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SI!RANDCASTSIEEL,CARMNAND

ATJIX,FOR PROJECTILEAPPLICATIONS

This specificationis approvedfor use within US Army$ Armsment,
Monitiossand ChemiealCommand,and is availablefor use by ell Eeprtments
and Agenciee of the I@artmant of Defense.

1. SCOPE

1.1 =. This specificationoovers the strand cast process for
msntiaeturingho~rolled sarbonand alloy eteel for projectileapplication.
The requirementsof this specificationeappl~ent existingmaterial
specificationrequirementson individuslprojectilemetal parts drawingswhen
the steel beisg furnishedis tie by the strmid cast procese.

1.2 ClaBsifieation. Strendcsstisgprooeae,quipmentsad reduotion

@
ratiosshallbe in accordancewiththefollowingclsseeeand typesse
speeified(see6.2):

Class I - Steel made ueing submergedoeremicshroadingfrom
tundiehto mold.

ClsesII - Steelmadeueisga centrifu@ caster.

ClaseIII- Steelmadeusingeitherenbmergedceramicehroudimgor
gaeeouetypeshrouding:from tundishto mold.

TypsA - Steel rolled to a 4 to’1 minimsmreduction~atio.

Type B - Steel rolledto a 2.5to 1 minimumreduction~tio.

*

Beneficial comments (recommendations, additions,’deletions) and any pertinent
data which may be of use in improving this document,should be addressed to:
Cnmmander, US Army Armament, Researrh and Development Center. Al’TN:
SMCAR-ESC-AS, Dover, New Jersey 07LW1-WI)lby using the self-addressed
Standardization Do,xment Improvement Prop-l (DD Form 1426) appearing at
the end of this docurne”t or by letter.

AMSCN/A MSCA
DISTRIBUTION STATEMENT A. Approved for public release distribution is unfimited.
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1 2. APPLICABLEDommTs

1 2.1 Specifications,standardsandhandbooks.Thisparagraphis not
ap@icableto this,specifioation.

2.2 Otherpublications.T& followingdocumentsfom a partof this
specificationto theextenfspecifiedherein. The issuesof thedocuments
whioheze indicekedas DoD edoptedshallbe the issuelistedin thecurrent
DoDISSandths supplementthereto,if applicable.

ASTM

ASTMml ‘- Macroetoh!Pesting,Inspection,andRatingSteel
Products,CmuprisingBars,Billets,Blocma,MethcdOf

.(Applicationfor copiesshouldbe addressedto -, 1916Racefireet,
Philadelphia,PA 19103)

I Sooietyof AutomotiveEngineers

I SAEJ422 - Mioroscopio!D&ermlnationof Inclusionsin Steels,
RecommendedPractice

(Ap@cstion for’copiesof SAEpublications@uld be addressedto the
Society.ofAutomotiveEngineers,@3 CormnonwealthDr,Warrendale,I& 15056).

AmericanIronandSteelInstitute.(AISI)

AISISteelProductsManual- Alloy,CarbonatniHigh Strength,Iow Alloy
Steel, Sapi-fini6hedfor l?orging,Hot Rolled
-BarsiCold-FinishedRars,Hot Rolled
.Deformed and plain Carbon ReinforcingBars.

‘(Applicationfor copiesshouldbe addressedto theAmericenIronandSteel
Institute,1~ - 16thStreetNW,Washington,DC .XI036)

(Industryassociationspecificationsandstendardeare generallyavailable
for referencefromlibrariee.!l!heyarealsodistributedamongtechnioa.1
group andueinsFederalAgencies).

2.3 Orderof precedence.In the eventof a conflictbetweenthetext
of thisspecificationand the referencescit=l her~% the ted of this
specifioationshalltakeprecedence.

I 3. ~

I 3.1 Process.

3.1.1 Classes.

3.1.1.1 ClaseI.

3.1.1.1.1Shrouding.A submergedcersmicshroudor a “boxIZ?PS”
gaseousshroud,isrequiredfromthe ladleto the tundi@.h.Submergedceramio
shroudingie requiredfrom thetundishto themold. AdequatesealingiS
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requiredat allshroudingcouplingsto insurethepreventionof atmospheric
air aspiration.

