE. RER
- PHLSETELD WIDTH & HETGHT®» ALIGNEDC 1, 2), Fh.FH.' MMS‘ |
PALCEXAMINED AREAS, AL IGNEDC 1, 2), AR;"SQ MMS‘ SRR
**.*TwU DETECTIUN LEVELS*: . LT C
WALTE P i

COWFOR' Xt=1 USTEP” 't UNTIL® 10 *"DU™ “READ™ LIMITSCX)s -~ °
CLLCDIsELLI6) s =03 " S R A
CULCSIs=ULltide=100¢ o

Lo MFUR® (X1aD USTEPT 1OMUNTIL™ 4 "uﬂ"‘-

I R . "BEGIN™ ULLX]: lL[X+|]:*LIMIIS[X¢I]: AR

SR - “END'; . :qzulkf- |
L MFPR'™ Xis6 "STEP™ 1 CUNTIL' 10 DO ".tg'.y R
' "BLGIN" UL[X].»LLEX+I]s*LlMITS[X13 R
Ao WALTE » o : 'f I I

t 1. Z1aCN+PN+AREA} N o . A

T 1i=Ji=03 ' ' ARFIENEY o

L8l MIFY™ 1eJ=CN+PN NTHEN® "chu" SH; . L N

\ MIFY CN=0 “THEN"UBEGIN' Ji=J+13 BINCJI2=pBINCJ+Z)s=03 -
. : C o VALLJD UhL[J*?]:=PSEJJl s

i _ "bUTU" 513 e

! - CEND'S - . P

CMIEY PNz 0 “THEN""HEGIN® Tiz1+13 HINElJ ‘nlwcr+zls-ts. SN

' - . © . VALCLD :unut:+71:=cst11s-ﬂ.

GUTO™ St o ‘-ﬂ"w

MEND™




- s4

TUeGUTU S23

3

‘.‘55:

OWALTS

Jv=J+ 11

L Je=s0s .
CINSTRINGSCTITLES DY

 SCANNED:=REJECT:=BLUCK: =03
CRRCO1$=RRO1Tt=08 TTCOIs=TIC1Is=~13

QIM202

IR 1+ J=CN+PN 'THEN® "GUTU"'SB{ -l
WIF" I=CN “THEN' "“GUTL)' 533 ,

CUIFY J=PNOYTHEN' UGUTUY S4s

Ti=sl+t3 Je=d+is

IE" CS[I]=PS[J]"1HFN" : T T
: _"ntGrh"urNc1+J~t} UIN[I*J'I*ZJ:=I};ﬁ-'

BINCI+JIz=BINCI+J+Z23:=03.

VALC [+J=133 =Unnrr+J-:+zze~csczz;j?3

VAI[I+J}==VAL[I+J+Z]‘=PSCJ]5
UGUTYY S2
“END"S

MIE CS[11<PS£J]"1HLN"

"DLbIN"BIh[I+J-l]:=BIN[I*J-I*Z]‘ali

VRN LR -
“LN Dll '
"EL q[ [

“REGIN anc1+J-11.—ulNc1+J-1+z::=0:"

VALLE+J= 1322 VAL C(+J- HZJ:-PSLH; |

: Tr=1-13
TEND*;

BINCI+J33—B!N[!+J+Z] =0y
VALLT+J11=VALL [+J+Z3:=PSTUY s

CMIFY JEPN MTHEN® “GATU S5 VELSE® “GUTU" Sap o

Cli=1413 : ,
 BlNEI+l] =RINCI+J+2]: . _
‘ VALEI*J]!‘VAL[I*J*ZJ =CS[I]3

ann I_CN HTHENN "GUTU" SJ "E..LSEV" .NG{J‘IUH 54’

N})RINT“OJLG\Q} .

Jt=0) .
UUTSTRING(TITLE:J):

l-“FUR".K:=0 “STEP™ 1 "UNTIL" 11 *pO* GRAUFEX]#GU]

"FOR' X1=0 “STEP™ 1 “UNTIL' 1 DO

“BEGIN" ARSUM[X]:“PARSUM[X]'"SSQAR[X]t‘OS :

NENDOQj

'_"FUR" XgE1 MSTEP™ 1 “UNTIL® (2eZ)-1 "DU"

"BEGIN'" CSUMIX1i=PSUMIX]s= SJOC{XIQ'SSGPCX]SHUI
“END') U ,

N
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VALL I+J-13:=VALL 1 +J -1+z:z=csc11:’Qu




: " ARSTURL03:=ARSTURL112=03 CUUNT:=03

QTM202
e sve———————

LOMFOR™ X3=1 “STEP™ 1 “UNTIL'™ (2xZ)=1 "pU*
“BEGIN' CCX):=P(X}:=05 |
MEND"S o

-'waxucamx

MIF® ALOI= 1 - THEN™ “GOTUMS9 |
NIF" ACDI>1 MUR™ ACTY MRES Cpezaed
. “THEN"" ”BLUIN"-h[dLCi.-REJLCT+l:

- , SreuTatosTs
. - ~ UEND™S | .
COFOR™ XpaZel CSTEP 1 CUNTIL™ 2#Z "DU

L OBEGIN® AL 4%X-1)1=AL AxX= 1] = 0L 4% ( X= 2)-11s

“IF" A[4«X=11<0 "THEN" :
“HEGIN' RLJEC]:=hFJECT+I.‘L _=
"GUTU' 575 PR
o “END'3
L UYEND's

 CUUNTt=CUUNT# 13
SCANNED? = SCANNED* 15

UUMFURY Xi=1 “STEPY 1 YUNTIL® PN+CN,

L MBEGIN®

Ze 1"STEP™ 1 “UNTIL"™ Z+PN+CN “DO" .

SIFUBINCXI=] "THEN' FIELDGPC Gy A)
o ‘ MELSE" FIELDCPCPs A)
MENDY - o

L MEY AREA-O “THEN" “GUTU" S8s

Lo Wi=03 Xi1=2Z3 ' SR
R FIFLDA(A:nRr:FARSUM:ARoTUR;NUMBER)}“"

PFOR' Xt=0 "STEP" 1 “UNTIL® S DO

. GRADERCARE, GRADES UL, LLY 5

. Wisls X:=2*Zl

"1FtELDA(A.ARE.FARSUM,ARJIUR.NumaLmaz

Cee ."FUR” x:_(’ us'ltpu 1 nUNrILu t‘ NDUH‘.
"GRADER{ ARE, GRADE» UL.LL Y3 -

YIFY COUNT<NUMBER "THEN* "GUT" 573

BLOCK t=BLUCK+ 13

"FuR" Xi=1 "STEP'"™ | "UNTIL"™ PN+CN, .

ZHIMSTER™ 1 "UNTIL®' Z+PN+CN "DU”

"BEG[N" "IF BINCX1=1 ‘ '
“THEN® BSTURECCs C» CSUM, CSUM» S5GC) , ‘; _
“ELSE" BSTUORE(P, 7 PSUM, PSUM, SSQPY &

"LND" e, :
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. QTMZ02

“IF™ AREA=D “THEN" “GUTO™ 563
; ! Wi=0(3 : )
L UFUR™ XisW YSTEP" 1 SUNTILY Wel “DO* .
) BSTUR&(RR.ARSTUR,ARSUM.FARSUW,SSOAR):

! "GUTU" 5673

S9:  IF* BLOCK=D "THEN® “GUTH" 'ildii o

We=03 Fis13 Gi=PN+CN3
CUPRINT® * L4 FIRST DETECTIUN l.FVhL
TGOTU St

|

i
s ' .
. SIO: Wi=13 Fs=zZ+13 63 Z+PN+[“N, _
R | . "PRINT""LIJ‘ SH CL}ND DETECTILUN LLUI:L‘ 5

COSIE PR ONED O UTHEN® "GOTU™ S123 C
O UPRINT" * L4 CUUNT "L S4* STZE “S6MEAN *S6* S T DEV*;
P "FUH" x‘...‘;" NSTI"IJ"' "L}N’l IL” Cl "DU" T '. V : =
- C'BEGIN® ™IF* BINLX)=1 *THEN" UUIPUT(UAL rsuw,ssec,BLDCK): Jﬁ:f*
.:UIENDOI‘ . ) T

S[2:IF" PN=0 YTHEN" “GATU™ 5133

CMFUR™ X42F YSTEP™ 1 “UNTIL' G "D - °

i MBEGIN' “IFY BINIX1=D “THEN® uU1PUT(VhL,PSUM,SSOP:BLUCK): DR
HEND'; ‘ . | LS r

osl3: "IP" ARLA 0 CTHEN' “GOTO" 014;

e "PRINT”“'LA‘?ARLA'LSA MLAN'QG‘STD DEU‘
CXKi=Wio
“UUTPUT(TT:ARSUM.SSOAR,HIUCK):

- Sl4: wppv =g vaND* BLUCK> D ”IHIN" "ou1u" SINER
.‘.”PR[NI” ' o
L fCL2YNUMBER UF FIELDS SFANVLD‘:QAMLLINE,DIOITu(G):SCANNED;a o
*LYNUMBER UF FIELDS hLJ&C1LD‘:onMELINL,DIGITS(G).REJEGT:r*
. "PLSFIELDS WERE USED IN*, QAMLLINL»DIGITS(S)nU!UCK: o
SR BLUCKS UF*» NUMBER:

COUFUR' X120 “STEP" 6 “ONTIL™ 6 ﬁuu"
MBEGIN®

MR X=0 UTHEN™ UPRINT™ *L3°FIRST DETEGTIUN LEVEL® . o
- MELSE' “PRINT' *’L3*SECUND DETECTIUN LEVEL*3 = .
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’END“J':
y; g .

> |
Lo
‘l
A

- MPRINT™

: "EN DN

C L2 NUMBER
. "L GRADE
ST PLY GRADE
**L*GRADE

. ""L*GRADE
“* 'L GRADE
?’L*GRADE

UL —-—D

"PRINT“"Rlna“a;-553"<*:.

wan: o
“GUTU“ Sbl

QIM202

¥ FII!D“‘

L]
L
LY
L)
L3
0

' SAMEL INEs DI GITS(3Y» GRADECX], .
» SAMELINES DIGITSC3) s GRADEC X+ 1,
» SAMEL INES DIGITSC3) 5 GRADEC X+ 2],

,SAMELINE;DIGITS(S)»GRAUE[X+331?11:;f:;f""
» SAMELINE, BIGITSC 3% GRADED X+ 41, 5 % o,
;SAM[L[NE:DIGITS(J).bRADL[X*SJ{“ ’
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QUANTIMET DATA FORM

}
APFENDIX 7. _. : i
QTﬁ 101 single data tape:. |

one detection level ............; 11O TIOITETIOIOI01|O

QTM201 Single data tape:
two dEtection level..........u-- [ I O O O l O o l I O I l

|
E
|
QTM301 Set of data tapes: . m
1
|

one detection level.,sveceessnnee f{1iolololit{tioftiotititt

QTM401 Set of data tapés:
two detection 1eVelooo.oooevooo-u l I o l O l O O l I O O I

QTM102 Same as QTMIOl but with e
frequency grading of percent area {11010

@)
&)
Q
O
@)

QTM202 Same as QTM201 but with
frequency grading of percent area | {1 {1 |OJO i1 ip b LjLgl

Me thad

Enter QTM programme at 83 at first stop, re~enter at 1ll; 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:- T

1. Date ] l T1 Numhérg ?nly .

2.Fiaeld height

3,Field width

4.Area, ko jbe

5. No. of count l | | i
ooyt e i o T L
[ ] =1 o1 ool C—] 7

Lt 1

Use a 0 for PO
Leave blank if there are no projection counts.

Example...[ _Q L2 *

Leave blank {f there are no counts :

70 No. of ) |
RE3egted . | |

: Proj. sizes l : ' ‘ l o

9. percent - : ' |
Farea

1 if areas are present}
0 if areas are absent.
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Second data tape is entered at 9.

1. Title of QTM data tape

'QUANTIMET. DATA FORM __CONTINUED

v l,
- QTM101 QTM301 QTMY02
QTM201 QTM401 QTM202
Re~enter-at 9 ‘
10, No. of tapes 10, First detection level
that make up a grading ‘limits*
11 L P
11, Title of each 11. QTM202 only. Second .
tape making up detection level grading
the set, limits,
12&11 together Y; ' .
can take up to | _ . l l
about 140 charact 7;
ers and spaces, 12. Two spaces to end tape.
12, Title of the gat " See below for
/ "explanation,
10. Two . ‘ g
apaces to] 13 Two spaces to‘e?d-éa
end tape,

[

2. Two spaces to end tape,

Up to 46 characters and spaces etc,

QTM data tape follows and must have a halt code { TC3 on ICT 1905) at the end

aof each tape and is entered at 9.

For subsequent QTM data.tapes, it i8 only necessary to re;entgr a second data
tape at 9, unless the preliminary data in the firat data tape needs revising,

* Grading

.Grade 00--.00..00 <a

Grade
Grade

Grade

Grade

Grade

levesso 2 a G

‘2.ool.lo ; b <c

3-0-00. ; c <d

‘AOCI.‘.'O ;d <e

Seersvecsnei be




YYY 8 . ..,.. - B e’
soee " eoon - et m
e esamsoivened sessssssese e reeedesnee G
22358 =
0000 - T3 200ad s i i -~
0000 0000 00000 MU.,QQWH ©000000 =
5000 sesesesssser ) . O
0000 © ce00008 Q
.-...............'
. 0900 @ 7T - 0006000
. i : F
| | 0090 o a131d 40 aN3 o
. oo0000 00 ©OC . < i eecoo i " ooocece A
vYE . ‘ ‘o000 = e
— 60000000 ‘0000Q@ : p2 1]
Temessssseneyr 'EEEEEEEN NN esssse s w |
{ s0000 00 00 00050009 eoo00e o
| cocoe oo oo 6C000000 OIS )
ﬂ ceccoco0 00 00000000 ecaee T 00000060000 anl
e " T i { o 000 ©9 leoesocsssnssnsnsecsse 1
o 00000060000 " oo
A hsesssasasnes P
- T eoo eo0o " MM" ““ X 40 aN3 R
i 0O oca . _0e8 eooco0d o €00 e8¢ . -
1 ooeccoeo: R 299992 a o
! e006C000 jeeevecseree poeeceere Z
S | sse 29 33444 Al 1§
{ ™ ° - al 4
: <

Y|
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-APPENDTX 9

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

Percentage area, Count.

Sample¥ Freguercy per 100 fields, Mean: No ? than (x1o'2) f

ZO 0,03={0.20=10,55= 1.20; 4 Meanp{ 4 g 3.0] 10 o) 20.0. §

O34 0.20%) 0.55%11.20% 2. 70| 2,705 (X107} (1) D07t e | peme

3 ; i

1 %l & §. . . . 116y 764 84t . . . ‘
2 96 | 4 . . . . 124 {108 4, .
3 80 | 16 L . . . 320 | 160} 20 1 , .
lE 88 12 - - » L] 168 108 L}O [ 3 -]
5 9l 3 1. . . . 8o {108] .1§. .
6 100 § . . . . . 32 | 100 el .
7 96 4 L ] - - . 6}+ 1 1 2 - * L]
8 100 . . . . . Lh 80 o | .
9 92 8 . . . . 76 { 104 R .
10 92 8 [ . . ] 6}+ 76 LI' [ *
M 92 8 . . . . 56 76 L1, .
12 100 - [ . [ ] . 2"“' 76 - [ L4
13 8t 20 . . . . 172 80 y{ .
14 G2 8 . . . . 72 92 e} . .
15 OO . . . . . Lo 92 P )
16 92 8 . . . . 100 | 100 81 . .
17 88 | 12 . . . . 100 | 112 84 . .
18 9z 8 . . . . 60 88 4 3, ’
19 80 20 . » * » 128 92 8 L] *
20 92 8 . . . . 76 8l 31. .
21 92 8 . . . . 92 1 124 hl ., .
22 80 { 20 . . . . 108 {112 L. .
23 96 LI’ . L) L] [ L|'8 88 [ ] [] -
2k 96 L . . . . 56 92 e | .
25 100 0 . . . . 24 4o A .
26 92 3 . . . . L8 €8 A .
27 92 8 . . . . 6k 88 . . .
28 96 L . . . . 32 a4 A .
29 84 1 16 . . . . 196 g2 e 1. .
30 88 | 12 . . . . 116 6h {16 | .
31 8!'{' 16 L] . L ] » 92 88 L] L] »
22 88 112 . . . . 132 76 8 I &4 .
23 8 | 20 . . . . 108 | 152 Ly, .
3h 96 4 . . . . 76 84 8 | . .
35 96 b . . . . €0 {108 4 |, .
36 %2 { 8 . . . . 52 | 108 A .
37 Y2 8 . . . . 52 64 e | .
%8 96 1 . . . . 32 68 O .
39 88 8 4 . . . 168 {116 | 16 | . .
Ty o2 8 . . . . 108 92 R .

* each sample made up of 25 fields, each 0.25 sq.mm. selected
randonly from edge to centre of billets on same polished surface.
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Variation on oxide counts on same surface of sample from a steel with

APPENDIX 0

average oxide content,

Percentage area.

Count.

Sample

Frequency per 100 fields.

Mean: No _than (X10.

2)

£2] 0,034 0.20-10.55-1 1.20-f ¥ | Mean
W ey b * “RY] 1.8.1 3.0} 10.0.{ 20.0.
»03%) 0.20%4 0.55%| 1,209 2,704 2.70% {(X10~ P PEN P
1e 801 20 . . o . 84 156 41, .
20 88 12 . [ » L] 92 132 - -« ]
3. 1co0}l o . . . . .56 96 - ;
L, 100 0 . . . . 64 116 R .
Se 96 b . . . . 100 136 4 1, .
6. 100 0 . . . . 56 100 11. .
7 92 8 . . . R 96 132 A .
8. 96 4 . . . . 96 128 R .
9. 92 8 . . . . 92 164 o | .
10 881 12 . . . . 120 124 A .
1. 92 8 . . . . 120 128 81 . .
12, 92 8 . . . . 72 124 R .
13. &1 20 . . . . 148 100 o | » ]
14, 88} 12 . . . . 68 136 o] . .
15, 881 12 . . . . 116 124 T .
16, 96 4 . . . . 56 116 L1 . .
17, 96 4 . . . . 8o 96 b1 . .
18, 92 8 . . . . 43 100 . 1. .
19, 84 t 16 . . . . 104 112 41 . .
20- 92 8 L] - Ld - 68 100 L!' . ] \
21, 92 8 . . . . 92 108 L . .
22, 92 8 . . . . 63 116 T .
23- 96 Ll‘ . + . . 60 96 8 - ‘.
2k, 8t | 16 . . . . 136 176 L . .
25. 8l L . . . . 96 116 L. Y
26. 8 | 16 . . . . 108 W00 | 4. .
27. 84 | 16 . . . . 192 140 81 . .
28. 8["' 16 - - L] [ ] 96 168 L] L] L ]
29. 88 | 12 . . . . 100 176 el .
30. & | 12 4 . . . 128 112 L ¥, .
3. 38 { 12 . . . . 100 148 . 1. .
32. 88 | 12 . . . . 72 188 N .
33. 92 8 . . . . 120 108 16 | . o
34, 88 1 12 . . . . 112 116 Y 1. .
35Q 88 3 . . . L] 80;_- 136 L] . -
36, 8 1 12 . . . o 72 1%6 o & .
37 gh | 156 . . . . 88 128 81, .
28. 84 1 16 . . e . 104 128 81. .
9. | 92| 8 1. A . o6 |k | 4l .
L0, w2t 8 |. . ; . . 96 172 | 4}, .

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

randerily from edge to centre of billets on same polished surface.
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APPENDTX IT

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

Percentage Area. Count.
Sample®
Freguency per 10C fields, .  Mean: No than (%1072
£0]0,0%4 0,200,554 1,20~ | Mean.mj 1.8.] 3,04 10.0.f 20.0.

0306] 0,204 0.55%| 1,20 2.7+ 2.70%. | (X20-"} s | pime | poa | poms
1. 381 8 0 4 . v 364 184 8 . .
2. 72 | 2k L . . . 316 156 §12 b .
3. 72 | 24 o] b . . 292 176 8 b .
b, 76 1 24 . . . . 240 168 L . .
5 84 | 12 0 L . . 336 192 8 . .
6. 72 | 28 . . . . 216 168 | 12 . .
7 76 1 16 8 ] R . 336 Wk 2k |4 .
8. 72} 28 . . . . 192 128 |12 . .
9. 72t 28 . . . . 236 168 {12 . .
10, 72 | 20 8 . . . 508 180 | 20 . .
1. 80 | 20 . . . . 20k 116 8 L .
12 w2 | 24 0 b . . Loz 256 | 2k L .
13. 72t 24 4 . . . 300 164 8 L .
1k, 80§ 12 8 . . . 72 252 {16 . »
15, 76 | 24 . . . . 284 8 |12 . .
16. 88 8 4 . . . 268 156 | 12 . .
17. 76 1 24 . . . . 188 188 | . . .
18. 76 | 24 . . . . 200 188 |, . .
19. 68 | 28 o} b . . Ly 176 | 28 . .
20, 72 | 28 . . . . 268 212 | 20 . .
21, 72 | 28 . . . . 260 212 | 20 . .
22. 60 | 36 4 . . . 372 280 {16 . .
2%, 76 | 20 0 0 b . 720 184 § 20 8 .
2k, 76 | 24 . . . . 256 164 )12 b .
25. 72 | 28 . ’ . . 236 14k 8 . .
26. 68 § 28 b . . . 372 240 {16 . .
27. 80 8 12 . . . 384 172 } 28 . s
28, 84 ] 12 b . . . 248 156 {20 . .
29. 80 | 16 4 . . . 288 168 |16 . .
30, 68 | 32 . . . . 236 180 8 . .
3. od | 22 . . . . 220 164 8 . R
32. 84 {12 0 L . . 560 196 |28 . .
33, 72 | 2k 0 0 1 . 712 116 {20 8 .
3}'}‘ 76 2-!'{‘ ] * ] . 208 168 16 - [
35. 638 [ 2b 8 . . . 568 228 |24 . .
36, &y |12 0 L . . 396 208 |12 . .
37, 64 | 32 L . . . Luh 196 J12 4 .
28, 8 |20 . .. . . 232 2hk 8 . .
39, 68 | 28 4 . . . Rl 204 |28 . .
40, 72 L2k L . . . 394 200 16 . .