3.1.1.1.2 l%ndieh.Thesizeand desigoof the tnndishshallbe
adequateto assureproperresidueltime.promoteinolu@ionflotation,and
minimizeturbulence.

I
3.1.1 .1.3 Computer control.Com~ter controlof kasting.variables

auohss cs&tingspeed,moldoscillationand stroke,se,condmcooliw sPraY
pressures endflows,etc.is preferred.Wen computerpontrolie not
available,data shall be monitoredand recordedfor these~rocesa
variables,and theprocessvariableeto be monitoredandthefrequencyof
reoordingshallb sulxnittedto the cognizantGovernmentcontractingofficer
for approval.

3.1.1.2 Claae II. Clsae II steelis producedby k centri~ mold
caster. With~eption of the tundish-temoldsubinergedcermnicshroud
requirement,ClassII steelmustbe producedusingequ@mentendprocedures
whichmeetall of the requirementslietedabovefor C1.pssI steel.

I
3.1.1.3 Clese 111..

3.1.1.3.1 Shroud,ladleto tundish.,Eithera eub@rgedCereMiC@moud
or a “box-~” geseoueshroudis requiredfromthe I+e to.thetundish.
Adequ&ztesealingis requiredat ellshroudingcouplingsto insurethe
preventionof a@osphericexpiration.

3.1.1.3.2 Shroud,tundishto mold. Eithersubmergedceremioor gaseous
shroudis requiredfromthetundishto themold. IbrSZSeoueshroud.ayeteme,
the oxygenlevelsin thevicinityof themoltenstreammustbe monitoredand
shallbe below.0.57.AdequatecontrolsystemsDIUStbe in pke to assure
thatall criticalvariablesassociatedwiththeoperationof geeeoneshrouds
arebeingmonitoredsnd recordedperiodicallyduringthe castingoperation.
As a minimm”, oxygm levelseballbe msssuredat thebeginningendend of
eachheatend at approximatelythe 1/4,1/2and3/4 intprveled~i% csstm
of eachheat. Thisie particularlycritical,becauseconsistencyof
operationis imperativewhenusing~ gaseousshroudi~system.

3.1.f.3.3 Tundish.Thesizeend’desi~ of thetuhdishshouldbe
adequateto tom=@ producematerialmeetingthe internalquality
requirementsspecifiedherein.

3.1.2 Reductionratio. Reductionratiosshallbe in accordancewith
thatspecifiedforTypsA or B, as spscified.

3.1.3 Deoxidizerssndd n refiners.Deoxidizersandgrainrefiners
shallbe ledleadded. Wirefeedingof theseadditionsdirectlyinto
individnslstrsndmoldsof thetnndishis prohibited.

3.1.4 ~~. oxygenlancingto opencloggedtundishnozsles
is permittedonlyw en thesteelmakerhasdemonstrate&theabili~ to locate
end discardallsteelaffectedby theprocess.

3.1,5 Ladlestirri~. Iadlestirringfor chemi&lhomogeneity,
unifogmi~of tesqk?raimreandto promoteflotationof the inclusionsis
required.

3
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3.1.6 S1 cover.Withtheexceptionof initielcede, u@il the iamdish
is full, t- sha.lihave a slag cover at alltimes.

3.1.7 Sequencecacting. .When“sequencecastingbestsof different
grades,transitionmeterisl.betweenthetwogrsdesof deel ahel.1notbe
finishedunderthisspecification.

3.2 ..Materialaosndnees.Iinperfaotioneobeer~le in strandcaststeel
areillnetratexiinJ?igure1. UsingFigure1 se referenceguidance,strand
caststeelshellconformto thematerialsoundneserequirementspecified
herein.

1.
2.
3.
4.
5.
6.

Figure 1. Potential impe<fectlonsin continuouscast steel.

HalfwayCracks 7. LongitudinalFacislCrack
Jlinge‘Cracks 8. LongitudinalCornerCrack
.$DiagonalCracks 9. Pinhbleg
:Subsurface Blowholes/Pinpoints10. CenterRupture
Transverse,Facial“Crack 11. Centerline.(Star)Cracks
TransverseCorner“Crack

J..
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3.2.1 As castmecroetch(eee4.2.4 & 6.3).