* cach sample made up of 25 fields, each 0.25 sq.mm. sa@lected randomly
from edge to osntre of billet on same polished surface.
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AHEen x 12 12
MEAN FROJBCTION COUNTS CBTAINED ON SAMPLIS FROM

MCLEANY BILLET P587

1 bt = s e o

(

- v e

Samples &{ Projection Samples & Frojection Samples & Projection
position | (Total 1engthd position | (Total length,) position (Total length,
in billet 4 m) | in billet] Am) in billet, 4 m)
inches Mean Std, devq inches {Mean Std.dev, | dinches Mean Std,dev,
0(top) Ll 52 k1 56 %2 P82 2h 24
1 20 28 | 42 i bl L6 83 %2 28
2 16 28 43 32 24 84 | 4o L
3 16 2k Ly 48 36 85 32 22
4 32 56 45 52 80 86 36 60
5 52 224 46 4o Lhy i 87 16 24
6 20 32 L7 56 4o ;88 24 20
? 32 L8 48 L 64 ; 89 2k 32
8 20 28 ] ity 40 90 24 36
9 28 26 | 50 24 28 91 24 96
10 24 z2 51 36 22 92 20 28
11 36 48 ! 52 64 40 | 93 12 20
12 2l we 1 B3 |60 204 ok |20 36
13 32 64 54 Lo 52 95 12 20
14 12 20 55 76 48 96 | 16 16
15 32 52 56 52 60 97 28 28
16 20 48 57 60 6l 98 20 Ly
17 24 L 58 24 48 99 28 8l
13 28 2 59 100 24 60
19 60 76 60 32 28 101 36 56
20 32 6L 61 68 132 102 | 24 32
21 48 88 62 56 68 103 16 16
22 32 L8 63 Ll 72 104 28 2h
23 16 2h 64 36 36 105 | 32 36
24 16 28 65 48 52 106 72 56
25 12 2h 66 56 52 107 68 60
26 28 4o 67 Ly 116 108 4o 4o
27 48 120 63 32 48 109 § 20 20
28 20 28 69 56 Lk 110 92 52
29 16 akL 70 64 48 111 56 48
20 L8 48 71 56 26 112 | 48 L
21 32 L 72 60 48 113 32 Ly
32 Lo 6l 73 76 52 s L Y 36
23 24 24 74 Lk 22 115 40 32
3kt Lo 4o 75 48 64 116 | 24 36
25 32 Lg ! 76 48 4o 117 20 28
26 28 % | 77 12 24 {118 28 28
37 32 56 78 28 32 I 119 20 24
38 L8 LU 79 16 32 120 28 56
39 20 20 80 52 L 121 Lo 52
40 28 3% 1 81 24 22 bo122 28 4o
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Appendix 12 (Contd.)

Sample &

[P

Projection Sample & Projection
position |(Total length, position (Total length,
in billet| _®m) in billet _dam)

inches Mean Std,dev, inches Mean Std,dev,
123 28 36 168 24 24
124 24 28 165 2L 22
125 20 24 166 52 Ly
126 24 22 167 by 40
127 16 20 168 32 64
128 24 64 169 48 26
129 32 28 170 22 22
130 24 2k 171 48 48
131 28 28 172 56 Ll
132 20 36 173 52 64
133 20 36 17k 48 56
134 16 20 175 36 32
135 12 48 176 140 300
136 12 28 177 84 116
137 16 28 178 52 hi
138 12 28 179 48 4o
139 28 48 (bottom)

140 24 2h

1 24 24

142 28 32

143 28 24

144 34 Lo

145 52 60

146 %6 52

147 %6 32

148 22 22

149 28 28

150 Lo Ly

151 2k 20

152 Ll 32

153 16 2k

154 22 32

155 28 28

156 36 52

157 2k 20

158 20 20

159 20 24

160 28 28

161 36 32

162 52 Lo

163 Li 124
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. AEE dix 13
MEAN PROJECTION CUUNTS OBTAIN"D CN SAMPLES FRCM YDIRTY'™ BILLET T369

s e b i s = a4 - o—_—— -y .-

]

| Sample & Progection ! Sample R Froaectlon i Sample & Projection
i position (Total lgth, } position (Total 1gth, | position (Total 1gth,
b in billet, m) ‘ in billet, /Afm) i in billet, '/?m)
inches Mean Std,dev,! inches Man Std,dev,) inches Méan Std.dev,
1
0 36 112 4 60 68 82 4o 32
1 32 92 l 42 72 52 | 83 £0 40
2 32 60 L3 80 52 84 Lk 32
3 32 84 Ly 26 Lo 85 52 Lo
L Lo 60 Ls 38 72 86 84 76
5 64 120 Lg 100 56 87 40 40
6 4o 60 Lo 92 92 88 64 108
7 34 164 48 56 hi : 89 76 L
8 32 Ll Ly 60 124 90 Ly 22
9 20 24 50 56 56 91 4 32
10 60 96 51 80 48 92 6k 88
11 Ly 4o 52 60 148 93 -122 88
12 36 52 53 68 14k 94 188 104
13 L8 36 54 108 72 95 72 52
14 60 116 55 76 116 96 124 52
15 4o Ly 56 64 Lo ¢ 97 100 68
16 4o 32 57 52 L 93 88 60
17 83 76 58 120 75 99 1oV 9o
18 4o 60 59 56 4o 100 76 52
19 28 28 60 28 28 101 56 36
20 32 56 61 28 24 102 36 36
21 32 56 2 6 Lk 103 172 80
22 28 36 63 88 Ly 104 52 32
: 23 L8 84 6l 76 56 105 28 24
P2k 4o 32 65 56 96 106 36 52
25 2l 36 66 88 56 107 72 72
26 28 24 67 104 60 108 AL 152
27 20 20 68 36 32 i 109 60 56
28 36 28 69 88 76 | 110 by 36
29 84 148 70 Lo 32 111 80 68
30 36 28 71 2 72 o112 72 %6
31 36 68 72 116 72 io113 L0 Lo
32 LL by 73 Lt 48 114 132 292
p 33 20 20 Pl 80 Ll 115 34 32
i 34 Ll Lk 75 4o 32 116 52 4o
'35 120 92 76 116 120 117 Ly Lo
i 36 8l 56 77 48 Ly 118 52 40
P37 52 Lo 78 76 60 119 72 L8
;38 8o 72 79 Lo Ll 120 60 Ly
I =39 6l 68 80 60 52 121 L 28
¢ ho 96 52 81 52 hk N V-7 56 88
; a ;
! : ;
continuedssssecsr
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Appendix 13 {Conta, )

- —— ALt £ Ee a4 Wt 1 L A 8 e o+l ks

Sample & Projection ¢ Sample & Projection
position (Total length, position (Total length,
in billet, A m) in billet Adm) |
inches Mean Std,dev, inches Mean 5t4d,dev, ]
123 &4 ko 164 84 52
124 Ly Ly 165 76 8L
125 88 60 166 84 120
126 Li 104 167 &% 64
127 2k 32 i 168 60 .56
\ 128 20 L i 169 104 192
129 60 L 3 170 6k h&\
130 116 68 i 171 a2 52
131 40 4o C 172 56 48
132 Wy o4y L o173 40 40
133 92 120 174 Lo Ll
134 132 84 175 100 132
135 52 48 L1%6 48 26
136 6k 132 i 177 68 68
137 56 112 | 178 104 64
138 104 68 ! 179 52 id

139 40 40
140 by 36
Wl | 9% 120
142 64 88 f
143 28 k4
W b2 88
145 48 76
146 32 56
147 b4 52
148 56  L4b

149 | 4O 48
150 52 56
151, 64 48
152 80 72
153 Ly 36
154 60 Lo

155 4y 52
156 by ol
157 100 20k
158 112 76

159 60 A0
160 100 60
161 52 52

i 162 60 48
; 163 84 200 i
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Appendix 14
MEAN SIZE DISTRIBUTICN COUNTS COBTAINED ON SAMPLES FROM "CLEANY

BILLET P587

Sample and Mean number/field (0,5 sq,mm,) greater than:
position in
billet, inches 3‘6f 1 19/4,111 15/1 m 20/“ n 25/!4 o
o} 2.4t 040 0,20 0,10 0,05
1 2.24 0.13| 0,02 |
2 1,52 0,011 0,01 3,01
3 1,52 0,08] 0,02
L 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
Vi 2,90 0.211 0,05 0,02
8 2,00 0.05
9 2,38 0,081 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 Q0L 0,01
16 1,96 0,07} 0.01
17 2,70 0.151 0.0
18 2,90 0,121 0,02 0,01
19 3.83 0.60}1 0,31 0,10 0,04
20 2,57 0,19 0,02
21 3,75 0.281 o.2c 0.07 0, Ol
22 2,62 0,2%§ 0,05 { 0,03 0.01
23 1.%5 0,03
24 1,54 c,12| 0,04 0,04 | 0,03
25 1,10 0,091 0,04 0,02
26 2,76 0,10 ]| 0.04 0,04 0,01
27 2.72 0,320] 0,06 0,03
29 1,22 0,06t 0,01
20 3,60 0,23 0,04 0,02 0,02
21 2,7 0,09
32 3,12 0.15| 0.0k 0.01
33 2,49 0,04
zh 3. 50 0,23} 0,05
%5 2,52 0,16 C.0k 0,01 0.01
26 2,32 0,18} 0,10 | 0,0k 0,02
37 2,82 0,08
33 L, 67 0,36¢{ 0.,11° 0,04 0,0%
39 2,27 0,16 0,08 0,04 | 0,01

235
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Appendix 1k (contd, )

Sample and -} Mean number/field (0.5 sg,mm, )greater than:
bitlet. irehos) 3.6pm | 10mm | 15um| 20unm | 254 m
Lo 2,47 0.11 0,02
b1 5.57 0,59 .12 0,05 ] 0.01
ha 37k 0,29 0.064
43 3433 0.17 0,07{ 0.01
Ll L 84 0,26 0,06 0,01
45 4,23 0,37 | 0,14} 0,06 { 0,01
L6 3.75 0,16 0,05| 0,03 { 0,01
by 5.09 0,326 0.03
48 3.78 0,09 0,01
Lo 3e52 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
5k 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 k76 | 0,%C 0,22 0.10 0,03
62 3,88 o, bL7 0,10 0,0k 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 3.7 0,49 0,19} 0,09 | 0,02
67 3,01 0,37 0.16 0,07 0,0k
68 2,85 0,12 0,05 0,02 0,01
69 5,13 0,28 0,07 0,02
70 5.28 ' 0,13 0,03 0,01
7] b, o2 0.19 0,01

‘

»
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Appendix 14 (contd,)

 pracicam S & b, st s

Sample and Mean number/field(0,5 sg.mm)greater than:
Titlet, inchos 3.6/4m E_ 10pm | 15umi 20pml 2540

72 4,73 | 0,26 0,03 | |

73 6,96 0,39 0,08 0,02 0,01
74 4,66 Q.16 0,06 0,02

4] 3,70 0.15 0,0k 0,03 0,03
7% 4,40 { 0,15 0,07 | 0,03 { 0,02
77 1.28 0,06 | o010 | o001 | o,01
78 2,90 0,25 0,07 | 0,051 0,02
79 1,40 0,90 0,06 0,01 | 0,01
80 3,59 0, 5k 0.2% | 011} 0,07
81 2,13 0.21 0,03 | 0,02 { 0,01
82 2.12 0,25 0,06 0,05 0,01
83 2,49 0,20 o.,o4 | 0,02 | 0,01
84 2,54 0. 25 0.05 0,03 0,03
&5 2,29 0,13 0,03 0, 02

86 2.26 0,41 0,16 { 0,11 | 0,03
87 1,22 0.12 0,0k ‘

88 1,60 0,20 0,04 0.03 | 0,02
89 1.78 0,14 0,05 | 0,00 §{ 0,01
90 1,65 0,12 0.06 | 0,01

91 1,06 0,17 0.10 | 0,06 } o©.02
92 1,43 .07 0.04 { 0,01

93 1.15 C,03 0,01

ol 1,71 0,11 0,04 | 0,02 { 0,01
95 1,01 0,04 0,04 |

96 1,39 0,09 0,03 0.0L

97 2,27 0,22 0,06 | 0,02

98 1,36 0.11 0,06 0,02 0,01
99 1,36 0,15 2,01

100 1,19 0,21 0,08 } 0,03

101 2. b2 0,38 0,14 0,0k 0,01
102 1,74 0,23 0,08 | 0,03 0,03
103 1,57 0,08 0.0k 0,01

235
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Appendix 14 (contd, )

a——

Saml_nl? ~ and ‘L Mean nﬁmber/ field(0,5sq, mm. )greater than:
position in e 7 _
billet, inches i3, 6ﬂm | 10 4m ! lB,am 20/,m , 25/¢spm
104 2,69 ; 0.2k ; 0,06 i 0,03 | 0,03
105 2,98 ' 013 0,0k
106 '6J3§ 0,35 0,12 | 0,02 | 0,01
107 5,33 | o4 0,20 | 0,02 | 0,02
108 3,30 0,14 0,0k 0,03 0,01
109 | 2,04 0,10 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 o.45 ' 0,12 | 0,05 | 0,04
113 3,10 | 0,1k i 0.05 | 0,01 | 0,01
114 I 5,66 | 0,14 | 0,0k { 0,03 | 0,02
115 P 3,58 éQ% 0,06 | 0,01
116 i 191 | 010 ; o0
117 i .81 | 0,09 |
118 2,36 | 0,25 0,08 | 0,02 | 0,01
119 | 2,02 ! o,12 0,03
120 2,38 ‘ 0,16 0,0k o.oi
121 2,81 1 0,15 0,03 0.02
122 | 2,54 0,06 0,02
123 2,7k 0,15 o.ot | 0,02 | 0,01
124 i 2,62 3' 0,07 l 0,01 0,01
125 2,60 | 0,% 0,03 | 0,01
126 2,81 [ 0,26 0,01
127 [ 1.n 0,09 0,03 { 0,01
128 2, 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
122 1,29 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
136 i 0,98 1 001 ; ;

continuedeeseceros
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Appendix 14 (contd, )

!

e g

Sample and ? Mean number/field (0.5 sq.mm,)greater than:
position tn ST Iguw | n] Bogm |

157 L3 C.0b 0,01

138 | L2 . 0.06 0,03

139 [ 239 | 019 0,06 { 0,05 | 0,01

140 : 3,07 0,02 0,02 | 0,01 { 0,01

141 E 2,21 0,09 0,01 §

142 : 2.80 0,06 0,02] 0,01 { 0,01

143 L 3,00 0,09 0,02 o0,0L| 0,01
| 144 i 3,61 0,13 0,02

145 i 4,66 0,11

146 i 2,90 | 0.18 0,05 | 0.03

147 I o351 | 0,27 0.08 | 0,02 | 0,01

148 % 309 | 0,15 0,08

149 331 015 0,0k

150 i k12 . 0,20 0,07 | 0,02 | 0,01

151 2,60 1 0,06 y

152 i h02 | 0,20 0,08 | 0,03

153 1.62 | 0.08 0,05 | 0,01 | 0.01

154 | 307 0.2 0,15} 0,06 | 0.01

155 L 2.7 | 0,18 0,0 | 0,02

156 2,56 % 0.15 | 0,06 0,02

157 | 2,54 1 0.1 0,01

158 2,32 0,08 0,01

159 3 2,48 | 0,02 0,01 0,01

160 { 2.87 = 0,14 |

161 : 3,720 | 0.09 0,01

162 | h,72 | 0,09 0,01

163 X o3 0.13! 0,06 | 0,02

164 ! 2,69 : 0,11 0,03} 0,02

165 | a0 | o | o2 0.0

166 { L43 P 0,19 0,06 | ©0.04| 0,01

167 | 3,72 | 0.0k 0,01 | 0,01

168 | 201 | 017 0.09] 0,05| 0,02
i 169 L k1 0,30 0,11 0,0L! 0,01

] i i
+ M

continuedecsecarse
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Appendix 14 (contd,)

Sample and Mean number/field(0,5 sq.mm,) é;;ater than: 3
positicn ir - . : ;
| willet, fnches | 3.64m | 1oum | pm| 2opm| B
170 3,45 0,07 0,01 | 0,01 !
171 b, 77 0.13 0.0 | ©,0.
| 172 5,43 0,40 0.07 | 0,01 { 0.01
173 4,10 0,12 @ 0.03 ! 0,01
i 174 L, 06 0, 1% 0,02 ¢ 0,01
3 175 3.71 0,05 0,02 | 0,02 | 0,0L
| 176 8,79 0,84 0,40 | 0,23 | 0,17
177 6,65 0,33 . 0,03 0,01
178 5. 34 0,13 0,06 0,02 | 0,02
179 3,07 0,34 mw,om3 0,01
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éggendix 15
MEAN SIZE DISTRIBUTION COUNTS OBTAINED ON SAMPLES FROM "DIRTY"™

BILLET T369

"

Mean number/field(0,5 sq,mm,) greater than

Sample and |
PR in
billet, inched  DomB | Wjm | i5pm| 20um [ 2un

0 2.55 0,17 ¢, 0% | 0,01

1 3,19 0.11 0,03

2 2.78 0,24 0,07 0,01

3 3,21 0,19 0,03

L 4,89 0.10 Q,01 !

5 6,39 | 0.33 0,07 | 0,04

6 3,66 0.12 0,05 |

7 6,69 0,20 0ﬂ9éqm 0,01

8 4,08 0.08 0.02 0,01

9 1,95 0,09 0,03 0,01 | 0,01
10 L 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 0,0k 0,01
16 4,29 0,32 0,05 0,03
17 8,86 0,49 0,12 0,0k 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 { 0,8 | o,0k
22 2,63 0,22 0,09 0,02
23 5.55 0,11 0,05 | 0,03 | 0,02
24 h,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 b, b2 0. 46 0,22 | 0,09 | 0.08 j
29 9,76 0,25 0,11 0.05% 0,01
30 4,81 0.3t | 0,08 I 0,02 0,02 z
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Appendix 15 (contd, )

Sample and Mean number/field (0.5 éq, mm, )greater than:
position in | REum] Lop | L] 2| 2o
31 h,32 ‘ 0.05 0,01 0,02 0,01
32 L,92 0.42 0,16 0,1C 0,05
33 2,55 0.13 0,03 | 0,02 | 0,01
3k 4,92 0,42 0,16 0,10 0,05
35 15,82 1,33 0,51 0,28 | 0,21
26 11,41 0. k2 0,1% { 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 0,0k | 0,02
Lo 10,64 0,97 0,31 0.13 0,05
il 6,23 0,52 0, 1% 0,09 0,05
i) 8.25 0,37 0,11 0, Ok 0,0L
43 8.23 0,48 0.16 0,07 0,04
L 3.99 0,17 0,07 0,0k 0,04
hs 9.75 0.40 0,07 | 0,03 | 0,02
46 11,60 0,53 0,17 0,07 0,02
L 8,61 1,15 0,42 0.23 0,11
L8 ' 6,18 0,28 0,10 0,04 0,03
L9 5,52 0,52 0,20 | 0,08 | 0,0k
50 5450 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 €.89 0,45 0,13 { 0,04 | 0,03
54 11,24 1,34 o4 ] 0,22 0,08
55 7,28 - 0,61 0,132 |} 0,04 0,01
56 7. 14 0,62 0,21 0,14 0,08
57 5.57 0,16 } 0,06 0,0k 0,04
58 10,86 0,72 0.33 0.15 0,10
59 5,62 0,40 0,19 | 0,11 | 0,05
60 2,98 1,00 0,46 0,23 0,15
61 2,66 1,09 0,46 0,26 | 0,15
62 737 2,34 1,07 | 0.46 | 0,26
1 | |
continueds sescrenco
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Appendix 15 (contd,)

Sampl? and Mean number/field (0,5 sq,mm,) greater than:
Eiiiﬁt?“iiﬁhes %.6pm [ 10pm | 1ogmy 20mm § 2540
63 10,18 3.63 1,79 | 0.92 | 0,64
Sk 9,00 1,81 0,79 0. k9 0,28
65 4,97 0,63 0,36 0,18 0,09
66 7,22 0,81 0.33 | 0,18 |} 0,16
67 12,52 0, 24 0,05
68 4,29 1,01 0,32 0,16 0,06
! 69 ’ 8,71 0,93 0.3 § o.1% | o,10
70 k,99 1,1k 045 0,26 0,17
71 6,81 0,86 0,32 0,19 0,08
72 9,38 1,79 0,76 0,37 0.27
73 by 77 0.1 0.11 0,04 0,0z
7h ' 8,66 0,56 3 0.17 | 0,06 | 0,02
75 h, 59 0, bk 0.19 0,07 0.05
76 9.73 1,63 . 0,91 | 0.%6 | 0,35
77 5,01, 0,38 0,20 | 0,07 | 0,04
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 0.85 0,50 | 0.,2% { 0,09
81 4,76 0,62 | 0,31 | 0,11 } 0,06
82 3,52 0.99 ! 0,40 | 0,17 | 0,05
83 7,73 0.6 | 0,07 | 0,02 |o.01
8k 5,20 0.27 | 0.05 | 0.01
85 7.34% 0,17 0.,04% : 0,0L | 0,01
86 9.15 0,69 0.30 | 0,16 | 0,07
87 L, 31 0,54 0,28 | 0,22 | 0,16
88 6,28 0,2k 0,08 0.03 0,02
89 6. 58 1,19 0, 38 0.19 0,10
90 5,64 0,46 0,14 { 0,07 | 0,06
9l 5,66 0,49 0,13 | 0,06 | 0,03
92 5.56 0,60 0,22 0,07 0,03
93 13,84 1,65 0,52 | 0,26 1 0,13
94 19,57 2,94 1.15 0,67 0,39
95 ‘ 8.32 1,22 | 047 ¢ 0,23 | 0,09
= !
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Appendix 15 (contd.)

Sample and
position in
billet, inches

Mean number/field (0,5 sq,mm.) greater than:

%
97
98
%9
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
129
128

3,6/4m' lO/;m"r 15/4m Eo/mnj 25/um
15,27 1,46 0,52 | 0,18 f 0,09
8.72 1,36 0.53 0,31 0,21
10,32 0,66 0,25 0,14 0,09
17,39 1,37 C.35 0.1 0,07
9,16 | oO,41 0,19 | o,0% | 0,02
7,41 0,27 0,12 0,02 0,01
b55 | 022 | 0,07] 0,05
23,75 0,96 0,23 { 0,08 ! 0,02
5,09 0,86 0,43 0,2% 0,11
3,16 0.18 0,07 0, Ok 0, 03
L, 05 0,18 0,03 0,02 0,02
10,06 0,50 0,15 0,0k 0,03
5,2k 0.59 0,17 { 0,07 | 0.06
7,41 0,30 0,10 | 0,05 0.01
5456 0,23 | 0,11 | 0,02 | 0,01
10,93 0,36 0,15 | 0,06 0,02
8,09 0,38 0,15 0,09 0,07
5. 77 0, 18 0,03 | 0,01
1,55 0,78 Q.29 0.27 0. 14
4,23 0,18 0, 08 0,03 0,01
6,36 0,37 0,14 { 0,03 | 0,01
b, 33 0. 33 0,17 { 0,05 | 0,0L
4,92 0,70 0,30 | 0,14 | ©,09
10,22 0.2 | 0,06 0.C2 0,01
6,18 c, 49 0,18 0,09 0.0k
5,48 0. 24 0,07 0,02 0,01
6,89 0.20 0,12 0,05 0,03
6,690 | 0,55 0.18 | 0,09 | o.,02
5,21 0,33 0,09 0,05 0,02
10,52 0,33 0,13 0,05 0,03
Z.76 0,30 0,26 0,06 0,05
2,78 0,22 0,11 | 0,07 0, Ol
2,12 0,06 0,04 { 0,01 |
i

e

contimiede covsovee
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Appendix 15 (contd,)

Sample and
position in
billet, inches

Mean number/field (0,5 sq,mm,) greater than:

et i i

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

!

3.6 m Ifom { 1§/¢mr 292?5{. 23;,m
6, 84 0,28 f 0,6 { 0,13 | ©,11
3,18 2,17 1,04 0.53 0,208
L1s | 0,35 0.17] o,11{ 0,07
2,76 0.5, | 0,29 0,11 ! 0,06
6, 74 1,24 0,52 0,28 0,15
13,57 1.15 0,50} 0,18 | 0,07
3,61 | 0.71 050 | 0,25 | 0,12 .
6,01 0,36 0,10 | 06,05 | 0,01
5,26 0,47 o.24 | 0,11 | 03
12,14 0,80 0,22 { 0;07 | 0,06
4,62 0,40 0.15 | 0,08 | ©.05
b,37 0,37 0,11 | 0,06 | 0,05
8,37 0,49 0,1k 0,08 0,06
7,69 0.2k 0,03 0,02 o,0L
3,21 0, 7. 0,05 o0,02{ o,01
8.57 0, 5% 0,151 0,051 0,03
6,32 0,22 0,06 0,02 0,01
3,42 0,10 0,07 { 0,03 | 0,02
4,83 0, 24 0,03 | 0,00 o,01
5.69 0.35 0,13 { 0,06 { 0,02
4,10 0.31 0,10 | o.os{ 0,01
6,53 0,27 0,221 o.04 | 0,01
5,76 0.86 0,30 | 0,14 { 0,12
6o 2 1,22 0,61 0,41 0.25
4,03 0,45 0,12{ 0,07 ] 0,04
4,81 089 | o421 0,20 0,16
5.1% 0,18 0,04

5. 71 0,27 Gl 0,06 0,04
9,84 0.3 | 0,114 0,05} 0,04
15,73 0, 30 0,19 0,07 0,04
8, 3k 0,28 0,09 1 0,02

14,46 0,64 1 0,14{ 0,04 | 0,01

continued. cebosvteen
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Appendix 15 (contd, )

Sample and Mean number/field (0,5 sg,mm,) greater than:
Egiz:}niighes 3,6 yE l oum 15/4m§ 20 ym | 254w
161 6,79 0,66 0,15 | 0,03
162 8,89 0.28 0,10 0,03
163 8,62 0,21 0,06 | 0.0%
164 13,10 0,33 0.15 | 0,01
165 9. 46 0.53 0,23 0.13
166 11,20 0,37 0,06 0,05
167 18,08 Q48 | 0,13 0.06
168 12,25 1,33 0,36 | 0,09
169 17,53 4,17 3.4 | 2,58
170 8,43 0.53 0,15 0,08
171 8,40 0,32 | 0,16 | 0,03
172 6,37 0,12 0, 0% 0,02
173 6,72 | 0,27 | 0,14 0,05
174 9,28 0,32 0,08 | 0,03 |
175 12,41 04T 0,12 | 0,05
176 5,98 0,24 0,09 | 0,06
177 - 9,06 0,41 0,10 { 0.04
178 13,51 0,58 0,14 0,02
179 5,93 0,32 | 0.5 | 0,05 |
i




OXIDE SIZE DISTRIBUTICN

Appendix 16

RESULTS ON SAMPLE P587~53 AFTER THIRTY
REPOLISHES

Mean number/field (0,5 sq,mm, )greater than:

Repolish . ,
3°6/um 10/um 15/.-m 20/‘mi 25/4111

1 5.22 1.11 0,31 0,09 | 0,04
2 5.6% 0,98 0.33 0,05 0,02
3 L.o2 0,28 0.05

L 2.26 0,02 -

5 2.75 0.13 0,04 0,01-

6 2,27 0,16 0,02 0,01

Vi 2,48 0.3%0 0.08 0.05 0,03
8 1,80 0,78 0. 44 0,30 1,85
9 2.12 1,36 0,74 0.70 0, 44
10 1.7% 0,72 0,52 0.46 0,34
11 1,54 0,67 0.32 0,28 0,24
12 1,69 0,48 0,33 0,22 0,22
13 0.89 0.27 0,12 0,12 0,04
14 0,53 0,18 0,08

15 0,91 0, 37 0,21 0.10 0,06
16 1.32 0,71 0.55 0,37 0.31
17 0.75 0,18 0.08 0,04 0,01
18 0,63 0,06 0,01

19 0,99 0,32 0,09 0,02 0,01
20 0.39 0,06 0,01 0,01

21 0,60 0,08 0,01 0,01

22 0.78 0.15 0,05 0,03 0.02
23 0.52 0.05
24 1,17 0,27 0,05 0,03
25 0,90 0,25 0,17 0,14 0.11
26 0,63 0.05 0,03 0,02 0,01
27 1,57 0,20 0.05 0.02 0,02
28 ! 0,66 0,23 0,08 0.02

29 2,09 0.53 0,16 0,06 0,02
30 0,79 0,12 0,02
Mean 1,66 0,38 0,17 | 0,16 0,13

]

245

ek



Appendix 17
OXIDE SIZE DISTRIBUTION RESULTS ON SAMPLE P587-1 AFTER 30 REPOLISHES

{ Repolish Mean number/field (0,5 sq.mm,) greater than:
3.6um | 10um Sum] 20um 25/Q.m
1 5¢75 0,24 0,05 :
2 4,19 0,21 0.10 | 0,0% | 0,02
3 3,13 0,09 0,02 | 0,02 | 0,02
4 2,52 0,06 0,03 0,02
5 3439 0,11 0,02
6 { 1,22 0,06
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
n 2.2k 0, 84 0,66 0,35 0,23
12 1.59 0, 3% 0,11 0,04 0,01
13 1,05 0,26 C.11 0,0k 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. 71 016 0,07 0.03 0,0
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 0.0 | 0,01 | o,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
z 0,89 0,19 0,07 0,03 0,0L
29 1,03 0,17 0,02 0,01
30 0,59 0,09 0.02 + 0,01
Mean 1,56 0,21 0,08 0,0k 0,04
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OXIDE SIZE DISTRIBUTICN RESULTS ON SAMPLE P587-126 AFTER 30 REFOLISHES

Avpendix 18

_{ Repolish { Mear_l: nu“;nbg;/f:.eld (0,5 sq,mm, ) greater thaﬁﬂ:‘_u ]
3,6 4m 104 m 154 mi 204m { 254m
1 3,17 .11 0,07 | 0,02 | 0,01
2 J 347 0,19 0,01
3 2,49 0,08 0,01 0,01
L 2,00 0,10 0,0k 0,02 0.01
5 1.83 0,08 0,03 1 0301 | 0,01
6 1,34 0,10 0,02 } 0,01
7 2,08 0, 1k 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
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 0,16 0,03 [ 0,01 | 0,01
16 0,95 0,19 0,07 | 0,03 | 0,02
17 0,86 0.2 0,08 0,04 0,01 4
18 0,68 0,13 0,0k 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 0.0k 0,01
22 1,35 0.2 0,20 { 0,09 0,03
23 0,85 0,16 0,04 1 0,01 0,01
2k 0,77 0, 1k 0,01} o, 01 { 0,01
25 0,58 0,13 0,02
26 1,27 0.19 0,06 | 0,02
27 0,75 0.18 0.05 0,02
28 0.58 0,07 0,03 0,01
29 1,04 0, 2k 0.,05] 0,02 | 0,01
30 0,56 0.12 0,03 0,01 0,01
Mean 1,00 ¢, 12 0,03 0,01 0, 002
i 1 '

en7




Appendix 19
Calculation of correlation coefficient - Quantimet oxygen versus

neutron activation oxygen (n=59 determinations)

N % 35751216 33 5 59
“| 12 [o,0-10.8 14 1 L
“I' 11 9,2 -10,0 1 1 2
Fan Y v

S SY 1w 8.k -~ 9,2 1 1

ST - Bk 3 3
2
Zl 8 6,8 « 7.6 1 1 1 }3
o 7 6.0 - 6,8 1 1 1 1 L
o
& 6 |52~ 6,0 21 1 1 147
B 5 _|%4- 5.2 1 301 12 |8
3 4 3.6 - 4.4 1 21 1 3 8
i 3 2,8 - 3,6 2 1 2 3 1 9
A2 2.0 - 2.8 12 2 3 3 |

1 |1.,2 - 2,0 101 1 3
Value ’ 20 6 30 03, 430 81*0 2""4 6 50 050 450 8
3.0 3,43,84,24,65,0 5,45,86,2
GROUP 1 2 3 4 5 6 78 9 |%
¥ = Neutron activation
(wt,% 0,) x 1072
Ty =3+10+21 +20+60+96+21+2k+45= 300
Ely2= 3420 + 63+ 80 + 200 + 576 + 147 + 192 + 405 = 1766
® Correlation due to mean = ng = 1525
- Sum of squares abt, mean = 1766 - 1525 = 241
241

«*. variance of y = 58 = 4,138

Tx=3+16+27+32+40 + 42 +21 + 24 +27 + 20 +22 + 48 = 319
TxP= 3 4 24 + 81 + 128 + 200 + 252 + 147 + 192 + 243 + 100 + 2b2

+ 576 = 2188
319
59
Sum of squares abt, mean = 2188 - 1725 = 463

. . L63

o's variance of x = =5 = 7,984

>

Correlation due to mean = = 1725




Appendix 19 {contd,)

Sum of products }_xy Calculate xI y Iy | X Xv.y
col,l (x=1) =1 + 4 + 7 =} 12 1 12

2 =1424+64+5 ={14 | 2 28

3 =4 4+324+ 8+ 12 =| 27 3 81

L =b + 64+ 7+ 10+ 12 =] 39 4 156

5 =1 +2+64+4+15+64+114+12=]|59 5 295

6 =64+9+12+5+64+74+8
L £ 27 + 12 ={o2 |6 |52

7 =3+ 7+11 =] 21 7 147_.

8 =5+6 +8 | <119 |8 | 152

9 =10+ 64+ 8+ 12 =| 26 9 2k
o Total (&) 319 1747

Correlation due to mean =p, X.2 ¥ _ 300 x 319

n B 59
sum of products = 1747 - 1622 = 125
covariancy of x,y = 125 = 2,155
N
correlation coefficient, r, = 125 = 0,3742
&~ 2H % heE
significance levels for 58 degrees of freedom
| 105 56 196 0,1% r
| 0215 | 0,255 | 0,331 | o0.k15 0,374

&

.*. 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:

b tage area oxide (Quantimet
Oxygen, Wt = ercentage ar aK (@ )

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

the K factor can be caleculated from the formula:
100, a Te

Kn.p -
‘6 ine,

214.9 a




Appendix 19 (contd,)

where p = weight percent of oxygen in inclusion
(}"Fe-.: density of steel

J .. = density of inclusion
inc
The values of p and (‘j’ ine’ and the corresponding K values for

some of the oxides commonly found in steel are given in

Appendix 20, In the work described, X was taken as 5,

2490



Appendix 20
DENSITY, OXYGEN CONTENT AND K VALUES FCR SOME COMMONLY

OCCURRING INCLUSIONS IN sTEEL(103)

; : S —— .

Formula | Type Density Oxygen | Calculated
' : g/cm3 % K values
FeO Wstite 5.7 22,3 6.1
MnO Manganosite Sk 22,5 645
s:'.qa Cristobalite 2.3 53,3 6,k
SiO2 Quartz 2.6 B3.2 5.7
A1203 Corundum 4,0 47,1 4,2
Crao3 Chromium.oxide_ 5 21,6 4,7
(escolaite)

MnO.Si02 Rhodonite 3.7 26,6 5.7
2Mn0, 510, | Tephroite k.0 31,7 6,1
2Fe0, 510, | Fayalite L, 3  31.h 5.8
FeO.Alao3 Hercynite k.1 36.8 5e2
Feo.Crao3 Chromite 5.1 28,6 5¢3
MnO0,AL,0 ; Galaxite b2 37.0 5.0
3A1203.25102

| Mullite 3.2 44,5 5.6

250
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APPENDIX 21
RESULT OBTAINED ON 66 TEST PIECES
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APPENDIX 22

Mean oxide percentage area and projection counts for samples from top of ingot.

Projection
Spacyh .. Cast Percentage field. {total leng)
No. No, mﬁh
irecuencg per 100 fields, Mean, Std.
| . - '
0.0310.03-1 0,20 0,55-11.20- | o | Mean,, {° o ¥fT | PV
0,20%] 0,559 1.,20%12.,90% 1 2.70%. 1 (X107 {X10 °
1 3224 I 4g . . 31 1004 EC L 6L,
2 no 62 %2 H . . . Zah sog9 | 4o | Lo,
3 n 48 { 50 2 . . . 490 453 68 1 60,
I " 48 § 49 2 1 . . 621 779 &8 { 68.
5 2958 {76 | 22 . . . . 171 319 16 { 32,
6 " 6}"‘ 36 . . » ® 478 563 56 52'
7 " L {56 . . . a 209 261 { 20 | 24,
8 " 64 | 32 2 . . . 438 428 Ly ¥ 36,
9 " & | 14 . . . . 122 202 8 112,
10 P68z | 73 | 27 . . . . 256 346 28 | 36,
11 w18 ja0 | . . . 294 573 | 24 | 36.
12 2969 | 62 1 25 3 . . . Lo8 675 Lo § 6k,
13 " 88 112 . . . . 1hh 206 12 1 16,
14 " 62 37 1 . . . 368 Lok Lo | Lk,
15 " 79 {21 . . . . 25% 288 2L | 28,
16 Po17 § 32 | A48 . . . . [TsTe) 470 48 | 4o,
17 " 81 {18 1 . . . 257 453 2k [ 44,
18 " 75 | 25 . . . . 256 287 28 | 28,
19 " 84 116 . . . . 189 209 20 | 20,
- 20 n 9% 7 . . . . 129 208 12 | 20,
21 M gl 6 . . . . 126 146 16 | 20.
22 P792 | o8 2 . . . . 7L 103 8 {12,
23 " 72 | 26 2 . . . 347 589 28 128,
24 n 76 | 24 . . . . 273 308 24 1 28.
25 . " 92 8 . . . . 147 197. } 4o | 20,
26 | 3225 | &4 | B4 . . . . 393 395 { 4o | 26.
27 "o1s7 139 13 1 . . 367 has | 4O | 36.
28 " 38 | 56 5 1 . . 7h5 937 76 1| 80.
29 " 65 | 35 o . . . 318 34 28 § 28.
| 30 | P9C2 {50 { b6 | 4 . . . 511 527 | 4h ) bh.
: 31 " 60 | 39 1 . . . Lo Lk Ly 1 =6,
32 T3 73 {27 v . . . 345 b2 40 | 26.
33 " 64 |35 1 o . . 383 L4z 4o 140,
3h PBSL | 68 | Ft 1 . . . 345 230 Wy § Lo,
35 " 34 | 64 2 . . . 648 558 72 1 S6.
%6 o163 |26 |1 . . . 392 388 | Lo | 36.
37 " ) I Wy 2 . . . 560 Leh 64 § 48,
38 | 3291 | 5% {41 |6 . . . 616 7% § 60 | 6h.
39 u 62 {38 |, . . . 362 347 1 26 | 32,
4o tt ha | A4y 9 2 1 . 1064 1939 100 | 148.
44 tt el § 36 . . . . 372 258 Li § 40,
L 42 n 55 4 b . . . 533 634 6h | 6h,
43 Phlis | 58 | i 1 . . . 383 47 L0 | 36.
Ll " 71 (28 1 . . . 227 572 32} 40,
45 2387 ) 86 | 1h . . . . 135 23k 1% | 20.
L6 n g2 3 . . . . 116 143 12 {12,
47 " 59 tho 1 . . s 317 287 z6 | %6,
48 | P200 | B0 119 11 . . . 200 L78 1 12 ko,
49 wo{Lh 155 |1 . . R Lo6 b1} 48 g Lk,
50 u 51 |47 2 . . . 371 450 Lo § 4,
51 . L] - L - » ] ¢ L] L] .
52 1 61 )29 . . . . 192 189 20 24,
5% " 81 119 . e ! . 477 312 | 16 28,
L *pield size = 0.5 sqemnm. 268




APPENDIX 2%

Mean oxide percentage area and projection counts for samples from middle of ingot.
; . Projection
Sp;glmer Cf&gt_ Percentage fields. {total leng)
‘ Freguency per 100 fielfls * o
) Mean. | Std.
0.0%%10.03-10.20-{ 0.55- 1.20-~ 1?;7 ?;ig:u) &“aJﬁﬁ; Dev .
0.20%0.554] 1.200 2.70% | 2°7%; (x10
1 zaphl 20 | 59 110 | 4 . . 929 1028 | 88 92.
2 u 33 54 12 1 . . o6 1116 68 724
3 " 55 i 1 o . . 431 408 | .56 48,
b vl k2 |51 |6 1 . . 686 885 | 68 2.
5 29581 85 | 15 0 . . . 2%, 276 1 2k 28.
6 L 48 Lo 2 . . . Sks5 58% €0 60,
7 " 7L 26 R . . . 298 288 32 Li,
8 n 84 16 . . . . 20k 284 20 28.
9 " 38 60 2 . . . 418 355 52 L,
10 P683 | 88 12 . . . . 164 191 20 20.
11 " 75 24 1 . . . 254 602 20 Lo.
12 2969 | 41 54 5 . . . 639 534 68 by,
13 " 92 8 . o . o 108 170 12 16.
14 " 78 21 1 . . . 237 318 2k 28.
15 my 68 130 |2 . . . 357 23 | 36 i,
16 PO171 61 %3 1 . . . 450 526 lyly Ll
17 " 88 12 . . o . 198 217 20 32.
18 " 77 | 23 . . . . 278 2Lz | 36 Ik,
19 n 67 22 1 . . . | 326 387 . .
20 n 87 12 1 . . . 177 320 20 20.
21 n go 9 1 . . . 155 Lol . o
22 P.793 93 7 o . . . 104 140 8 16.
23 " 68 28 4 . . . 295 466 22 Lo.
2k n ] 66 |32 {1 1 . . 48 6L | 36 36,
25 " 87 13 . . . . 166 209 20 28.
26 Z2251 18 (3 17 1 . . 1208 1159 }120. 100,
27 " 56 4o L . . . 504 608 52 52,
28 " 53 38 9 . . . 647 766 72 6.
29 L 56 4o 2 . . . 712 746 . .
30 Poo2 | 74 2k 2 . . . 386 207 36 &8,
31 " i1 52 7 . . . 757 825 76 8l
32 T113] 54 39 L6 1 . . 695 1074 6 2.
33 " 5l Lk 3 . . . 525 571 hh 52,
3k pP.8o4 sk 4sg 1 . . . 418 364 Ll 36
35 " 51 L3 1 . R . Loé k1 § 4o Lo,
%6 " 68 31 1 . . . 352 287 28 28,
37 " 29 70 1 . . . 663 hs2 68 4o,
38 3391 62 3l b . . . 517 694 48 6L,
29 " 3 sh 11 2 2 . 1356 2046 140 212. .
Lo m 1 55 %6 |7 2 . . 684 1172 | 68 {100,
41 " 51 31 17 1 . . 952 1186 oz 100,
% 1 44 50 9 . . . 757 786 72 68.
L3 P.uhkd L6 46 8 . . . 6ok Bl 60 72.
Ly " 58 26 10 ;2 1 . 1053 2537 80 136,
Ls 23871 €9 21 . . . . 196 191 20 24 .
L& 1" 66 L . . . . 285 229 32 4o,
by o 75 23 2 . . . 265 NG, 2k Lo,
48 P00t 80 20 . . . . 172 258 16 28.
L9 LI B4 %2 1 R . o 261 303 24 24,
50 " Lo 59 1 . . . ko5 408 4o 36.
51 -] o L] - - - ] a [ ] o
52 M 77 21 2 o . . 263 612 20 Lo,
c3 " g2 18 R fe . N 147 200 12 20,
* Field area = 0.5 Sq.mm. 263