~ - made shall be no greaterthen0.11 ~
wher~”; &&l.e he cross eectiond. area of the se cast ~snd.

3.2.1.2 m oracke.Hingeoreckeshallbe no
(SSS3.2.1.1). %

3.2. i.3 Centerru ties. Centerrupturesshall
=2+-0.07& (see3. . .

longert%an0.05&

be no loSgOrthan

3.2.1.4 Dis+zonal.endchill.sanecracks.Die@~ andc~~ zone
creika(ReeFigure1, nos.5.”~m notbe permitted.

3.2.1.5 Centersegregation(escast). centersesre~tionjor
observableareasof k center’!conditionon an etohedsection,shallhave
meximwndiameterof .04F (SSS3.2.1.1).

3.2.1.6 Centerlooseness.Thedimpeterof discontinuouscenter
loosenesss@l notexceed. 04~ (See3.2.1.1).Fi~, scatteredporosity
is notconsideredto be center ooeenese.

3.2.2 Finishedproductmacroetchrequirements. ‘

3.2.2.1 Internalcracks.Allproductafterrollingto finaleiseshell
be soundaud SW oontain no internal.cracks.

3.2.2.2 Centerloosenessor w rosi~. No centerloosenessor ~rosity
shellbe permitted.

3.2.2.3 Center segregation (finished product). The ,ps-x~w permitted
diameter of darkcenter or center segregation SW k 0.04 ~s where Y
eqnelsthecrosssectionalareaof thefinelmillproduct.

3.3 Chemicalcomwsition.ChemicalanalysisshallLwusedto determine
CIX@iSSOSwiththe specificgradeof steelspecifiedin“theapplicable
materislspecification.Forallsteelsfurnishedto thisepecification,
productenalyeistolersngsforcontrolof carbonshallbe~ 0.01~ andall
otherelementsshall.conformto theheat.enalyeisrangesspecifiedin the
mderiel specificationwithno productanalysistolerance.Ecththe “A”end
‘Ziisampleselectedin accordancewith4.2.6.1and4.2.6.2shallccmplywith
theapplicablespecificationrequirementsfor thegradebeisgfurnished.

3.3.1 Trsndtionmateriel.Aas@ment of thetransitionmaterielin
sequencecastheatsto oneof theadjeoentheatsshallbe besedon relative
calculatedIdealDiameter(DI) hardenabili~basedon conqmition (See
4.6.6andAppendix).

3.4 Dataand sempleretention.

,..

3.4.1 Maoroetchsamples,sulphurprintsendsamples.Allmacroetch
.w@es or sulphurprintsendcorrespondingsmnpless .be retainedforat
leastsixmonths.

5
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, 3.4.2 Heatrecords.Heatrecordsshallbe maintainedin a pement
fileforoneyearafterthelastheatof orderis shirmed.Heatrecords
shallbe adeq~te.to demonstrateconformanceto ~ @-&ifioation
requirementsend shall at leeivtincludethefollowing:

a.

b.

0.

.d.

e.

f.

&

3.5

The number of strandscast end the number of blooms produced
each strand.

Shroudingmethodused end descriptionof shroudingproblems
encountered.

from

Periodicoxygen‘-levelmeae&wnts in the-vicinityof them@ten
streams(forgeetypeshroudingonly).

Ratingof maoroetchsections.

Reasonfor rejectingaJW~rtion of theheatanddocumentationthat
thepcrtionweEeitherscrappedor.salvegedunder4.3.1if
applicable.

Recordsof haatsegregationand identificationduringsequence
castingincludingresultsof chemicalaualyeis.andDI calculations
usedto determinedispositionof transitionmaterial.

Recordof typeof deoxidisersandgrainrefinersused.

Workmanship.

3.5.1 surfacedefects.Steelsuppliedto thisapeoificationshallbe
freefrom.harmful.surfacedefectsnoh es cracks,tears,pinholes,or
entrapped,&il.ag.Harendbilletw be conditionedto removesurfacedefects
providedthatno subsurfacedefectsare ex~ed in theprocessand thatthe
:sectiondimensionsconformto thespecifiedtolerances.Surfaceconditioning
must notexposethecolumnarzone(E@ 6.3)to ESWfreesurface.

3.5.2 Reoxidation.Evidenceof reoxidationin any prtion of a heat
shallbe,ceusefor rejectionof theentireheat.

Shapedefectsarerestrictedto thesameexbent
es &5&”%%%%%edfrom ingots;i.e.,allbarsendbilletsshall
oonformto theappropriatetolerancesse containedin referencedmaterial
apeoifioationaandAIHIsteelproiuctmenuel.

4. CXJAH’NASSURANCEPROVISIONS

4.1 ResNnaibility for inspection.Unlessotherwisespecifiedin the
contractor porchsseorder,thesupplieris respcneiblefortheperformance
of all inspectionrequirementsse speoifiedherein. Exceptes otherwhs
8Woifiedin thecontractor purchaseorder,the suppliermayusehisownor
~ otherfacilitiessuitablefortheperfomce of the inspection
requirementsspecifiedherein,unlessdisapprovedby theGovernment.!Che
Governmentreservestherighttoperformanyof theinspectionssetforthin
the.specificationwheresuchimpectionearedemed necessaryto aasnre
suppliesendservicesc@orm to prescribedr~uirements.

6
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4. i. 1 Reswnsibilityforcompliance.Allmaterialmustmeetall
requirementsof Section3. Theinspectionsetforthin this~cif ication
shallbe=e a partof theContractor’sover~ inspectionmtem or q~iti
program.Theabsenceof any inspectionrequirementsinthespecification
shallnot relievethe contractorof thereqxmeibilityof assuringthatall
prcxiuctsor supplieseutmittedto theGovernmentforacceptancecanplgwith’
allrequirementsof thecontract.Samplingin quality,@nformsnced~ ~t
euthoriseeutmissionof lmowndefectivemateriel,eitherindicatedor actual,
nordoeeit cssnnittheGovernmentto soceptenceof defectivematerial.

4.2 Sampling. ..

4.2.1 ‘Transverseseotions(eEcast). Treneverses=tio~ represent~
theentires r~ cutfromthefrontandM of esch
heatin thees-testconditionformscroetching.

4.2.2 Macroetchsections(finishedProduct). ~~~tch Sectione@
be tekenframthefrent,middle,endlestrolledproductafterfinal
reductionfromeachstrendfor each.heatof steel.

4.2.3 Macroetching.Macroetchingshellbe p?rformedin accordancewith
ASTME581.

4.2.4 Sulphurpr.nting. RX es-castmacroetchsamples,eulphurprinting
may be Substituted ASTM E3EIlmacroetchingprovidedwrittenproceduresto
be followedare approvedby the cognizentGovernmentcontractingofficer.

4.2.5 Additionalor reducedsamples. !CheGovernmentreservesthe
rightto require~ e Governmentmay authorisea reduced
aempl.ingscheduleon en individualsupplierbasis. ill-lchangesin esI@inS
scheduleshallhe approvedby thecognirantGovernmentcontractingofficer.

4.2.6 Chemical&iS.

4.2.6.1Strandcastbllletaor blm (individualheats).After
suitablediscardbeckfromthestarterbar,en “A*!samplerepresentingthe
firetuseablemetalin theheatshallbe takenfromenyoneof thestrands,
endat theendof theoaeta “Z”saqle representingthelastueeablemetal
in theheatshallbe takenfromanyoneof thestrands.,

4.2.6.2 Continuousetrendcastblooms(sequencecast).

4.2.6.2 Limitsof transitionmateriel.A reliablemethd mustk
E$@.oYedto locatethe.limitsof transitionmaterialbetweensequencecast
heatsto allowrepresentative“A”end “Z”samplesto be obtained.The
initial“A’!sampleshallbe takenaftersuitablediscardbackfromthe
starterbar. Successive“Z”and “A”eamplesehallhe @ken immediately
beforesndafterthelimiteof the.transitionmaterialwhen sequencetesting
(SeeExam@es 1 end ? in 4.6.6).