APPENDTX 2l

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

Specinmen) Cast Projection
No. |} No. Percentage fields (total leng)}
Frequency per 100 fields * . Kl e
{
0-03%0.035-]0.20-[ 0.55-] 1.20-] nean,, | 55+ ff¥°hean. Std.
0.,20%{0,55%11.20% 2.70°%{2.70%] (X10~ 1 (%10 Dev'n
1 gk | 47 Lo 11 2 . . 941 1420 92 | 124,
2 " 59 36 b 1 . . 627 1165 56 | 92.
3 " 59 4o . . 1 . 578 2153 56 { 88,
b nt 58 1 38 2 11 . . 612 1162 | 56| 9.
5 2958 | 47 48 5 . . . 398 b6 Ly | 48,
6 nyo93 (26 |1 | . . ok 5h0 | 4k | 52, |
7 " 70 30 . . . . 273 317 28 | 32.
8 nlo97 | 22 1 . . . 286 336 | 32| ko,
9 " 28 6l 7 1 . . 750 w22 | 68§ 52,
10 PEE3 | 61 32 & 1 . . . R A0 | 124,
11 ” 83 lI+ 2 '} - L] - » [ L4
12 2969 | 63 33 4 . . . 418 610 | 521 8h.
13 " 83 | 16 1 . . . 216 245 20 | 24,
14 " 72 28 . . . o 333 368 32 | 32.
15 "ol 8h 16 . . . . 253 326 32 | Lo,
16 PO17 { 81 17 2 . . o 269 526 32 | 32,
17 " 86 12 2 . . . 236 382 Z2 | 52,
18 "7y 27 . . . . 286 293 | 36| 32,
19 n 83 16 . 1 . . 330 1305 28 I 4y,
20 "1 79t 20 1 . . . 334 Loz 1 L4 1 36,
21 " 73 17 9 1 . . 530 1120 48 | 60,
22 P792 | 85 13 1 1 0 . 318 1289 24 1 64,
23 " 77 22 1 . . . 281 zhg 24 | 2k,
24 " 58 Lo . . . . L7 461 22 | 28,
25 L 83 15 2 . . . 265 601 24t 52,
26 3225 | 31 59 5 3 2 . 1257 2456 1104 |1by,
27 " 58 36 5 1 . o 693 1388 64 | 88,
28 LI I I 3 . . . 576 663 | 52 | 56.
29 t 79 19 2 . . . 291 571 28 1 56,
30 Poo2 | 76 23 1 . . . 268 %38 2h 1 6.
] " 72 22 2 4 . . 630 587 56 |164,
22 ™13 { 31 17 2 . . . 300 459 28 1 M4,
33 " 77 22 1 . . . 3071 532 28 | %6,
3k P89k } 69 30 1 . . . 387 590 W | sz,
35 "1 50 |47 2 . 11 . 684 1502 | 56 | 76,
36 " 70 30 . . . . 310 328 28 | 28.
37 n 51 49 . . . . Lzl 208 i b o3p,
38 331 | 44 | 46 9 {2 . . 1128 1807 |10% {124,
39 o1 kg | 43 6 1 1 . 812 1736 72 1112,
ko n 68 26 b 2 . o 549 1104 56 } 80,
L b4 45 t10 |3 2 . 1a7k ahs5 112k 176,
b2 29 |59 9 |3 . . 1195 1650 lio4 j124,
L=z PLbs | 74 20 5 1 . . 518 1262 48 1100,
b nolhg | Bh 3 13 1 . 887 1941 84 11hl4,
L5 2387 | 41 50 5 3 1 . 1049 237k 88 1188,
ke "o 3k |59 7 . . . 779 901 T
Ly w28 |67 4 , . . 605 612 | 68 1 Fo.
48 P200 | 67 32 1 . . . 314 560 24 | bo,
49 15 |50 . . . . L9 1652 | 32 [100.
50 t 61 %6 2 . 1 . 478 1590 36 | 68,
51 w28 |68 3 01 o . 561 863 | 52 | 6.
52 "ol7o t26 [ 3 {1 e e 306 | 1091 |32 !72.
53 " 18 11z f 1 . . .. 1 160 i 328 116 |24,

* Field area = 0.5 Sq.rmi. 270




APFENDIX 25

Mean oxide percentage area and projection counts for samples from bottom

of ingot.
Specimenj Cast Projection.
. No. Peorcentage fields, (total leng)
| Coding, .
Freguency per 100 fields* frla
05052 0.03-10.20-] 0.55-] 1.20~] > neany btd"_ﬁ?*PMean Std.
0.20%40.55% 1.20% 2,70% } 2.70068(x107" /"t (310 Dev'n,
1 Z22h | 43} Ly 8 2 . . 79% | 377% by v 108,
2 " 63 [ 34 3 . . . 568 697 60 56.
3 1o 62 } 38 e . . . Lol SV 56 bl
. " 53 [ 45 2 . . . k7 6473 48 | 6h. |
5 2958 58 | 39 2 1 . . 195 529 20 Lo,
6 ’ n 85 15 L] - - . 202 21‘“‘ 21‘}‘ 28 .
7 " 81 ] 19 . . . . 234 639 24 52 .
3 n 31 ] 16 3 . . . 387 295 52 %64
g - " 61 | 28 1 . o . 369 335 kO | 32.
10 - P.6831 79 | 20 1 . v . 228 440 28 26.
1M - " 64 | 36 . . . . 354 361 i2 16.
12 2069 t 721 28 . . . . 303 355 35 1 bk,
13 " 67 | 32 1 . . . 310 518 22 26,
1h " 61 | 26 2 1 . . 433 {733 b4 68,
15 " 821 13 2 1 2 a 719 3229 52 | 168.
16 PO17 871 12 . . . . 409 2257 20 Gh,
17 H 55 1 45 . . . . L0 338 60 L3,
18 " 72 | 22 2 1 3 . | 1120 | 3584 72 | 152,
19 B 65 | 23 L 2 b 2 2408 88ho 128 § 308.
20 " 68 | 28 1 . 3 . 777 2501 60 | 120.
1 ". 83 9 3 2 1 2 1169 L3l 72 | 268.
a2 P792 92 7 . . . . 114 156 40 28.
23 " 80 | 20 . . . . 227 %11 2h 22,
2h " 85 1 15 . . . . 178 234 20 k.
25 " 72 1 27 1 . . . Zhl 428 28 2k,
26 3225 69 | 30 1 . . . 301 20k 26 28.
27 " 48 | 4y 3 . . . Lsg 522 . .
28 - " 7§ 25 2 1 . 1 803 1067 68 63.
29 - " 73 { 26 1 . . . 336 206 L8 Lo,
30 P02 51 | 4o 5 1 3 . 1128 3090 104 §252,
31 " 76 | 18 b . 2 . 612 1927 60 |180,
32 T113 { 18 [ 70 |11 . . « 11083 846 124 | 8o.
33 1 62 | 38 . . . . 32% 286 40 32,
34 P84 | 74 1 26 . \ . . 355 346 36 | 32.
25 n 60 | 39 1 . . . 187 252 20 28,
26 - " 61 | 37 2 . . . Lok 1301 44 1100.
27 " 14 1 82 b . o . L98 1354 60  {136.
33 3391 31 | 65 b . . . 796 738 84 | 72.
39 " 52 | 4o b4 Ly, . . 898 1304 88 {156,
ho " 50 | 47 . 22 1 . 688 | 17v8 76 {12k.
L1 " 32 159 8 1 . . 902 | 1033 9 | 80.
Lo n 48 | 44 6 2 . . 765 1390 72 80,
43 Phbs | 68 | 25 5 1 1 . 713 575 &k | 6h.
Ly " 28 | 70 2 . . . 735 1988 52 92.
bs - 2387 | 48 | 51 1 . . . Lo2 490 L4 |48,
Lg n 78 1 20 .o . . . hol 461 48 L,
47 " 64 |29 5 2 . . olky 600 92 48,
48 . P200 69 {29 1 1 . » 367 882 32 56,
Lg n 77 122 ‘ 1 . . 239 577 20 28,
50 " 76 |22 . o . . 4z5 1546 32 a2,
51 " 81 |19 . . . . 233 239 2h 28.
52 " 61 {35 1 1 1 . 692 { 2640 4o | ok,
2% "1 9 110 . . . . 164 20 20,

o
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Mean oxide

APEENDTE_ 26

size distribution counts for samples from top of ingot.

Specimen Cast ‘
Coding No. Mean number/field(0.5 sq.mm) > than
3.6 e 10wmmi 15 ,em, 2541,
1 Z22h ZJ46 Go?7 0.21 0.06.
2 " 2.45 0.33 0.10 0.03.
3 i 3,98 0.13 0.02 . 0.01,
L " L.ok 0.39 0.09 05 0.01,
5 2958 1.12 0,03 0.02 . .
6 n 5.24 0.17 0.04 .01 .
7 " 1.62 0.12 0.05 02 0.04.
8 " 3,30 0.22 0.01 . R
9 " C.93 0,05 0.0% . .
10 P683 1.67 0.10 0.05 0.03 0.01,
11 " 1.24 0.02 . . o
12 2969 2.50 0.20 0.02 . .
13 " 0.95 0.08 0.01 . .
NET " 2.95 0.08 0.01 . .
15 n 2.62 0.1k 0.0z 0.01 0.01.
16 P.917 3.62 0.43 0.15 0.04 0.01,
17 " 1.96 0.16 0.06 . .
18 n 2.19 0.18 0.05 0.01 .
1¢ " 1.96 0.13 0.03 0.02 0.01.
20 " 1.59 0,04 0.02 0.01 0.01.
21 n 1.79 0.01 . . .
22 P92 0.67 0.01 . . .
23 " 2.19 0.22 0.10 0.07 0.06.
2k " 2.05 0.23 0.06 0.03 0.02,
25 i 1.43 0.07 0.01 ° ]
26 3225 %.82 0.27 0.09 0.02 .
27 " 4,03 0.19 0.10 0:03 .
28 " 4,93 0.54 GCe08 0.02 .
29 S 2,27 0.21 0.0k 0.02, 0.01.
30 P.g02 240 0,55 0.17 0.03 .
31 " %.56 0.29 0.09 0.06 0.01,
32 T113 3,27 0.19 0.05 0.03 0.02,
33 " 3.62 0.29 0.09 0.01 0.01.
34 P, 804 L,23 0.13 0.02 0.01 0.M.
35 " 5.23% 0.49 C.12 0.05 0.01,
36 " 3.88 0.4o 0.08 0.05 0.03%,
37 " 5.76 0.4 C.05 . .
38 33N 3.40 0.30 0.07 0.02 0.01,
39 " 3.97 0,48 0.16 0.03 0.02.
Lo " 5.66 0.72 0.23 0.09 0.09.
4 " 3,81 0.18 0.06 . .
Lp con 4,83 0.32 0,08 0.0k 0.02,
k3 P.h4s 2.50 0.21 0.07 0.04 o
i " 235 0.16 0.06 0.02 .
45 2387 1.14 0.14 0.05 0.01 .
46 " 1.28 0.07 0.02 . .
L i 2,14 0.30 0.09 0.05 0.01.
48 P200 0.88 0.27 0.05 . a
L9 " L,26 0.34 0.08 0.02 0.01.
50 " 3.13 0.39 . 0.04 0.02 .
51 tt ° o Py - L4
52 " 2.06 0.13 0.01 . .
1 5% - n 1.16 0.4 0.05 0.01 .

272




APPENDIX 27
Mean oxide dize distribution counts for samples from middle of ingot.

Specimen } Casot Mean number /field(0.5 sq.mm) 3 than
Coding. No.

3. Game | 10pm. | 15pm. | 20pn. | 25 pan.
1 322k 6.75 0.85 0,22 0.06 0.02,
2 " L, 86 1.41 047 0.18 0.08.
3 " 3.9 0.15 0.0v 0.02 .
L Cou 4,87 0. b 0,06 0.0k .
5 295 2.17 0.07 0.01 . .
6 " 4.2h 0.24 0.04 . .
?. n 2,30 0.07 0.01 .01 0.01.
g " " 1,71 0.06 0.01 0.01 0.01.
9 - " 5.29 0.21 0.04 0,01 .
10 4 P683 1,69 0.02 0,02 . .
11 ‘4 " 0.89 0.04 0.02 0.01 .
12 2969 4, b1 0.57 0.14 0,05 0.01.
13 L " 1.02 0.05 . . .
4 " 1.59 0.09 . . .
15 " 246 0.15 0.05 0.03 0.03.
16 P91? 2.61 0.41 0.16 0,02 0.01.
17 " 1.98 0.09 0.0 0.01 0.01.
18 L 3.12 0.06 . . R
19 " 4,10 0.16 0.04 0.02 .
20 " 1.53 0.06 0.03 0.02 0.02.
21 " 1.26 0.12 0.01 . .
22 P.792 | 0.86 0.03 . . .
2% ! " 2.72 0.22 0.06 . .
24 " 2,99 0.23 0.03 . .
25 " 1.70 0.06 o . .
26 3225 9.09 1.01 0.34 .07 0.06,
27 " L,16 0.37 0.11 0.03 0.02,
28 " L,37 0.26 0.03 0.01 0.01,
29 1 3.16 0.07 0.0k 0.01 .
30 P.902 | 2.76 0.27 0.04 0.02 .
21 " 5.91 0.51 0.15 0.07 0.01.
22 T113 4 66 0.52 0,19 0.14 .09,
33 " 3.18 0.51 0,19 0.08 0.05.
34 P8oL RIS 0.23 0.07 0,0k 0.02.
35 il 2.46 0.25 0,07 0.02 .
26 " 2.10 0.28 0.10 0.0k 0,04,
27 " 6.40 0.55 0.12 0.05 0.02.
38 3391 3a77 0.37 0.06 0.03 0.01.
23 " 9,10 0.61 0.22 0.09 0.06.
Lo " 2.97 0.37 0.06 0.02 o
4 " 5.%2 0.89 0.21 0.07 0.01.
Lo " 4.56 0.49 0,09 0,04 0.01,
Lz Phls 4,36 0.50 0.06 0,03 o
Ly i 4,30 0.82 0.35 0.21 0.12.
Ls 2387 2.16 0.0 '{ 0.0 . .
L& L 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 . .
k9 " 2.49 0.21 0.03 0.01 .
50 " 4,49 0.62 0.14 0.02 0.01.
51 t £ - » * L]
52 " 1.39 0.28 0.14 0.03 0.01.
53 " 1.16 0.10 0.06 0,02 0

-
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© APPFNDIX. 28

Mean oxide size distribution counts for samples from one billet length
from bottom of ins~ot,

Specimen | Cast
Coding. | No. Mean number /£i1e1d(0.5 sq.mm)> than
B.Grm, 10 pme | 15 g, 20. pm, 25.}»\ e

=1 3224 S5.14 0.80 0,19 0.05 0.01.
2 " 2,50 0.48 0.1h4 0.04 0.01,
3 " 2,96 0.21 0.13 0.10 0.24,
L "o 3977 0.40 0.11 0.04 .

5 S ] 2958 2.59 0.08 0.02 0.02 .

6 LA " 2.71 0.09 0.01 0.01 0.01,
7 L h 2.63 0.14 0.03 0.03 .

8 b " 2432 0.07 0,01 . v

9 i o2 h 6.24 0.65 0.20 0.09 0.05,
10 il | PE83 4,69 0.29 0.0h 0.01 0.01.
11 J‘-"f‘ ' " [ 3 . - ] -
12 i 1 2069 4,11 0.10 0.01 0.01 .
13 Lo " 1.97 0.07 0.03 0.01 0,01,
14 oL " 2.61 0.23 0.05 0.02 .
15 - " 1.9 C.09 0.0k . .
16 Cif. | PO17 1.3 0.29 0.02 0.02 0.01.
17 v L Z,15 0.05 0.01 . ]
18 Py ’ 2.25 0.09 0,01 T, ]
19 > " 2,46 0.07 0,02 o.M 0.01.
20 = " 6£.17 0.12 0.05 0.03 0.03.
21 " 5.02 0.31 Q.17 0.4 0.09,
22 1 | PPg2 1.65 C.19 .05 0.02 0.01.
23 L " 2,10 0.24 0.07 0.03 0.03.
= o n 1.99 0.40 0.1 0.04 0.02.
25 T " 2.12 0.13 0,03 . .
26 5| 3225 6.95 0.63 0.20 0.06 0.03.
27 y " 4,87 0.48 0,13 0.08 0.03.
28 ‘ n 3.68 0.49 0,10 0.02 0.01.,
29 " 1.83 0.20 0.04 GuM 0
20 S poO2 2,07 0.23 0.07 0.03 0.01,
31 " 3.97 0.48 0.13 0.0k 0.01.
32 R R unk 2.55 0.17 0.03 . .
33 £1 n 2.36 0.20 0.07 0.02 0.02.
3h - LRG8Ok | 4,81 0.27 0,07 0.0 0.02.
35 ; " 4,28 0.51 0.21 0.05 0.02.,
26 ; " 2.58 0.20 0.09 0.07 0.03.
37 el n 4,98 0.33 0.07 0.01 .
38 3391 8.25 0.70 0.34 Q.16 0.09,
29 £ " 5437 0.61 0,15 0.05 0.02,
o ¢ " 2.83 0.34 0.18 0.0k 0.03.
4 " 8.73 0.82 0.22 0.1 0.07.
k2 L " 6.38 0.97 0.324 0,16 0.07.
43 i | Phbs 2.43 0.2 0.09 0.03 .
L4 e n 4,69 0.53 0,13 0.02 0.01,
hs w3 2387 6.0 1.47 0,5C 0,15 0.03.
46 R " 3.33 1.30 0.93 0,40 0.15,
k7 s " £.93 0,62 0,18 0.02 .
48 1% P200 1.79 0.35 0.08 0.01 .
kg " " 1.22 0,37 0,06 0.05 0.02,
50 Lo " 2.10 0.32 0.11 0.05 0.02,
51 Lo " 5.k 0.65 0.18 0.04 0.01,
52 P " 1.82 0.27 0.13 0,06 0.03.
53  wpyoom 1.16 0.09 i ©.0h . .

| 74;'-4‘,:‘-?6 R B ORI JURE Dk, Ve Lt e
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APPENDTX 29

. Mean oxide size distribution counts for sample from bottom of ingot.

Specimen Cast
Coding No. Mean number/field(o.5.sq.mm.) > than
2,6 u4mf 10.4n. | 15 m, | 20.4mJd  25. A

1 2224 2.73 0.46 0.1 0.07 0.07.

2 " 5.45 0.29 0.06 0.02 0.01.

3 " 4,68 0.27 0.07 0.01 .

b " 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 . .

? n 1.54 0.08 0.01 . .

8 " L.hh 0.06 . . .

9 " 2.73 C.2h 0,03 0.01 .
10 t P683 2.51 0.24 0.09 0.02 .
11 ] " 1.23 0.05 0.02 0.01 .
12 1 2969 3.12 0.11 0.03 . .
13 . L 2.49 0.15 0.01 0.01 .
14 n 2.9 0.25 0.0k4 . .
15 " 2.72 Q.29 0.06 0.06 0,04,
16 POy 1.81 0.15 0.07 0.01 0.01.
17 " 4,29 0.07 0.01 . .
18 1 4. 82 0.47 0,26 0.15 0.08.
19 " 5.58 1.28 0.92 0.64 0.60.
20 " 4,25 0.3 0.17 0.11 0.04,
21 " 2.82 Q.82 0.37 0.17 0.13.
22 P792 L,26 0.19 0.06 0.03 .
23 L 1.84 - 0.12 0.01 0.01 .
24 . " 1.56 0.08 . . .
25 ] n 2.45 0.34 0.17 0.06 0,04,
26 1 2225 3,64 0.08 0.01 0.01 .
27 v 3,21 0.39 0,15 - 0.02 0.01.
28 " 4,28 0.54 0.25 0.13 0.03.
29 " .31 0.11 0.02 0.02 0.01.
20 PO02 6.16 1.G0 0.36 0.08 0.0k,
31 " 4,09 0.48 0.08 0.02 0.01.
32 i 1113 7,04 0.57 0.19 0.10 0.06.
33 " 2,43 0.1% 0,04 0.02 .
3k | P8ok %24 0.55 0.14 . .
35 n 2,03 0.19 0,05 0.02 .

36 3 " 209? 0-15 0.0S O:Og 0.020

37 " 4,97 0.51 .19 0.06 0.01.
38 1 3391 5045 0,40 ©,19 0.08 0.03,
39 " 4,56 0.49 0,09 0.02 0.01.
4o n 5451 0.29 0.09 0.05 0.03,
41 " 6,97 0.48 0,19 0.10 0.02.
Lo J n 5,08 0.48 0,13 0.09 0.05.
L3 g PL4s5 841 0.32 0,04 0.02 0.01.
Ly . " 2,9 0.31 0.14 0.06 C.03.
Ly ] 2387 4,06 0.25 0,02 0.02 0.01.
L6 A " 4,04 0.22 0,04 0.03 0.01.
L7 " " 8,66 0.95 0.21 0.08 0.03.
48 P200 2.25 0.39 0,17 0,04 0.01.
hg " 1.66 0.17 0,06 0.04% .
50 " 1..05 0.16 0.09 0.0k 0.02.
51 " 2.4 Q.21 0.06 0.01 .
52 " 2.69 0.87 0.23 0.09 0,02,
53 ‘ n 1.65 p 0.0k, 0.02 0.01. { .
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Table 1
Summary of Inclusion Types and their Effects
Type Origin | Nature at Final ! Distribution Effects
working shape ' - -
Lemperatures Good Adverse - .
]
Sulphides Reaction
with ¥n Plastic Smooth, Fairly Greatly improved | Hot-shortness,
with S in elongated uniform machinability Bursting in forging,
sclution Reduced ductility,
Fatigue properties
unaffected,
Refractory Exogenous Brittle Spherical Larzely Hone Stress raisers,
inclusions and/or or. broken unpredictable egpecially in fatizue,
(e.g. high indigenous up Cause tool chipping.
melting point Lower machinability,
silicates)
Plastic " Mainly stringers " I §Stress raisers, surface
inclusions plastic defects, lower machin-
{e.g, low ability,
melting-point
silicates)
Fine inclus- Deoxidation Non-plastic Angular Frequently " Ne major mechanical effects.
ions (e,g, or grain size to sphericali as clusters Abra§1ve toolwear, Reduced
oxides) control cutting speeds.
None e,g. vacuum - - - Max, mechanical Tool welding, poor
melted & cast properties, machinability,
especially duct~

ility and

fatipue




Table 2

Commercial Instruments for Inclusion Assessment

Manufacturer and
country of origin

Instrument

Remarks

Rank Cintel Itd,
U. K,

Imzage Analysing
Computers Ltd.
(4 subsidiary of
letals Research
Ltd.) U.K,

Leitz Instruments,
itd,
Last Germany,

Carl Zeisms Ltd,
Vest Germany,

Union Optical Co,

of Japan,

o e s . W g e it

fiying-5pot Particle
Resolver

Flying-spot microscope

tuantitative TV Micro-
scope - lodel A

Ouantimet - Model B

fuantimet - Model B

Luantimet-~720

Integramat

Micro-~Videomat

Scanning Microscope
Model ASk-]

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., Semi-automatic, Not under commercisal
development,

Uses TV technigue, Image inspected line by line, Two monitors, one for
displaying image to be analysed; other for displaying detected image being
measured, Now obsolete. Semi-automatic,

Improved version of Model A, Semi-automatic, fields selected manually and
results recorded by operator, Commercially available from 19564,

Manufactured from 1967,

Better resolution deteetion, counting circuits
Commercially available from 1969,

Fully automatic with usual computer peripherals,

Improved version of Model B,
and computer peripherals,

First displayed at Labex Zxhibition 1969, Uses TV technique similar to-
Cuantimet Model B,

Details first released in 1970, Uses TV technigque similar to cuantimet and
Integramat,

Details first released in 1966-67,

Uses photomultiplier,
fixed optics,

Specimen scans,

ConTin *15%{"-{ e
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Manufacturer and
country of origin

e e an. w

]

: i
Hilger and Watts. .tk |

FERCO
U. S\'IAE )

[N

mube Investments
Research Laboratories.;
UK,

Vickers Instrument
SR

Company, Ltd, !

P

Instrument

Table 2 [contd,]

T

_'Rema;ks

P Y

TI-Hilger Automatic
Tneclusion Counter

Arieds

Automatic Inclusion
counter, sizer and
identifier

Automatic Inclusion
Classifier

Coulter Counter

4 o n ¢ ambphiar s e PR 3 s A P it e i e i m nod | ST e bk LRSS S =

Introduced in 1966-67, Fixed optics,

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, Fully automatic, Not under
commercial development,

Ain electron optical counter without X-ray indentification, Uses back

acatter of electrons tc form image which is then classified into grades
and types of inclusions,

Used for counting particles of inclusions in steel residue, Not used

generally for inclusion assessment,

SR PR aper o

N NP - [y ——

O Jp— e aan - SO RS OO S T P P i tiaste bt

Specimen scans using photomultiplier,

P P N

[
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Reproducibility attained over four and half hours when measuring

Table 3

oxide inclusions in same field of view

E
|

nerrn

Mean and standard deviation

' Wo, of
! determinat-
i ions

Total count;

S
.

11 + 0,33

200

12 + 0O, 4o

200

[ S

E

11 + 0,036

- 200

10 + 0,50

200

.

PARAMETER |- - , , —
11.50 to ¢« 13,10 to  ; 15,05 to | 16,50 to
12,20 hrs, | 13,40 hrs, | 15,35 hrs, | 17.20 hrs,
| — g — & ; B
Percentage ;0,175 + 0,004 ! 0,176 + 0,005! 0,167 + 0,00610,145 + 0,006
area




Table 4

Reproducibility attained at the beginaing of the eight month test period when counting oxide inclusions in
same field of view

- . : .
Oxide Oxide Manganese Stondard specimen {(Black
Parameter |y ot resraEra T MeEn < | Stanaard - | Mean S PP ateEy ) Wesn | Standar ~- - Spheres)-
_ de viation deviation deviation deviation
Percent area|l, %O 0.014 0.77 0.026 2.97 0,03%6 19.25 0,089
Total i B4 2,400 25 0,520 111 2,470 L8 O
numbexr
Size distr-
ibution .
{No,>» than) . S
5 27 0,830 5 0 111 2, 660 }oo48 0
10um 2 0 4 0 111 1,900 48 0
15#um 1 0 1.9 O 10 1,000 43 0
20ﬂam 1 8] 0 0 9 0 L8 Q
Total pro- 226 3,800 137 1,610 405 3, 500 746 1,670
jection
(No.of lines)
Size of
{ Features on i1 to 4 mm 1 to 4 mm 1 to 15 mm 10 mm
' 7Y Honitor ; { {




Table 5

Reproducibility attained at the end of the eight month test period when counting oxide inclusions in the

same field of view

Oxide Cxide Manganese sulphids ; Standard specinen
Parameter (field 1) (field 2) B . (Black spheres)
Mean SJtandard Mean Standard Mean Standard Mean Standard
deviation deviation deviation deviation
Percent 1.48 0.016 0.81 0,020 2,60 0,031 19, 30 0,09
area
Total number 53 2.7 30 0, 500 90 2.100 L8 ¢
Size distribu~
tion

(No, > than)

54 20 0,600 3 0 8o 2,000 L8 0

10 um 1 0 1 0 71 1,600 L8 0

15 4 0 0 0 0 0 0 L3 0

29}4m 0 0 0 O 0 O L8 0]
Total pro- 206 3,00 142 1.800 396 2,800 745 1,680
- Jection
(No, of lines)
Size of 1 toh mm 1to4 mm 1 to 17 mm 10 mm
features on .
TV monitor
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Table 6

Typical errors in using both detection sysﬁems’simultaneouslg

as percent

- . Parameter .
_Ezzczlizzins:g Detection Percent | Total | Number larger
& o area number than 15f4m
Oxide inclusions} 1 (oxide) 0.7% 9 2
No sulphide ]
2" (sulphide) 0.81 9 2
Difference 8.6 0 0
as percent
Oxide inclusionsi{ 1 (oxide) 1,00 2 1
No sulphide P
2 (sulphide) 1,18 2 1
Difference 18,0 0 0
ag percent
Oxide inclusions} 1 (oxide) 0,22 3 2
No sulphide ,
2%(sulphide) 0,26 3 2
Difference 18,4 0 0
as percent
Cxide inclusions ! 1 (oxide) 0,01 2 0
No sulphide
| 2 (sulphide) 0,02 2 o)
Difference 106,0 0 O

£
No sulphides in fields measured but detention 2 set to correspond
to sulphide contrast,




S

Table 7

Reproducibility attained by two operators when setting the focus of the same image (inclusions) by two methods,
microscope and TV monitor

— . S — —_ s - -
Method of | Operator { Field 1 (MnS) Field 2 (Al o ) Field 3 (A1203+Mn5) Flelgu4 %gs Frﬂ-
focusing Tiean areal 5td, devn. Coelil, | ean area Std.aevn. Coeff,'ﬂ?an area otd, devn] CoeffiMean : 5td, Coef

of var, of var, gof variarea { devn, lof var,
ot e e . [_ : ————
v 1 0,28 | 0,016 5.7 0,068 0,00k 59 { 0,702 0,037 ;5,3 (1,11} 0,009 0.9
Monitor ‘
2 0.29 | 0,009 3.1 0,073 0,008 10,9 0.720 0,01t 2,0 1,10 0,008] 0,8
Microscope 1 0,29 0,007 0,007 | 0,076 0.003 L, 0 2,730 ! 0,016 12.2 1,101 0,008] 0,8
j ;
2 0,31 2,4 2.3 0,079 0,003 3,8 0,700 0,028 34.0 1,10 0.0085 0,8
- } ] ) i + 3 " R
Grand summary
Method of Operator Mean Standard Coefficient of
focusing deviation variation o
TV Monitor 1 0, 540 0,0165 b b5
2 0, 546 00,0093 4,20
Microscope 1 0,549 0,0085 2,35
2 0,550 0,0115 2,73
- §




Table 8

Reproducibility attained by three operators when adjusting the threshold level on the same inclusions using three

different methods, A, B and C

Method

i -
3

o b A 7 e

L S i b it S 4412 ol 1 2

Number of determinations made by each operator for each method = 30

Statistic Operator Mean of operators
i I ‘ 2 3 l, 2 and 3 .
“MThreshold Volume Threshold| Volume Threshoeld| Volume Threshold Volume
setting ! fraction | setting |[fraction | setting |fraction setting fraction |
Mean 6,47 1,14 6,64 1,46 6.67 1,47 6,66 1,36
A Std, deviation 0,130 0.173 0,105 0,174 0,104 0,184 0.113 0.18
Coeff, of variation| 2,01 |[15.17 1,50 11,90 1.56 12,50 1,72 13,17
as percent of mean
lean 6,60 1,56 6,71 1,80 6.75 1.60 6,69 1,65
B Std, deviation Q.09 0,14 0.09 0,15 0,05 0,15 0,08 0,15
Coeff, of variation 1,37 9,30 1,41 8,34 0,72 9,40 1,17 9,01
as percent of mean
Mean 6,77 1,30 6,84 1,57 6.76 0,98 6.79 1,28
C 3td, deviation 0,09 0,13 0,07 G.15 0,06 0,05 0,07 0,11
Coeff, of variation 1,30 10,00 1.03 9,86 0.89 5.10 1,07 12,32
! as percent of mean | ' !




Table 9
Reproducibility attained by three operators using Method c” and

standard single field method for adjusting threshold level

Specimen 1A

Percéntage

Frequency per 100 fields

-k g

! Mean area %

0,071 0,066 0,083 ‘!

Q, 06? o 068 o 066

Specimen 1B

r————

area range i TMetHod T T T U T T Standard field method
e i Oper, 1 2 3 _1 Oper, 1 2 3

< 0,03 t 68 60 56 ‘ 62 61 62

0,03 -~ 0,20 25 37 ho | 35 36 3

0.20 - 0,55 j 5 2 3 , 2 2 3

0.55 ~ 1,20 ;l 1 0 . . .

1,20 - 2,70 ‘ 1 1 } 1 1 1
2 ! . . . _sL . L.

?

i

< 0,03 67 28 i 71 63 69
0.03 -~ 0,20 | 31 19 26 28 26 30
0,20 ~ 0,55 | 2 3 0 1 1 1
0,55 - 1,20 . . . . . .
1,20 - 2,70 . . . . . .
> 2,70 . . . . . .
Mean area % 0,038 0,030 0,027 : 0,030 0,032 0,030

* Method C as described in section 4,60




Table 10

Numerlcal Ratings for SAE*AQTL chart (long axes of inclusions

00 degrees from scan line)

' Chart

e i . Ak . Ao e

P ]

}

? Percent area & Total projected % Total count
grading | length, mm, i
silicate Oxide | Silicate] Oxide | Silicate Oxide
1 0.20 | o391 006 | ook !1@Q | 2@
2 0,17 0,56i 0,09 0,11 | 3 (3) 8§ (8)
3 0.38 0,46 0.12 0,09 Lo(4) 11 (11)
L 0.90 0,54 0.28 0,10 9 (9) 14 (1)
5 1,45 2,66 0,44 0,18 112 (13) 15 (16)
5 1.9% 2,22 0,68 0.33 116 (15) 4% (42)
7 P 4,00 i 5,451 1,02 0.82 | 4 (2) [ 54 (98) é
° bog0 0 8860 107 D oL16 17 () e
2

Apparent field size 107 x 80 mm = 8560 mw
mrye field size 1,07 x 0,8 mm = 0,86 mm

2

Numbers in brackets are actual numbers on chart,



Table 11

Numerical Ratings for JK-ASTH charts (long axes of inclusions
90 degrees from scan line)

Chart | Percent area f &otal projected i Total count
grading § ... 4. lemgth, mm, o
. Thin . Thick % Thin i Thick i- Thin | Thick ~“$”j
Type At Manganese sulphidé : ! %
1 | 0,081 0,12 | 0,10 ; 0.20 3 L 3
2 1 018] 029 | 034 o3 L9 9 (9) :
3 0,50 | 0,89 7,951 0,85 P17 16 (16)
b i 1,04 174§ L4610 1,63 . 26 26 (26)
5 i 1.60| 2,6k 2,60 2.79 Ly 43 (43) |
Type B: Alumina | ; %
1 © 0,03 0,07 0.0k 1 0,05 i3 3 (1) §
> 1 0,09] 033 | 03] o0.22 D15 15 (%)
3 | oz0] 095 | 027 o0 | z0 | 31 (4
L | o3| L5 | o57i L0 60 | 66 (92)
5 1,101 3,58 143 2,70 ;157 140 (166)
Type C: Silicate E
1 - 0,06{ 0,09 | 010/ 011 5 3 2 (2)
2 l 0,18 0,23 0.25} 0,25 E 6 4 (5)
3 ' 0,29 0,40 | 0.47] 0,48 i 7 5 (6)
b % 0,481 0,70 0.80} 0,81 - 8 (9
i 5 ! 0,801 1,4 1.4k 1,67 t12 15 (11)
Type D: Globular oxide : !
1 o0k 030 | 008 0,06 |3 3 (3)
2 Joas) oz | o017 023 o L wan
3 ‘ 0.20] 0.5 | 0,27 0. b1 ! 25 26 (26) :
c v doml o Todst o 1w L ow ) 5
5 ol 1w osel o o i 696 |
2

Apparent field size = 80 square mm'= 6400 mm

True field size = 0.80 x 0.625 mm = 0.5 mu™

Numbers in brackets are actual numbers on chart,




Table 12

Numerical Ratings fo¥ Diergarten chart (long axes of inclusions
90, degrees to scan line)

Chart | Percent area ] Total projected | Total count

. grading length, mm, _
o Thin § Thick Thin Thick Thin Thick 1
Form M . T
1 0,13 | 0,14 0,09 | 0,09 b () § & (1)
2 0.40 | 0,31 0,19 { 0,19 8 (8| & (3
3 | 0.4 | 0,55 0,36 | 0.33 13 {12); 6 (5)
b loes | 0,77 0,57 } 0,5k | 21 (21)} 16 (17)
] s 1,80 | 2.k40 1,17 | L%k 45 (L6)) 28 (20)
6 2,87 { 2,87 1,93 | 1.69 47 (55){18 (19)
7 5.99 | 6.66 3,50 | 2,68
8 8.99 111,36 6,60 | 4,05
Fo.n T : ! :
1 0,05 | 0,07 0,08 } 0,08 8 (8){ 8 (8)
2 0,13 0,27 0,16 t 0,23 16 (16417 (18)
3 0,5k 0. 34 0,19 0,22 16 (16) 16 (1.6)
: S 0.49 | 0,69 0.25 [ o,k2 2 (26) 26 (31)
5 1,09 | 0.92 0.55 | 0,67 24 (304 20 (24)
6 1.4k6 | 2,03 1,11 | 1,04 34 (37Y 39 (41)
7 5.59 3.36 1,99 2,90
8 671 | b3 3,30 | 415
Lugelfom K : :
1 , 0,06 : 0,02 v 1)
2 0,10 0.03 | 2 (1) w
3 0.18 | I oo | 2 (1)
b loso | . 0406 T )
5 lomn | 0,09 2 (1)
1 6 111 N 0.12 6 (1) |
b7 2,83 * - h
; 8 5,10 ‘; ~ - |

-  denot t a ]
enotes not dstermined continuedo.,.




Table 12 [Contd, ]

| Strichform S

1 0,07 0,06 1 (D)
2 0.26 0.12 1 (1)
3 0,29 0.15 1 (1)
4 0.39 0,21 1 ()
5 0.74 0.30 1 (1)
6 1.49 0,32 1 ()
7 2,97 1 (L)
8 L, 35 1 (1)

Doppelzeilenform 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 L (4)
6 1.57 0,68 6 (6)
7 2,96

8 3.91

Vielpunkform 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 L o(h)
7 .81 f |

8 317 |

Apparent field size 80 mm square = 6h00 i

True field size = 0,80 x 0,625 mm = 0.5 mm2

Numbers in brackets are actual numbers on chart,




Table 13

Distribution of percentage area determinations made om a hundred
- randomly selected fields of view

Percentage %‘ Specimen No, B

area 1 i 2 3 3

j
0,10 - 0,20 2 5 3 2
0.20 - 0,40 10 9 8
0,40 - 0,60 13 16 13
0.60 -~ 0,80 23 24 30
0,80 - 1,00 1k 19 18
190 - .20 16 8 9
1,20 - 1,40 13 6 6
1,40 - 1,60 6 8 6
1,60 - 1,80 2 L 2
1,80 - 2,00 1 3 1

] :




Table 14

Comparison between JK ratings obtained by Quantimet and two operators®

for same fields of view

1 Samplé Method JK Rating: Frequency per 100 fields
Crade? | i
. o { 1 2 3 4 + 5

Quantimet 82 15 3 . . .
Manual Optr,1 4 78 17 3 2 - .
{Manual Optr,2 9 6 > . . .
Quantimet 81 11 5 3 . .
Manual Cptr,1 70 23 5 2 . .
Manual Optr,2 92 6 2 . . .
Quantimet 97 3 . . . ]
iManual Optr,1 98 2 . . . .
Hanual Optr,2 100 . . . . .
Quantimet 20 70 6 2 1 1
Manual Optr,1 Lo 54 3 1 1 1
i}Manual Optr,2 33 60 L 2 1l .

* TIxperienced operators




Percentage area counts determined on adjacent samples step-forged

to different size sections

Lrmetine,

Section size

Frequency of fields, %

& Parcent area |

! 935

""""""""" T area .. - T0.0%~ i
range <O'03'0.20 73 Mean | Std,devn,

Steel 1

15 em x 15 cm 86 {11 0,05 0,23
0cemx10cm | 87 (11 0,03 0,03
7.5 cmx 7.5 cmp 71 _ 29 0,03 0,03
Secmx S cm 86 114 0,02 0,03
2.5 em dia, ol 9 0,01 0,02
Sveel 2

15 cm x 15 em 64 |35 1 0,04 0,04
10 emx 10 em | 88 |11 1 0,02 0,02
7.5 em x 7,5 emj 91 8 1 0,02 0,02
Semx5em 81 ,19 0,02 " 0,03
2.5 cm dia, 7 ; 0.01 0,02

- iRl




Table 16

Total length counts determinéd on adjacent samples step-forged to
different size sections

“4 Section [ Total length, gm.
Size Mean Y  Std, dewvn,
Steel 1 S 1
15 cm X 15 cm 19 : 63 s
10 om x 20 em 12 ! 16
7.5 cm x 7.5 cm ) 16 20
5cmx5 on 16 20
2.5 cn dia, 6 9
1 Steel 2
| 15 cm x 15 cm %6 1 36
| 0 em x 10 cm 12 { 12
7.5 cm x 7.5 cm 20 28
Semx 5cn 23 22
2.5 cm dia, L 8 16
1
; i J




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 (Mean/field) _ greater than: u
| 100m| 15m| 204m | 25.,m
T Steel 1 - ®
15 cm x 15 em 1.51 0,30 0.12'!;1 20,08 | 0,05
10emx200u { 1,01 L 0,17 | 0,06 | o004 | 0,02
7.5 cm x 7,5 cm 1,37 V0,35 0,10 0.0k .
t 5emx5en 1,51 0,23 0.01 . . 1
2,5 cm dia, 0.81 0,19 . . .
!
Sirel 2
15 em x 15 com 3,63 0.13 0.03 | 0,02 { o.01
10 em x 10 em 2,66 0.Ch 0,01 § 0,01 { 0,01
7.5 cm x 7,5 cm 2,17 0.05 0,03 0,01 .
5cemx5ecenm 2,80 0.05 0,03 o .
2.5 cm dia, 1,27 !i 0.06 0,01 P R J




Table 18

Size distribution results for manpganese sulphide inclusions in same

sample but different planar sections

|

i Planar Sectionf

Jize distribution: Number greater than

stated size per 100 fields (16 mmz)

Total | >104m :wao,%m 504 m | 100 zm

Feraing steel

A 604 70 18 1 o

B 797 112 32 1 .

c ! 1900 85 2 .. .
Heh sulphur free-cutting steel

A 2398 7 513 1 211 2k .

B 2008 511 1 216 22 .

¢ 3700 | 459 112 . ]

" gee Figs, 34 and 35,




Table 19

Size distribution results for oxide (alumina) inclusions in same
- sample but different planar sections

e, —

Plahar sectiong ; Bize distribution: Number greateér than
stated size per 100 fields (16 mma)
Total |»10,m | 20,m | 50 4 | 100 /,mwl
Forging steel
A 115 3 . . .
j B 140 L . . .
c 190 0 . . . 1
{ Migh sulphur free-cuttiné steel
A Z 252 2 ‘ . . .
B ( 219 | 2 . . .
} ¢ 437 | o I Lo : .
; | I A I , i b

® See Figs. 34 and 35,




Table 20

Grand summary of results cobtained on "dirty", "clean! and “wery clean"

specimens, numbers 1, 2 and 3 respectively

Percentage ~rea
Specimen Frequency per 1000 fields
Number <0.03% [ 0,03-{0,20- | 0,55-| 1,204, , oo Mean lStd.
0, 200! 0,5%5 | 1,200%] 2,704~ “* devn,
1 e, [ 2280 7 I W | 0,032} 0,093
{rairty" i
2 8% jx024 8 { . 0,009| 0,020
"Clean"
] }
3 900 go ! 20 4, . 0.009} 0,023
"g-ery clean" t 1
Spreimen ! Count: Mean number per field (0,25 mm2)> thans
Nunber .
1.0.#m i 3.0 2m 10,0 20.C4m
(Total ’ A 2t
i __count)
1 1,8967 0,1500 0,0125 .
"dirty"
2 1,2500 0,0350 | . .
é"clean"
4
o3 0.9600 0. 0400 . )
I'very clean" : !




Table 21

Summary showing distribution of fields with various numbers of oxide

inclusions for "dirty',

"elean' and Y'very clean" spe01mens, numbers

i, 2 and 3 regpectively

Number of inclusions

Specimen number

per field 1 "dirty" 2 "clean" 3 "yery clean'
Q 320 370 ©30
1 250 290 200
2 170 170 60
3 20 100 30
L 50 . ho 30
5 20 20 20
6 20 10 10
7 20 . .
8 10 . 10
9 10 . .
10 and more 4o . 10
“Statistics
Mean 1,89 1.25 0,96
2,45 1,43 1,50

Std, dewn,




Table 22

- Details of steels used in investigation on billet sampling

Billet Compoeition, wt, percent

C ¥n g1 s P M Cr 1o Cu Sn
Ps87 0,42 1,35 0,27 0,034 2,720,39 0.29 0,10 0,16 0,025
T369 0,13 0,50 0,27 0,032 0,061,50 1.56 0,05 0,12 0,015
Hanufacturing P587 1369

details of cast

Quality

Deoxidation

“ingle or double slag
Vacuum degassed
Gr~in size controlled
Tapping temp, of cast
Teeming temp, of cast

Number of groups in
cast

Total number of ingotd
Ingot weight, cwt,

Length of billet
examined :

JDM 1041 F, Equiwv,
British spec.BEn 15

SiMn/Al
Single
Yes

No
1700°%C

l?OOgC before degas,
1570°C after

2

13
34,5

15' approx.
(4,7 metres approx, )

15 NiCrlob

5iMn/A1
Single
No

No
1625°C
1585°%C

2

13
57

15' approx,
(4,7 metres approx. )




let

b 23 (P587)

Mean oxide percentage area counts on adjacent sanples from'eclean'bil

Position L‘requency per 100 fields. Arbs % -~

in billet' 0.0%% | 0,03 0.204 0.554 1.20-] = | Mean | Sta.
inches. 0.2004 0,550 1.200 2.70%| 2.70%. Dev.

0 59 % |2 1 . . 0.05 { 0.09.
1 8L 16 . . . . 0.02 0.02,
2 88 12 . . . . 0,01 0.02.
3 93 ] . . . . c.02 0.02.
L 7} 25 . 1 . . 0,04 0.12.
5 80 17 . 1 . 2 0 09 0.45.
6 89 11 R . . . 0,02 | 0.03.
7 72 26 2 . . . 0.03 V.05,
8 84 14 . . . . o.02 | o0,02.
9 80 20 . . . . 0.02 0,03,
10 82 18 . . . . .02 0.02.
11 va! 26 3 . . . 0,04 Q.06.
12 89 8 3 . . . 0.02 0.0k,
1% 83 15 1 1 . . 0.03 0.08,
1k 92 8 . . . . 0.0 0.02.
155 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 L2 51 5 2 . R 0,07 0.01,
20 81 18 . 1 . . 0.03 0.07.
21 69 26 L 1 . . 0.05 0.13,
22 7% 25 1 1 . . 0.04 0,07.
23 92 8 . . . . 0.01 0.02.
2h 88 11 1 . . . 0,02 0.05.
25 90 8 1 . . . 0,02 0.0k,
26 82 17 1 . R . 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 L3 3 1 . . 0.05 0.07.
31 75 24 1 . . . 0.03 0.0k,
32 76 24 . . . . 0.03 0.03.
33 90 10 . . . . 0.02 | 0©.02.
3h 58 Lo . . . . 0.03 0.03,
25 31 16 7 . . . 0,03 0.06.
36 76 21 3 . . . 0.03 0.03.,
37 85 BI . . . 0.03 | 0.05.
38 55 by 19 . . . 0.05 { 0.05.
39 71 29 . . . . .03 0,03,
LI-O 78 22 . . . . 0003 0'03°
bk 35 65 . . . . 0.06 | 0.0,
42 54 L6 . R . . 0.0h 0.0k,
43 71 29 . . . . 0.03 | 0.03.
LY 62 38 . . . . 0.04 0.06.
ks 66 32 . 1 . . 0.05 | 0.12.
46 63 36 {1 . . . 0.0% | 0,04,
Lo 52 L& . . . . 0.05 0,0k,
L8 69 30 1 . . . 0.0k 0.06,
b9 6l 25 |1 A . 0.0% % 0.03,
50 87 13 . o« e . 0.02 ; 0.02.

continuedescse




Table 2% continued

Position Fregquency per 100 fields. ] drea %
in billet. | &2 ‘ '
lo,03%f 0.03-{0.20~ | 0.55-1 1.20.| * Mean ; Std.
0.20%]0.55% | 1.20%] 2.70%| 2.70% . Dev.
51 67 33 . . . . 0.03 0,02,
52 29 56 | 5 5 3 2 0.0o 0.05.
53 38 61 2 . . . 0.02 0.03.
54 64 33 1 . 1 1 0.06 0.06.
55 70 § 28 1 . . . 0,02 0.04,
56 23 77 . . . . 0.03 0.0k,
57 65 34 1 - . . C.03 0.03.
58 L 51 1 1 . . 0.05 0.05,
59 39 10 . 1 . . 0,04 0.03,
60 63 37 . . . . 0.02 0.02.
61 L& 50 3 . . 1 0.08 0.28.
62 50 L7 2 1 . . 0.06 0.08,
63 68 30 . 2 . . 0,05 0.03,
S 7 29 . . . . 0.02 0.03,
65 60 29 1 . . . 0.03 0.05,
66 39 58 1 1 . . 0.06 0.09,
6 67 21 1 . 1 . 0.05 0,18.
6 17 22 11 . . . 0.03 0.0%,
69 4 51 2 . . . 0.05 0,0k,
70 48 51 1 . . . 0.05 0.0k,
71 48 52 . . . . 0.0h 0,03,
72 L8 51 . . . . 0.0% 0.0k4.
73 35 62 3 . . . Q.06 0.05.
7h 68 31 1 . . . 0.04 0.04,
75 6l 35 . . 1 . 0.05 0,14,
76 57 Lo . 1 . . 0.0k 0.08.
77 92 7 1 . . . 0.01 0.05,
78 VAl 28 1 . . . 0.03 0.06.
79 88 11 1 . . . 0.02 0.04,
80 L2 51 6 1 . . 0.07 0.08,
81 78 24 1 . . . 0.03 0.0k,
82 7% 27 . . . o 0.03 0.03,
83 63 36 1 . . . 0.03% 0.03,
8l 63 34 2 1 . . 0.05 0,08,
85 7 26 . . . . 0.03 0.03,
86 65 31 3 1 . . 0.05 0.09.
87 82 18 . . . . 0.02 0.03,
83 77 23 . . . . 0.02 0.03.
89 83 16 1 . . . 0.03 0.04,
90 85 14 1 . . . 0.02 0.0k,
N N ? 1 . 1 . 0.02 0.17.
92 83 17 . . . . 0,02 0.02,
93 N 9 . . . . 0.02 0.02.
94 85 i1 . . . 0.02 0.03,
95 N 9 . . . . 0.01 0.02.
96 86 14 . . . . 0.02 0.02.
97 69 31 e . . . 0.03 0.03.
98 78 21 . 1 . . 0.03 0.08.
99 83 15 1 . . . 0.03 0.13.
100 i82 6 |. f2 | .- . 0.03 0.09.
i .

continuedas...




TABLE 23 continued.

Egstzigzt ) <Fr@ uency per 100 fislds. drea % ‘
i |0.0%%{ 0.03-]0.20- 0.55-] 1.20- > Mean {15%d. Dev
0.20%10.55% { 1.200%) 2.70068  2.70%.
101 63 | %4 3 . . . 0.05 | 0.06.
102 76 23 1 . . 2 0.03 { 0.06.
103 88 12 . . . . 0.02 | 0.02,
104 66 2L . . . . 0.03 | 0,03.
105 68 31 . . . . 0.03 § 0.03.
106 36 60 l" ) » L) ) 0. 06 0.050
107 42 5k L . . . 0.06 | 0,07.
108 73 25 2 . . . 0.04 | 0.05.
109 90 | 10 . . . . .02 | 0.02.
110 11 78 11 . . . 0.10 { 0.07.
111 58 41 1 . . . 0.04 | 0.04.
112 52 L5 2 . . . 0.05 § 0,06.
113 78 21 1 . . . 0.03 | 0.05.
11k 69 3] . . . . 0.0k } 0.03.
11 58 L2 . . . . 0.04 | 0.03.
116 76 24 . . . . 0.02 | 0.03.
117 86 14 . . . . 0.02 1 0.02.
118 63 37 . . . . 0.03 | 0.03,
119 82 18 . . . . .02 t 0.03.
120 80 18 1 1 . . 0.03 | 0.07.
121 75 2L 1 . . . 0,03 | 0,06.
122 81 18 1 . . . 0.035 § 0.05.
123 72 28 . . . . 0.03 { 0.03.
124 86 14 . . . . 0.02 | 0.02.
125 36 14 . . . . Q.02 | 0.02.
126 87 13 . . . . 0.02 ] 0.02,
127 86 1k . . . . 0.b2 | 0.02.
128 0 9 . 1 . . 0.02 } 0,06.
129 60 Lo . . . . 0.03 | 0.03.
130 75 25 . . . . 0.0% | 0.03.
139 82 18 . . . . 0.02 | v.oe.
132 86 13 1 . . . 0.02 [ 0.04,
1‘33 85 1’+ 1 . - L] O. 02 O. 03°
13k 9 9 . . . . .01 | C.02.
135 G2 7 . 1 . . 0.02 | 0.06.
136 ok 6 . . . . 0.01 | 0,02,
137 9 8 1 . . . 0.01 | 0.03%.
138 92 8 . . . . 0.02 | 0,03,
139 85 14 1 . . . 0.03 [ 0.05.
140 87 13 . . . . .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 12k 1 . . . 0.03 | 0.0k,
145 68 2 . 1 . . 0.0% | 0,06,
146 78 20 2 . . . 0.0% | 0.06.
147 62 38 . . . . c.0h | 0.0k,
148 76 24 . . . . 0.0% | 0,03.
149 76 |2h . . . . 0.03 {0.02.
150 70 129 1 . . . { 0,0k 10,05, |

continued..
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Table 23 continued

s 4 Area %
Eﬁsi'gizt. Frequency per 1C0 fieldas. re“ ‘/' L
“
0.03% | 0.03- 0,20~} 0,55~ | 1,20~ | 7 Mean |Std. Dev.
Q.2004 0.55% | 1.20% 1 2,70% ) 2,700
151 8l 16 . » . . 0,02 0.02.
152 55 Lb 1 . . . 0,0k 0,04,
153 86 13 1 . . . Q.02 0.0k,
154 63 35 2 . . . 0.0 0.05.
155 75 25 . . . . 0,03 0.0%.
156 70 19 ] 2 . . . 0.03 0.06.
157 84 16 . . . o 0,02 0 .02.
153 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 . . . . 0.0h 0.03.
163 73 25 1 . 1 . 0.05 0.19.
164 83 17 . . . . 0.02 0.03.
165 o 16 . . . . 0,02 0,02,
166 62 35 3 . . . 0,04 0.05.
167 65 3 1 . . . 0.03 0.0%.
168 79 20 . 1 . . 0.0k 0.17.
169 51 5y |, . . . 0.05 | 0.0k,
170 77 22 | 1 . . . 0.03 | 0.03.
7 68 31 1 . . . 0.0k | 0.05.
172 Le 52 2 . . . 0.05 0.05.
173 62 26 1 1 . . 0.0k 0,08,
174 65 3h . 1 . . 0.04 | 0.06,
175 77 22 4 . . . 0.03 ¢,03.
176 38 26 1 1 2 | 2 0.16 O.??.
177 50 7 1 2 . . a.0% 0.0
178 6l 34 2 . . o 0.0k 0,04,
179 L3 51 % 1 . . « | 0.05 | 0.05.




Table 2k
Mean oxide percentapge area counts on adjacent samples
from 'dirty' billets. (T 369)

Position | Frequency per 100 fields. .. _drea %
in billeﬂt:o.o3%¢ 0.03- | 0.20- | 0.55- | 1.20] % {Mean | Std. Dev.
nenes. 0.20%.4 0.55%. | 1.20%. | 2.70%.]  2.70%.
0 86 12 1 . 1 . 1 0,03 0.1%.
1 65 13 1 4 . . 0.05 | 0.08.
2 80 17 1 2 . . 0.Ch 0.09.
3 &5 14 1 . . . 0.93 | 0.09.
k 81 17 2 . o . 0.03% 0.05.
5 65 31 3 . . . 0.06 0.1k,
6. 75 22 3 . . . 0.0% | 0.05.
7. 6l 27 7 2 . . 0,07 0.12.
8 87 11 2 . . . 0.02 0.0%.,
9 83 17 0 . . . 0.02 | 0.,02.
16 b k9 3 1 . . 0.06 | 0.09.
11 57 4z . . . . 0.0k 0.0,
12 7h 2h 2 . . . 0.0% | 0.04.
13 6l %6 . . . . 0.0k 0,03.
14 69 ok 5 2 . . 0.05 | 0.10.
15 73 24 3 . . . 0.0k 0.05.
16 Bt 44 . . . . 0.0 | 0,03,
17 34 59 7 . . . 0.08 0.07.
18 71 25 k . . . 0.0h | 0.07.
19 80 19 1 . . . 0.03 0,0k .

continued. .




Table

2% continued

Pogition| - Freguency per 100 fields, Area %

in bille 0.0%) 0,03~ 0.20- 0.55-11.20- ] > Mean | Sta. Dev.
1HChes. 0.20%] 0.55%L 1.20%4 2,706 2.70%.

20 50 49 1 . v . 0.03. 0.06.
21 7% 25 2 . . . 0.,03. 0.06.
22 79 20 1 . . . 0,03 0.0k,
23 81 17 2 . . . 0,3 0,05,
24 64 35 1 . . . 0.0k 0.C3.
25 89 11 L L L] [ 0002 00020
26 82 17 1 . . . 0.03 0.03.
27 83 17 . . . . 0,02 0.02.
28 62 38 . . . . 0.04 0.0%.
29 65 29 6 . . . 0.05 0.07.
Z0 57 43 . . . . 0.04 0.03.
%1 80 19 1 . . . 0.0% 0,0k,
2 61 26 3 . . . 0.0k 0,05,
3% 38 12 1 . . . . 0,02 0.02,
3l 26 69 5 . . . 0.0k 0,05,
35 9 81 10 . . . 0.10 Q.07.
26 26 64 . . . . .06 0.0k4.
37 55 kg . . . . 0.0k 0.03.
28 pat 63 5 1 . . 0.08 0.03.
39 54 41 5 . . . 0.05 0.06.,

Gontinued- LR




Table 24 continued

Ezs’;ii;g’c oy Frequency per 100 fields, drea %
inches. M0.0%.| 0,03~ | 0.,20~-| 0,55~ | 1.20~ r Std. Devs
' 02001 0.55%4 1:.200. 2.70%, iN2,70%. fiean Std. Dev
40 10 83 7 o . . 0.09 0.06,
)+l 53 )"'L" 3 [} - s 06.05 0.06.
La 37 62 1 , . o 'UL06 0.0k,
k3 27 69 b . . . 0.07 | 0.06.
Ll 77 19 2 2 . . 0.03 0.06.
45 36 62 ? . . . 0.07 0.07.
}4"6 1-2 82 6 L] © » 0108 00050
L 26 65 7 2 . . 0.10 0.12.
43 60 28 2 . . . 0.0h 0.0k,
Lg 66 28 2 b . . 0.05 0,12,
50 60 38 2 . . . 0,04 0.05.
51 23 75 2 . . . 0,07 0.05.
52 73 22 L 1 . . 0.0k 0.08.
53 75 18 6 1 . . 0.06 0.12.
5k 17 77 6 . . s 0.11 0.09.
55 55 Lo Ly 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 L7 6 . . . 0.06 | 0.06.
62 15 71 14 . . . 0.11 0.08.
63 7 69 24 . . . 0.16 | 0.10.
64 13 7k 12 1 . . 0.11 0.11.
65 32 58 1 9 1 . . 0.07 | 0.10.
66 b1 59 . . . . 0.09 | 0.08,
!

continuedeeesae




Table 2h continued

_ igs‘ﬁﬁz Frequency per 100 fields, drea %
inches. te o o3%.] 0.03- | 0.20- 1 o, 55-] 1.20- Mean | Std. Dev.
’ O.ZC%. 0055%-{ 1020‘%3 2070%0 7207%

&7 25 73 2 . . . | 0.06 | 0.03.
68 21 71 8 . . . .06 0.05.
69 65 23 b 0 . . 0.09 0.10.
20 Ly 51 5 . . . 0.06 0.06.
?1 30 6'1 9 * @ . 0-08 0.686
72 9 72 18 1 . . 0.15 § 0.12.
73 61 36 3 . . . 0.0k | 0,04,
i 33 64 2 1 . . 0.07 0.08.
75 57 Lo 1 . . . 0.04 0.05.
76 28 54 10 7 1 . 0.14 0.20.
7 52 L4 b . . . 0.05 | 0.05.
(8 26 60 lL|' . . . O. 09 On080
79 55 36 9 . . . 0.05 0.07.
& 33 55 . . . . 0.07 { 0.07.
8 49 47 4 . . . 0.06 | 0.06.
82 L8 L7 5 . . . 0.06 0.06.
83 57 41 2 . . . 0,04 0.83.
SL" 58 L J‘h?. - - . - O.OLP O . 3.
5 65 35 . . . . 0.03 .03,
86 28 66 5 1 . . 0.08 0.09.
&7 50 Lh 6 o . . 0.06 0.12.
88 66 30 3 1 . . 0.05 0.08,
89 22 20 8 . . . 0.09 0.09.
90 51 48 1 . . . 0.05 0.0k,
N L 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.
ol 0 61 32 7 . . 0.2% | 0.17.
95 21 75 b . . . 0,08 0.07.
96 0 87 13 . . . 0.13 | 0.08.
97 ik 7 15 . . . 0.12 0.11.
98 18 76 6 . . . 0.08 0.07.
99 3 83 13 1 . . 0.1k 0.08.
100 25 63 2 . . . 0.06 0.05,

con‘tinue&u esassvas




Table 24 continued

1;1?15’;;1;2‘ Frequency per 100 fields. 2 ea_ %

inches, &0.03%.] 0.03-] 0.20- |0.55-} 1,20~ § ° Yean Std, Dev.
0.2004 0.55%, [1.2006) 2,705, {22, 7064

101 51 Lo 7 R o o 0.04 0.03,

- 402 68 27 5 . . . 0.0h 0.05.
103 . 86 14 . . . 0.13 0.06,
104 27 70 3 . . . 0.07 0.06.
103 79 19 2 . . . 0.0% 0.06,
106 77 22 1 . . . 0,03 0.03,
107 48 Ly 3 . . . 0.0€ 0.05.
108 65 31 2 1 1 o 0.06 0.16,
109 Lg 50 1 o . . 0.05 0.05.
110 66 3h . . . ° 0.03 0.03.
111 L7 50 3 . . . 0.06 | 0.05.
112 61 3h b 1 . . 0.06 | 0.09,
1" 71 27 2 R . . 0.0% 0.03,
114 48 49 6 3 1 1 0.15 0.50,
115 75 25 . . . . 0.03 0.03,
116 55 Lo 3 o . . 0.04 1 0.04.
117 6Q 37 3 . . . 0.0k% 0.05.
118 4 57 2 . . . 0.06 0.07.
119 N 1 . . . 0.05 | 0.0k,
120 38 58 b . . . 0.06 0,05,
121 58 Lo . . . . 0.0k 0.03,
122 68 31 1 . . . 0.04 0,06.
123 34 65 1 . o . 0.06 0.04,
124 63 35 2 . . . 0.0k 0.05.
125 36 62 2 v o . 0.06 0.05,
126 74 21 1 . 1 . 0.06 0.21.
127 75 25 . . . . 0.03 0.0k,
128 g8 | 12 2 . . . 0.02 0.03%,
129 L8 L8 b . . . 0,06 0.06.
120 7 63 30 . o o 0.15 0.11.
131 63 2k 3 . . o 0.05 0.06.
132 5% Ly 3 . . o 0.05 0.06.,
133 27 59 12 2 o . 0.11 0.1k,
134 38 50 11 1 . . 0,12 0.07.

continuedeccvvcosee




Table 24 contlinued

Position

in billet Freguency per 100 fields, Area? %
inches. |€ S, o
«0.03%.| 0.03- {0.20- | 0.55~ | 1.20- Mean [3td. Dev.
0.20%.1 0,556, § 1.20%e] 2.700%. | 2.7 oo
135 5 86 9 . . . 0.09 { 0,12,
136 74 20 5 1 . . 0.06 | 0.13.
137 62 25 1 2 ° . 0.05 { 0.09.
138 1k 81 b 1 . . 0.09 | 0.11.
139 61 26 3 . . . 0.04 } 0.05.
140 60 38 2 . . . 0.04 | 0.05.
141 33 57 10 . . . 0.08 | 0.09.
142 56 4 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 | 0.0k,
147 69 31 o . . . 0.03 | 0.0k,
148 51 bg b o . ° 0.05 | V.05,
149 6h z2 2 . . o 0.04 | 0.0k,
150 52 Li L . . . 0.04 | 0.0k,
151 30 65 5 . . . 0.08 | 0.07.
152 2L 48 18 . . o 0.11 | 0,11,
153 L8 59 3 . . . 0.05 | 0.05.
154 20 6l 6 . . 0 0.08 | 0,07,
155 71 29 . . . . 0.0% | 0.03.
156 67 29 4 . . . 0.0k | 0.05.
157 71 16 10 3 . . 0.07 | 0.15.
158 22 63 5 . . . 0.07 | 0.06.
159 57 43 . . . . 0.04 | 0.03.
160 11 87 2 . . . 0.08 { 0.05.
161 50 L3 2 . . . 0.05 | 0.06.
162 58 41 1 . . . 0.04 | 0.0k,
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 . . . 0.05 { 0,08,
167 Lo 5k L . ‘ . 0.06 | 0,05,
168 L 7 2 . . . 0.06 | ©0.06.
169 49 6 . 2 2 1 0.15 | 0.52.
170 29 &0 1 . . . 0.06 | 0,05.
171 bz 57 . . . . 0,05 | 0,04,
172 60 Lo . . . . 0.C4 | 0.03.
173 71 27 2 . . . ©.03 | 0,04,
174 68 22 . . . . 0.03 } 0,03.
175 38 55 6 1 . . 0.07 | 0.13.
176 59 Lo 1 . . . 0.0k ] 0,04,
177 hly 55 1 . . o 0.05 § 0,05.
178 21 78 1 . o . 0.08 | 0,05.
179 56 Ll . A . 0.04 | 0.04.




TABLE 25
Oxide percentage area and projection counts on specimen
No. P.587 - 53. after thirty repolishes.

RepolisH. Percentage area. ‘ N Projection.
¥ (Total length).

- Freguency per 100 Fields* mils

o s _
0%} 0.03-{0.20-{0.55- 1.20%!2?50% ol pese | Meamg Ste.
0.20%] 0.55%{ L. 20%{ 2. 40% (vig-ﬂ) ev-
Original, | 29 ' 56 5 5 3 2 56k ) 6l Lo
1 L8 36 L 9 3 1 P72 Zh22 1261 228
2 L2 50 2 2 b . |1287 3569 120} 272
3 61 35 2 2 . . 61k 1439 ekl 112
b 8l 15 1 . . . 223 313 L 36
5 81 16 3 ' . . 314 587 26 56
N 81 19 . . . . 223 254 20 28
7 86 9 4 . 1 . 459 1851 kot 280
8 32 10 2 2 3 1 1377 5478 _561 184
9 82 11 1 2 2 2 {1393 5832 561 228
10 81 14 . 3 . 2 11289 6489 521 212
11 82 12 4 . . 2 1567 9287 Lt 200
12 76 19 2 . . 3 bz 6851 521 20k
13 9k 5 . R . 271 1828 120 76
14 93 b 1 1 . . 148 715 12} 44
15 89 7 2 1 1 . 466 2472 20 96
16 92 3 . 1 1 3 {1559 7602 L8t 20k
17 93 6 1 . . . 126 318 8 12
18 oly 6 . . . . 92 187 8 12
19 82 17 1 . . . 207 390 12 16
20 95 5 . . . . 56 113 h 8
21 91 9 . v . . 114 239 8 16
22 92 7 1 . . . 148 395 8 2k
2% 96 4 . . . . 57 108 Ly 8
2k 87 12 1 . . . 199 513 12 28
25 86 12 . 2 . . 330 1418 12 LAy
26 95 5 . . . . ok 187 4 12
27 7k 26 . . . . 231 280 16 20
28 85 15 . . . . 154 283 3 16
29 6l 36 . . . . 305 291 20 16
30 91 8 1 . . . 120 32 8 24

1
* Lirea of each field = 0.5 sq.mm.
+ grenimen reground and polished, approximately O.S5mm.of

gurface removed each time.




TABLE, 26

Oxide percentage area and projection counts on specimen
No,P587-1 after thirty repolishes.

Regolish Percentage Area. Projection.
Frequency per 100 fields* - (tot:;.length)
Pt <l
03%10,03= | 0.20-10,55-] 1,20% éryc% Meanq) Std. Mean. Std.
0.20% | 0.550611. 200 2.70% (X107 Lavea Dev, .
[t Wa

Originalg 59! 36 2 1 . . 48" 881 4l 52
1 611 37 2 . . . 402 hoy 48 L
2 691 26 3 2 . . 525 1088 60 8L
3 83} 16 1 . . . 270 sk 32 40
b 85| 14 1 . . . 239 k52 28 L
5 72t 26 1 1 . . 3h0 769 48 8l
6 gol 10 . . . . 129 166 12 20
7 881 11 1 . . . 203 Loz 2h 26
3 95 5 . . . o 56 136 b 12
) 88¢f 12 . . . . 119 227 8 16
10 734 27 . . . . 249 281 20 20
11 731 24 1 3 2 . 913 3295 Lh 120
12 781 20 1 1 . . 327 1125 20 52
13 861 12 . 1 . 1 503 3134 2h 100
14 95 5 . . . . ol 148 8 12
15 891 11 . . . . 107 2hg L 12
16 9!‘1' 6 L] . L L] 77 175 L“ ’ 8
17 881 1 1 . . . 156 479 8 24
18 89{ 10 1 . . . 14 338 8 16
19 82l 17 1 . . . 202 349 16 28
20 751 21 1 1 1 1 822 3519 L 156
21 84l 16 . . . . 176 292 12 20
22 69| 28 3 . . . 227 5hit 20 32
23 791 20 1 . . . 213 hoo 16 2L
24 g2 8 . . . . 88 192 b 12
25 81 13 . 1 . . 222 901 12 36
26 791 19 2 . . . 254 435 16 L2
27 78F 21 1 . . . 256 519 16 32
28 86| 13 . 1 . . 254 1056 12 28
29 &1 13 . . . . 145 208 8 12
30 891 11 . . . . 105 256 8 16

* Area of each field = 0.5sq.mm.

+ Specimen reground and polished, approximately O.5mm of surface

removed each time.




TARLE 27

Oxide percentage area and projection counts on Specimen

No.P58?-126 after thirty repolishes.

Repolishi Percentage area. Projection.
¥ Frequency per 100 fields* " (t°t§i length)
P
003%10.03-10,20-10.55-{1.20%] ™ { Mean., | Std. Mean. [Std.
0,200 1. 2006 |1, 20%| 2 . 705 [2- 700 24y | Deviay Dev...
(X10 9 (x20 3
Original.}86. | 1k4. . . . . 202, 222. 20, 2k,
1. 72. § 27. 1e . . . 288, 333. 32, 28.
2. 67. | 33. . . . . 320, 292. 4o, 32,
2 77. | 22. 1. . . . 261. 316, Z2. ko,
b, 88, | 1. 1. . . . 198, 302, 20. 2k,
S 87. } 12. | 11. . . . 210, hs6. 20, 28.
D 87. § 13. . . . . 171, 320. 16. 32,
7 73. 1 26. 1. . . . 12, 409, 28, 36,
8. 92. 8. . . . . 102, 191. 8. 12,
< 02, 7. 1o . . . 111. 485, 8. 28,
10. 90. 9, . 1; . . 230, 9L8, 1z. 36,
11. 92, 7 1o . . . 1k, 378, &, 20,
12. 90. {10, . . . . 116. 21k, 8. 16.
13, ok, 6. . . . . 82, 206, 4. 12,
1k, 190. } 10, . . . s 132, 2hs, 8. i2.
15, dg9.. | 11, . . . . 119. 242, 8. 12.
16, 85. § 15. . . . . 174, 295. 12. 16.
17. 8l. | 19, . . . . 169, 258. 8. 16.
18. 8. | 11. . . . . 125, 220. 8. 16,
19. 87. 110001 1. . 2. 1 515. 2556. 20. 88.
20, 92. 8. . . . . 90. 202, L, 12.
21. 86. { 1k, . . . . 159, 215, 12. 20,
22, 6, | 35. 1. . . . 340, 520. 20. 24,
23, 86, |1k, . . . . 142, 200. 8. 12.
2k, Q0. 9. 1. . . . 149, 323, 8. 20.
25, 91, 9. . . . . 132, 286. 8. 20.
26. 80. 1{19. 1. . . . 228. 313, 16. 20,
27. 84, {16. . . . . 153, 262. 8. 16.
28, 92. 8. . . . . 100, 175. 4. 8.
29. 82. |18. . o . . 168, 230, 12. 16,
30, ol. 9, . . . . 100. 232. 8. 12,
* Area of each field = 0.5 sq.rm.

+ Spec¢imen re-ground and polished,

of surface removed eagch time.

approximately 0.5.mm.




Table 28

Details of two ingots used in inclusion distribution

Study
Cast no. 5485
Pit A
No, of ingots in cast 32
No, of groups 5
Weight of ingot 36 cwt,

No, of inpots in each group:

Group 1 Group 2 Group 3 Group &4 Grouﬁ 5

8 8 8 6 2
Method of teeming bottom
Teeming temperature 1560°C
Nozzle size 17/8 dia, Magnesite (47 mm)
Group Teeming time Yeeding time
1 3r55n 1rz2om
2 Lgon 1t 30n
3 Lrss 1t40m
b 5120 150"
> 2135" 0. 4on
Deoxidation: Si Mn in furnace, & 1b/ton
(0,22 kg/tonne) Al to ladle
Billet size 27/8“ (73 mm) sq, section

Length of billet 12'11" to 13'1" (3940-3930 mm) approx,

Composition: Wi, %
c Mn si < P M Cr Mo Cu ©&n

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~ 0,030-0,025 , . 0,20-, .

limits

0,40 1.60 0,%0 0,040 Max, 0.30

-




Table 29

Details of samples used from two adjacent ingots of

low alloy steel

Sample EYosition in

Specimen/billet: coding

Remarks

%0 'iifgt%oﬁ . Ingot 1  Ingot 2

1} 6 62T | 6LTT ExtremeT£op next to discard

2 17 g27 ehT

3 25 62 6L

4 25 62 64

5 L, 628 64B

6 { 54 61TT | 63TT Liddle

? 63 617 63T

8 72 61 63

9 81 61 63

10 90 61B '633 One billet length from
bottom

11 99 61B7 |63BR7 Bottom next to discard

1l 90 618 638 One billet length from
bottom (top)

2 91,2 61BL |63Bl

3 92,5 6182 |[63B2

L 93,8 61B3 |63B3%

5 95,1 61B4 16384

6 9.4 61B5 |63B5

7 97.7 6186 |63B6

8 i 99,0 6187 |63B7 Bottom next to discard

Note: Adjacent samples from the above positions were selected for

Quantimet, sulphur printing, total oxygen and step testing.




Table 30

~ Composition of typical oxide inclusions determined
by electron probe micro-analyser

Metallographic | Inclusion Mean composition, % |
] deszﬁﬁjéggnﬁ o . Mn0 | 510, | AL,04 a0
Stringer type with 1 Io28 % | 20 4
sacond phase 5 i 21 32 | 22 3
3 % | 3 | 25 A
Stringer type with | b . . J Gk 3
no second phase 5 . . 9% P
6 . . | 98 72
Discrete particles 7 . . 93 b 5
8 . . 9k b
9 . R 3
! |
i

i, .

XFound in matrix in two-phase inclusions,




Teble 31,

Oxdde percentage area counts on billet spmples from Ingot 1.
Position Position Mean
in sample in ingot. | Frequency per 100 fields. percent
' OB 0.03=10.20-] 0,55~ ]|1.20} o= [BT%2-
0,200 10,55% 1,200 2. 70812 ., 70%
1 top. 97 3 ° . . . 0.01,
2. 87 12 1 . . . 10,02,
3 91 8 1 . . . ‘0.01.
4 85 14 1 . . . ‘0,02,
5 91 8 1 . . . 0.02,
6 92 6 1 . . . 0.01,
A 7 92 81 . . . . 0.01,
8 92 6 2. 1 . . 0.01.
9 ok 5 1 . . . 0.01,
10 89 10 1 . . . 0.01,
11 bottor. 89 10 1 . . . 0.01,
1 tope. 92 6 1 . . . 0.01.
2 93 6 1 . . . 0.01.
3 22 v/ 1 . . o 0.0,
L 88 11 1 . . . 0.02,
5 88 11 1 . . . 0.01.
B 6 87 8 3 . 1 1 0.0%,
7 90 8 1 1 . . 0.02.
8 gl b 2 . . . 0.01.
9 93 b 2 1 . . }0.02,
1C 88 10 2 . . . 0.01.
11 bottom.}] 37 10 1 1 - 1 0.04,
Ed;g/e/ / / i Centre of hillet
¥

A

o

\

Sample




“Table 32

Oxide percentare area counts on billet samples from ingot 2.

Position | Position Mean
in sample} in ingot.| Fregquency per 100 fields. per cent
-l arei.
0.03%10,03%34 0,20-{0.55-11.20~-] >»
0.20% 0.55%11.,20%| 2. 708 12 . 70%

1 L ] L ] L] o L] . -
2 S0 10 . . . . .01,
3 N 8 1 . . . 0.01.
L 92 6 1 1 . . c.02,
A 5 95 5 . . . . 0.01,
6 38 10 1 . . . 0.02.
7 93 7 v . . . 0.01,
8 93 | 6 1 . . . | 0.01.
9 91 7 1 . . . 0.02.
10 S0 8 1 1 . . 0.02,
11 93 5 1 1 . . 0.01.

1 [ [ . - * - . L]
2 97 3 . . . . .02,
3 9 8 1 . . . 0.01.
l+ 92 8 - L ] L] -+ O [ 01 -
5 &7 11 2 . . . 0.01,
6 93 6 1 » " . 0.01.
B 7 86 12 2 . . . 0.02.
8 92 7 1 . . . 0.02.
9 87 9 3 . . . G.02.
10 gl 4 1 i . . 0.01.
11 89 1G i ! . . 0.01.

"/
-Edgfff/ ,/’/;? Centre of billet
) .
Sample

e i A



Table 53

Oxide size distribution counts on billet samples fron Ingot 1.

Pogition} Position | pumber per sq.cm.in each size range AW
in in 1.0~ } 3,0~ } 10,04 20.0-{ 50.0- S
sample. | dingot. 2,0 110.0.} 20.0 !50.0.1100.0. 100.0.
1 top. 502 67 b4, . o .
2 741 204 i 18 . .
3 817 168 40 3 3 .
4 777 278 &3 3 . .
5 ol 138 21 . . .

A 6 k19 90 27 2u . .
2 200 111 15 2 . .
8 676 198 77 2 2 .
9 L4z 126 20 1 . .
10 624 140 18 . . .
11 bottom. phl3 257 12 3 . .
1 €h3 110 27 . R .
2 439 104 30 2 . .
3 Los 317 10 L . .
L 887 85 11 . . .
5 288 57 97 6 . .
6 Pl 309 89 4 14 .
B 7 718 194 67 1 30 .
8 730 227 27 L . o
9 577 202 20 2 . .
10 505 105 19 . . .
11 i
Bdge 7. = e
A B } Centre of billet

Sample

-~

-




Table

3k

Oxide size distribution counts on billet samples from ingot 2.

Sample

Pogition | Position Number per sg.cm.in each size range,ume.
in in 1.6~} 3.0- | 10.0- ] 20.0~) 50.0- >
Sample. | inget. §3.0.}1 10,0.1 20,0, 50.0 1100, 0. 100,
'1 - - ] L] L] -
2 77 117 1k . . .
3 24 139 . . . -
4 342 | 114 . o . s
I 3l 1 165 18 2 o .
6 805 { 133 3 . . L
A 7 622 | 88 . . . .
8 636 | 124 . . . .
9 698 | 110 . . . .
10 735 | 152 8 7 . .
11 b3 81 9 2 . .
1 L] a » a2 L ] L]
2 179 72 3 . ° v
3 376 &7 10 6 . .
L 28k 77 5 . . .
< 485 | 135 43 6 . .
6 91 172 58 15 33 .
B 7 977 | 261~ 20 2 o 51.
g 820 | 261" 52 2 R .
9 1621 149 42 13 . .
10 601 32l 39 21 . .
11 o8k { 117 23 . . .
Bdge -
- 1/ - \/) Centre of billet




Table 35

Oxide percentage area counts on samples from botfom billet
of ingot 1.

!
‘Poiitlon Poiitlon- Trequency per Tog £iclds Mean .
- ooy bercen
sample. |billet. |0.03%|0.03-}0.20~| 0,55~} 1.20~- & | area.
0.20% 0.55%| 1.200) 2,708 | 2,705

1 +op 89 | 10 1 . . . 0.01.

2 93 7 . . . . 0.01.

3 84 115 11 . . . 0.01.

A 4 87 12 1 . . . 0.02.

5 91 6 1 1 1 . 0.0k,

6 90 9 1 . . . 0.01.

7 ol 4 1 1 . . 0.01.

8bottom| 89 10 1 . . . 0.01.

1 top 88 10 2 . . . 0.01.

2 87 11 1 1 ¢ . 0.02.

] 9 | 8 1 1 . . 0.02.

B L 92 8 . . . . 0.01.

5 82 18 . . . . 0,02,

6 9% 6 1 . . . 0,01,

7 88 11 1 . . . 0.02.

8 bottom 87 10 1 1 . 1 0.Ch,

- i
L

Eigg//f "{/f/fﬁ
1

Sample

Centre of billet




Table 36

Oxide percentage area counts on samples from bottom billet of

ingot 2.
Position [Positicn | Frequency per 1C0 fields. Mean

in in ) 0,03% | 0,03-10.20- 0,55-] 1.20~] %= vercent

earple. § billet, 0.20%]0.55%] 1..20%1 2.70%{2.7C% | area.

1 top. | 90 8 |1 1 . . i 0.02.

2 93 6 1 f . . Cc.01.

% 86 12 1 1 . . 0.02.

A 4 ol 5 1 . . . 0.01.

5 oh 5 1 . . . 0.01.

6 90 9 |1 . . . 0.02.

7 %2 ? 1 . . . 0.0%,

8bottoml 93 5 1 1 . 0 0.01.

1 top ol N 4 1 . . 0.01.

2 85 12 2 1 . . 0,02,
3 88 9 3 . . . C.02. .

B b 88 11 1 . . . 0.02.

5 o4 5 {1 . . . 0,01,

6 80 15 3 1 1 . 0.0k,

7 ol 5 1 . . . 0.C1.

8 bott?f. 89 10 1 . . . 0.01.

B P /’ F
Tf”f, Centre of billet
, A B
Sample -t




Table 37

Cxide size distribution counts on samples from bottom billet of ingot 1.

Number per sg

C.Muin each size range anm.

Position [Position
Cdine 7 in 1.8- ] 3.0- 10.04 20.0- | 50.0- ~r
sample. jbillet. 3,0, | 10.0. [ 20,0.{ 50.0, ( 100.0.{ 100.0.
1 624 140 18 . . .
2 662 96 19 . . 0
3 720 173 17 . . .
A L 1153 67 13 2 . .
' 5 635 156 22 16 2 .
0 1076 227 16 1 . .
7 1212 195 15 . . o
8 1413 257 12 3 . o
1 505 105 19 . . .
2 917 169 28 4 2 .
3 807 2l 28 . . .
b 4 567 104 1 2 . .
5 1592 184 bs 23 . .
6 354 194 63 3 . R
7 1371 18% 31 6 . .
8 593 275 16 50 20 20.
Edge ’
8 ///, Centre of billet
A B

Sample




38

Table
Oxide size distribution counts on sarples from bottom billet
of ingot 2.
t
Pogition Positioﬂ Number per sg.cm.in' each size range #T.,
1 D 1.8-{ 3.0- | 10.0~ { 20.0-] 50.0- =
sarple. |billet.l sy o 1 315.0.0 20.0. | 50.0.1100.0. | 100.0.
1 735 | 152 13 3 7 .
2 819 | 142 73 3 . .
3 890 | 205 19 2 . .
A b 754 N 18 . . '
5 777 | 122 9 . . .
6 no52 | 194 23 . . .
7 736 § 150 9 . . ’
8 473 &1 9 2 . .
1 601 t 32k 39 21 . .
2 021 | 294 26 5 . .
3 764§ 290 Bl . . .
b 4 742 | 204 28 1 . .
5 56% | 152 14 . . .
6 866 | 281 50 23 . .
7 sht | 132 21 1 1 .
8 98k {117 23 . . .
Py
Blge 7 A 7B | Gentro of hilleb

i
;

j/,/f’

Sample




Table 39

two ingots used.

Total oxygen content on adjacent billet samples from

Position Cxypen , weipght per cent.(XlO_u)
in
ingot. Inrot 1. Intot 2.
1. top. 56 .
2 - 38.
3 36 Lo,
4 28 50,
5 62 60,
6 Ly 70,
7 81 71,
3 L7 Lz,
9 &2 Ly,
10 5% 80,
11 botton. 50 62.
Bottom ‘billets.
Positi , =lt)
osition Oxygen, weight percent (X10
in
billet. Ingot. 1. Ingot 2.
1 Top 53 80.
2 71 67.
3 62 55.
b 59 67,
5 56 65,
6 62 8ly,
7 51 60,
8 bottonm. 50, 62.




ggple Lo

Assessment of inclusion content of billet samples

“From two adjacent ingots by sulphur printing

=Posii:ion in % Classification of samples
ingot Tngot 31 " Ingot 32
| 1 % Clear «: -
2 Clear Clear
3 Clear ' Clear
& Clear i Mleax
5 Clear Spotty
{ 6 Spotty Spotty
7 Spotty Spotty
! 8 Spotty Clear
9 Spotty Clear
i0 Spotty Clear
11 Clear Spotty
j,Bo’ctom billets
1 Spotty Clear
2 Clear Spotty i
3 % Clear . Clear ]
& ; Cleaxr Clear
5 i Clear e
6 Clear Clear :
i 7 i Clear Spotty ;
8 : Clear Spotty

SR




Table 41

Step down visual and magnetic crack detection test results

on samples from Ingot 1

| Position iniNo, of inclusions/step {gggregate inclusion length (mm)/step

ingot . Visual | Magnetic | Visual Magnetic

le¥i 12|33 v 24} 3 { 14} 21} 3
1l Top . . el e . . . . . . . .
2 e | S B . . . . . .
5 SN e 121, . . . .. | 10 .
b .l2 1.2 l211 . 20| . . 7] 26} 6
5 19, 21111 9 . . 12 16} 12
6 . 13 2¢3 17 110 . 31 18 15| 105 |105
7 S I R RN I N AU AR E - B 738 S
8 e | cle {312 . . . . 75 | 55
9 1], L |k {10} . . 18| 571 39
10 1 4. 11 [2 |38 10 . . 15 81 61
11 eIl | {3 {353 . 1 . iz 23| a0
Bottom

Bottom billet

1 11, .11 12 (38 10 . . 15 8! 6/
2 I Jle jJ2 11 . . . . 25 1 20
3 1. ele FXL {1 PAG} . . . 25 { 35
b 2 1. [ 313123 |16} . 21 4z { 17 | 18
5 o« | 1{. {. 12 . ' 8 . . 20
6 o} LI13 1114 . . . by 14 25
7 151 et 113 1 . ks 1 17 } 35
8 .« 11 131313 . 1 . 131 23 | 20

XSteps on test piece, see Fig,S50.




Table 42

Step down visual and magnetic crack detection test results

on samples from Ingot 2

Position in No, of inclusions/step | Aggregate inclusion 1ength(hﬁVétep“
ingot Visual Magnetic Visual | Magnetic
rlal flifzls |12 13 @ 1] 23
, s 12
1-!-
2 A L3 2k . . . 211 29 | 46
z . 12 . 13 12 (12 . 86 . 2k 25 12
4 . 11 Lih s )2 o 9 . 28 | 100 65
5 P 1j1 |11 . . 3 10 15 35
6 1., R R AR 6| . . 20 . .
7 ootz L) ], 651 25 | 30
8 311 R R I 29 7 . 83| 123 10
9 Lt2 b, 1t 2 . | 22 8 . 50 | 16
10 311 1{7 {4} 6 19 4 6 63 57 53
11 i1t W3 3] 3 . 1. 13| 25 | 20
vottom billet
1 311 1|7 1416 |19 4 6 631 s7 | 53
2 e | . 1211 . . . . 11 | 10
3 . | 2 11k . . . 15 5| 65
" .l2l 1115 . 6 | 12 6 7 1 2L
5 latb ezl (. ol 8 il 28 | =
6 e | e 1} 2 . . . . 5 12
7 21| 3112t 2a |12 6 | 17 8| 16 | 24
8 1 L3313 R I & R N 131 25 | 20

+ Sample inadvertently lost
¥ Steps on test piece, see Fig,50,




Specifications of steels used

..épecification - Composition, wt, % | i
C Mn i 81 ‘| S ’ P Ni Cr Mo E
SAES620 0,18-0,21 | 0,70-0,80 { 0,20-0,25|0,030-0,040 | 0,025 0.45-0,55 | 0,45-0,55 0.18-0,23
Max

Enl6 0, 35=0,38 { 1.40-1,60 | 0,25-0,30(0,030-0,040 | 0,025 - _ 0,200, 30 ‘
% éeeman) 0.34-0,37 | 7,58-0,68 | 0,25-0,3010,025-0.035 | 0,030 - 0.10-0,15 | 0,03-0,04 |

(In8) ‘
Enl5A 0,35-0,40 1 1,40-1,60 | 0,25-0, 30 |0, 30-0, Ok 0,025 - o _
JDM10%1 F) 0,36-0,44 | 1,40-1,60 | 0,25-0, 30 0,025-0,035 | 0,030 - 0. 200,25 0,09-0,10

(En 15 ;




Table 4b

Pit~side chemical analysis of casts of steel used

Cast | Quality | Pit-side analysis, wt, %
C [ Mn [ Si] S/ P_.[ M | Cr ¢ Mo ¥Cun

P200 | SAE 8620} 0,19 10,71 10,25]|0.03%10,032 | 0,49 {0,521 ;0,18{0,14 D,017

Phi45 noou 0,195 }0,82 |0,23]0,036 [0,019 | 0,48 |0,53 }0.19(0,1550,020

PoL7 oo 0,185 0,80 }0,24}0,035 10,024} 0,48 10,52 {0.19{0.160 0,022
P8GL nn 10,180 {0,76 {0,23}0,035 (0,029 0,55 |0,53 10.19{0,160 0,020
2069 | " " 0.220 {0.81 |0,26}0,037 (0,026 | 0,50 |0, 44 Jc,20[0,17 | 0.021
P792 v n lo.210 0,83 10,3%0(0,026 10,021 { 2,54 10,52 {0,2110,17 } 0,023
Pgo2 woon 0,220 }0,79 {0,25]c,034 [0,018 | 0,51 |0,49 10,20}0,135 0,019
2387 w v 10,230 0,78 10,2710,034 /0,025 0,46 (0,50 j0.22]0.15 | 0,020
3225 | Enlb 0.360 {1.49 {0,2110,034 0,024} 0,34 (0,19 [0,22]0.180 0,024
3391 | Enl5A 0,390 {1,49 10,28{0,032 10,030 0,15 |0,130 0,04 0.104 0,014
5224 | 15 | o0.350 [1,46 |0.30]0.036 [0.034 | 0,34 {0,225(0.220.17 | 0,022

Pbo3 | SAE8620 | 0,205 (0,76 {0,2710.04310,023| 0,55 0,47 10,1910.16 {0,019
2958 " " 10,230 | 0,86 (0,250,034 0,027 0,50 (0,54 [0,20(0,19 10,021

T113 | CK5 0,355 | 0,59 |0,31}0,035]0,018 | 0,05 {0,212 |0,03[0,08 {0,012

P587 | JDM1O4L { 0,420 { 1,35 {0,270,03410,042

e I D U PR S e - e _*. -

0.39 |0,29 }0,10]0,16 0,025




Table 45

Details of casts of steel used

Cast Qﬁality &Tapping?Teeming No, of. No.of 1Ingot No,of Remarks 1
na, ftgmp., ftgmp., groups |[ingots lsize, jsamples
_ _ . ¢, 1 °C, cwt, [taken
P200 | SAES620 | 1710 16707 T, | ngle ¢ h
l580+ 13 37 20 Single slag,
' 1650> rouun de-
Phis ", 1700 1575* 2 S 13 37 1. 8 gassed. grain
1650 ' refined
P917 " 1690 1575* 2 13 k| 2h
S n | 1700 }2381 2 13 | 37| 16
2969 | SAE8620 | 1610 {1580 5 31 37 16 tingle slag,
P792 | " 1630 11575 3 9 51 16 grain refined
P902 " 1610 1580 2 13 341 8
2387 " 1615 {1575 4 31 37 12
. - IR FUTTEEN SRR DT R |
1369 | PRCT | 1625 1585 2 13 | 37 1180 |single slag
3225 | Enlé 1600 {1575 5 | oz | 3| 16
3391 { En15A 1605 |1570 5 35 34L| 20
=224 | Enl6 1600 11575 5 34 27 16
P683 n 1620 |1580 2 12 37 6 'Doux?le ‘sls:tg,
2958 W 1600 | 1570 5 35 3l 20 grain refined
1% | CK35 1710 %ggg: 2 15 | 371 8 |[single slag,
1700% vacuum de-
P587 | JOMIOML| 1700 | Jrogt 2 13 24i] 180 | gassed
F .

X Before degassing

+ After degassing



Table 46

Conditions under which samples were examined on the

Quantimet
Details Condition
A B
Ob jective X10 X5
Magnification to TV screen X537 ¥270
Resolution {optical) 1.§;$m B,me
¥leld area 0,25 mm? Q.5 mm2
Optical resolution 1.Sfum 3.@/4m
Flectronic resolution setting Max, Max,
Light source and setting W/8 W/8
No, of fields per zone 100 100
Parameters measured on each field
Percentage area AO
Total projection P0
Total. count (No)> than) 1.8 3.6
Size distribution:
No, % than 3 5
" " " 10 10
" " " 20 15
1" " 1t 50 20
" " n 100 25
Calibration By std. By std,
sample sample
before before
each each
specimen specimen




Table 47

Summary of data on oxide inclusions in four zones, 1, 2, 3 and 4,

extending from edge to centre of billet

Percentage area count

Position in Frequency of fields | Percentage area
billet sample g oz 8;2&;8;;;; 2z ;:??g;o >2,704 | Mean | Std, devn,
Zone 1 %618 1775 |100 | 5 1 1 0,05 t 0,0k
Zone 2 3696 |1904 | 90 | 14 . . 0.05  {0,0k
Zone 3 3701 1809 |100 20 1 . 0.05 0,04

| Zone k4 3856 1744 {120 | 23 6 3 0.06 0,05

Size distribution couut

Position in Mean count: No of oxides greater than:

billet sample 1.8/m | 10,m | 20um | 50Mm | 104n
Zone 1 10,68 1,56 0,28 0.08 0,020
Zone 2 9,35 1, 44 0,25 0,0k 0,016
Zone 3 9.58 2,18 0,39 0.03 0,010
Zone 4 7.93 1,11 0,21 0,07 0,030

Projection count:

Position in i Total lengpp,quhz
billet sample | Mean 5td, evn, ;
Zone 1 67 39
Zone 2 64 43 i
Zone 3 65 Lo !
' Zone 4 57 45 !

centre of billet

Note: The meén 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 Frequency of fields Percentage

! hillet sample : . area

<. 0,031 0,03~ 10,20~ | 0,55~ |1,20~ 2?2, 70%|Mean,Std. dev,
0.,20% [0,55% | 1,200 |2,70% |

L e a3

Zone 1 + 2 3625 | 1427 | 46 2 . . |0.,03| 0,0k
Zone 3 + L 3750 E 1267 ! Lo 18 b 4 10,041 0,05

1+ 2 /5+4 /}e;L» centre of billet
l' o~
g

BEdge -—

2

Note: The mean estimates are for 1 field 0,5 mm




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 0,05- 10,20-10,55-11,20~ Ny v

in cast < ‘03% 0,20% 0'55% 1.20% I2.70’?5 >2,70% | Mean ] 3td, devn,
Group 1 2264 (1122 | 99| 14 | 2 . 0,0k 0,079
Group 2 2253 1251 | 8o 12 L . 0,05 0,055
Group 3 2261 }1262 58 1 11 3 1 0,05 0,027
Group L 2307 11199 92 12 8 2 0,05 0,092

Position Size distribution: No greater than (mean no/field¥)

of samples :

e e A I R 2 R
Group 1 3,47 0,32 0,10 0.0k I 0,01
Group 2 3431 ' 0.30 0,09 0.03 0,01
Group 3 3,09 0.7 _ 0,07 0,03 0,01
Group 4 3,71 . C.31 0,10 0,04 0,01

Position Projection (total length, om) per field”

of samples k.. . . 41

in cast , Mean Std, dewn,

Group l Ll'?p}l 55.?8

Group 2 43,66 55,09

Group 3 45,00 58,33

Group & 48,85 64,36
X 2

Field area = 0,5 mm




Table 50

Percentage area counts for oxide inclusions in 14 casts of steel

made by different finishing processes

Cast
no,

Finishing process: Frequency of fieldshpercentage | . Puroentage
§

P200
- Phhs
P17
P8o4
2969
P792
- PYo2
2387
3225
3391
3224
P83
2958
T113

Single slag,
vacuum degassed,

grain refined

Single slag,

grain refined

Single slag

Double slag,
grain refined
Single slag,

vacuunm degassed

area
o o ey b, T Hoanfs
| 67,57}31.20%0,91 [0,23 t0,09 { , [0,037{0.079
56,85(37,55 4,39 0,88 {0.38 | . |0.067]0,115 |
77,40§20,501{1,21 (0,26 lo.,46 | 0,17 :0,047]0,125
53.25|45,34 11,25 | . 0,06 . lo,okkjo,052
- 72,00(26,30{1,34 (0.1, {0,213 | ., {0.034{0,058
80,60118,5010,77 10,13 | . . [0.024{0,039
62,50(%3,00{3.24 0,63 0,63 | , {0,065]/0,045
62,00135,4212,08 |o,42 jo,08 | . [0,04610.059
55.00 {40, 4513,90 (0,50 {0,10 { 0,05 ©0,060{0,079
50,00§42,0016,30 {1,35 {0,35 . 1.079;0,128
50,50 144,50 4,30 (0,64 0,06 | , (0.065{0,110
75,00:23,50 11,25 10,25 | . . P,024i0,036
66.30 132,30 1,30 {0,10 !, . 0.033]0,040
60,4 |36,5013,00 {0,13 }, . P,04970,057
: é | !

¥ Field area = 0.5 mm

2




Table 51

Size distribution counts for oxide inclusions in 14 casts of steel

made by different finishing processes

Finishing process

rd

Cast no, Size distribution: no greater vhan
7 Tﬂy_jMean no, /field®) -
3.6,4m,10 m | 15 4m | 20,m | 25,m
P200 Single slag, 2,18 §0.66 0,08 0,03 0,01
Phus - vacuum degassed, 4,00 {040 0,12 0,05 0,02
17 grain refined 3,08 (0,24 } 0,11 | 0,06 | 0,0k
P89k 2,68 jo,23 | 0,06 | 0,02 | 0,01
2669 Single slag, 2.58 10.25 | 0,03 ! 0,0L | 0,01
P792 grain refined 2.04 10,17 0.05 0,02 0,01
pgo2 3,99 10,48 | 0,14 | 0,04 | 0,02
2387 3,81 fo,49 | 0,20 [ 0,07 { 0,02
3225 Single slag .16 {0.37 | 0,11 | o.ok | C,02 |
3391 9,25 0,52 | 0,16 | 0,06 | 0,03
3224 ho22 jo,41 } 0,13 | 0,05 | 0,02
P633 Double slag, 2,00 jo,11 { o,03 [ 0,01 | 0,002
2958 grain refined 2.86 0,11 0,03 0,01 | 0,005
T113 | Single slag, 3.76 {0.22 | 0.10 | 0,05 ] 0,03
vacuum degassed

AField area = 0,5 mm

2




Table 52

Total projection (total length) counts for oxide inclusions in

14 casts of steel made by different finishing processes

Cast no, r— AwFinishing process | Projection (to*al
| length s4m) /tield
Mean | S+d. devn,
F200 Single slag, vacuum degassed 3 51
P45 grain refined 60 86
D17 ky 68
P8O4 L7 45
2969 Single slag, grain refined 37 52
P792 26 30
Pg02 55 96
2337
3225 Single slag L3 51
3391 77 1C1
322k - kg 59
P683 Double slag, grein refined 28 39
2958 36 39
T113 Single 51 52

slag, vacuum degassed




Tablq_ﬁé

Percentage area data for oxide inclusions in 14 casts of steel

made by different finishing processes

Cast | No, of Percentage area count
- K T -

no, |determin- Mean Std, 3ed, Largest Remarks

ations dev, error | possible;

J error
P200 20 0, 04 0,015 0.0034 {0, 0068 Single slag,
s vacuum degassed,
Phis 8 0,07 0,030 0,0106 10,0212 grain refined
PoL7 24 0,05 0,050 | 0,0102 | 0,0204 -
P84 | 16 0, Ok 0,015 | 0,0038 |0,0076
T113 8 0,05 0,026 0,0090 {0,0180 Single slag,
vacuum degassed

P683 6 0,02 0,007 | 0,0029 |0,0093 ouble ciag,
2958 | 20 0.03 | 0,016 | 0.00% |o,0072 ferain refined
3205 16 0,06 0,031 0,0078 | 0,0156 Single slag
33911 20 0,08 0,030 | 0,0067 {0,013k
2224 16 0,07 0,016 - | 0,0040 | 0,0080
69§ 16 0,03 0,0.7 | 0,004 }0,0088 {single slag,
pro2 | 16 0.2 | o.omt | 0,005 |o,0070 [|ovein refined
Po02 3 0,07 0,026 | 0,0090 |0,0180 |
23871 12 0.05 | 0,031 | 0,0090 {0,0180 !
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. THE 'FOX' INCLUSION CHART
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Fig. 4 The Diergarten Inclusion Chart
(REduced 33:1; original 100:1)
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Fig. 5 The Chevgrolet Inclusion Chart (SAE-ASTM method)

Oxides




Fig. 5 continued

|

I 112 3

Silicates




Fig. 6

Idnesl traverse inclusion count in which

a measured distance is traversed under
the microscope and onJy' inclusions inter-
- cepted by the intersection of the cross-

wires, sudh as A, B, and C, are counted.



F1g. 6 llustrating_principle
of counting inclusions by
- the LT method

- DIRECTION OF TRAYERSE




Fig. 7

‘Modified lineal traverse method. A measured
distanca‘is'traversed under tge microscope

and only inclusions intercepted by both cross-
ﬁires, such as I, 5, and 7, are counted. Inclusions,
- such as 2,3,k,6 and 8 , are not counted.

e f isla:movable crogs—wire pre-set a cert#in

distance from a b.




Fig.7 llustrating principle
of counting_inclusions by
the modified LT method

ro
’,]ﬂ'!
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Baynes' Intercept Count Method. The inclusion,
to be co_imte& in Fig. 8 a is at peint A. The ‘.
inclusidn at po.int B on the lower cross-wire is
not to be counted in this field. The next field
to be counted after that showm in (2) is shown in
Pig.8 b. The inclusion at point B in (a) is now

available for counting at point B; on the counting

cross-wire in Fige 8 b. As a chech on the position of this

field to be assessed, the ':’::nclusion at poin‘i: Aidn
Fig. 8 a is now on the upper cross-wire of point
A7 in E:ig. 8 b. The index of the inclusion count
is the number of fields observed to count 106

inclusionse.



Fio 8 llustrating principleof

counting _Inclusions by
Baynes' intercept method

| \‘3 ?‘D 2 /




Fig.9 llustrating principle
of Rosiwal's method for -
determining volume |

fraction of phases




Fig|O Point-counting.
reticules for use In a focusing
eyepiec e




Fig. IT

? Eb:aﬁlpl_es of assesgment of some typical inclusions'.
Note that the inclusion length , L, is iz;dica'bed ‘
as a if a< L < (a + I). I: length= L units, 2
crosses over inelusions. 2, 3,4, and 5: a’ccording -
to the rules in the test these are two stringers;
2and 3 érel one stringer with Lj-: I unit, O cro;.ss,
and L and 5 are one stringer with L =Tunit, 0O cross.
6 inclusion with L less than I unit not counted.
.7 and 8, one stringer because the space between
them is sh;:r-ter than thé length of the shorfer
inclusion with L =3 units, I cross. 9, inc;lus-ion
partially falling outside the grid, mmber 0.5,
L =<3 units, I cross. Special types of inclusions,
e.2+ aluminag inclusion assessed as a stririger bf "

*

Lelh units.

CeAn




Fia.l lustrating principle

~ of counting inclusions by




o Figlz Example of chart
suggested by Jernkontoret

order | Cast |Crade | Size fol‘fcrs
_ %0 %S|z

[Nseg G+ 10320 oo | -

No > thaa
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Figlé Schematic ray and block diagram
of flying-spot microscope for metallurgy

' o qye.p'lecb ab‘}ec“ve- “T’ 2. 3 C”:”:E”
A= (VI i ! T__Fe¢ : I

l. specimen | . o B

2. cathode follower MiCrOsCopa 53— 5 7 |
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Fig 14  Simplified block diaaqram
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Fig.IS Schematic diogrdm of

Coulter particle size counter
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Fig. 16 Sc'hemoticloyoudt* of _the Vickers

A_utomatic Inclusion Counter
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Fig. 17 A general view of the automatic Quantimet
Image Analysing Computer
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FI1G.20.

VARIATIONS IN CAMERA SENSITIVITY
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FIG. 21
EFFECT OF FILTERS AND LIGHT -
SETTINGS ON OXIDE CONTENT
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Fig. 22 View of image to be analysed
(a) before detection ( filling-in) and
(b) after detection
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FIG.23.

DISTRIBUTION OF THRESHOLD_ SETTINGS
FOR__THREE METHODS A,B&C
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Fl1G. 25,

SHOWING RELATIONSHIP  BETWEEN CAMERA
"~ SENSITIVITY SETTING AND THRESHOLD

692 ¢

DIvs.

THRESHOLD SET TING,

&
N

676 |

668 §

660

200 -

SET TING

t ' L 1 {

70 68 66 64 62 60

CAMERA SENSITIVITY
SET T ING, DIVS.

56




FIG. 26

EFFECT OF VARIATIONS IN THRESHOLD
SETTING ON INCLUSION AREA MEASUREMENTS
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FIG. 44
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Fig.62 Photomicrograph of manganese sulphide
inclusions in high sulphur free-cutting steel:
{(2) before etching, (b) after etching in nital,
Grey phase MnS: light phase lead telluride, 250X,




o

Fig. 63 Photomi
inclusion as
interference
lead-tellurid
in colour is

matrix bluish-green,/




Fig. 64 Photomicrograph of manganese sulphide
stringer-type inclusions. in high sulphur free-
cutting steel bars; unetched, 200X.

Fig. 65 Photomicrograph of same type of inclusions
as in Figure 64 as seen by the interference film technique:
MnS orange; steel matrix blue, 200X.




Fig. 66 Composite oxy=-sulphide inclusion in high sulphur
free-cutting steel before coating with ZnSe filmj; 400X.

Fig. 67 Same inclusions as in Figure 66 as seen by the
interference film technique, 400X.




Fig. 68 An inclusion aggregate in a longitudinal billet

=

section before coating; unetched, 400X.

Fig. 69 Same type of inclusion aggregate as in Figure 68
as seen by the interference film technique; 400X.



Fig. 70 Silicate and manganese
in longitudinal section of a low
as seen by the interference film

Orange ¥nS; yellow

sulphide inclusions
alloy steel billet
technique, 100X.

silicate.




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 interference film technique, 600X.




Fig., 73 Examples of same type of inclusions as in Figures
62 and 63 but under a thinner £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.