4.3 Rejectedas-caststrands.Mditionslmacroetchsectionsmaybe
tekenfremstrendswhicharerejettedbesedon macroet~testingper
paragraph4.2.1. Ifmacroetchexaminationof theadditionalsections
isolatestherejectablematerialto a specificportionof thestramd,only
theisolateddefectiveportionmustbe rejected.

7
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4.3.1 Salvageof rejectedstrands.Strandsor pn’tioneof strands
thathavebeenrejectedin theas-castconditionw be szJ.vs@ by rolling
to finalsizeto healtheas-castdefects.Suchmaterielmustke identified
.W havingbeenrejdotadin theas-castcondition.Maoroetchsectionsshell
be.men fromthefront,1/4,middle,3/4, end led rolled product from each
previouslyrejeotedstrandor ~rtion of strarid.!Chesemaoroetcheeehall
conformto therequirementsof 3.2.2.

4.4 Rejeoted“productafterfinalreduction.Anymacroetohon final
“reducedprcductwhich fail@ meetthemaoroetohrequircmentes~cifiad
hereinshallbe causeforrejectionof allproductfromthe specificstrand
forthe‘specificheatrepresentedby therejectedsample.

4.5 P@neticp-t icleinepection.Maoroetohsectionsshellbe
inspectedby -etic particleinspectionmethcdin inatenceswherevlmie.1
indicdiioneof craokeareuncertdn.

4.6 Conformanceinapeotiomandcertifications.

4.6.1 -Class I, II or IIIsquirmsnt and procedures. Inspectionof
;equi~ent and stated contractorsteelreekingproceduresshall indicate
.comwtibil.i~-with ‘Clessesttdescribed“in3.1.1.

4.6.2 Reductionratio. ReductionratiosassociatedwithTypesA’and”B
shallbe deteminedby dividingthe “crosssectionalarea of theceetstrand”
by the“cross-eectiondareaofthe rolledbar or billet”beingprocured.

4.6.3 As-castmacroetch.Sizeof halfwaycracks,hingecracks,center
ruptures,diagonalcracks,centersegregationand oenterloosenessshallbe
calculatedin accordancewithrelationshipsindicatedin 3.2.1. Failure d
eitherfrentor backmaoroetchto mest3.2.1shall be eauee for rejection.

4.6.4 Finishedproductmacroetch.Failureofqv maoroetchto meetthe
Jrequiranenteof 3.2.2shall.be causeforrejecticm.

\
4.6.4.1VISW iwpeotion. All produotafterrollingto find size

shallbe viaueJ.lyinspectedfor conformanceto 3.2.2.and3.5.

4.6.4.2 Centersegregation.Thediameterof darkcenter(center
segregation)shallbe determinedusingrelationshipindicatedin 3.2.2.3.

4.6.5 Steelcertif@ation.A certificationshall,& providedwith
eachheatof zteelwhichcertifiestheheatto havingmet allthe
requirementsof thieepecificationsndany otherapplicablematerial
specificationa.Thefollowinginformationehsllbe includedin the
certificationes a minimum:

~. 11A,,Snd *!ZUchemistryresultsof eachheat.

b. Heatidentificationnumber.If theheatw= -sequencecast,specifY
the consecutivenomberof theheatwithinthesequence.

c. Indicateifheatcontainsallor portionof treneitionmaterial.

4.6.6 Transitionmaterialacceptancecriteria.Assignmentof
transitionmeterialshallbe,based on DI hardenability(SeeAppendixI). If
the ratiosof the DI of a eempleover both the DI of the “Z” szmple

8
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endDI of the “A”sampleof thefollowingadjacentheatarebetweenO.&l
end1.25,thentheentirequantityof transitionmateri~ SW be =ei~d
to thelateradjscentheatprovided+~t bothadjacentiheate ~tisfY

specifiedchemicalcomposition(SeeExample1). If ei~er adjacentheatdcee
notsatiefyepecifiedrequirement,alltransitionmaterielmustbe rejected.
H theDI ratioa@UniLatedes describedabovearenot;between0.83‘d ~~
1~25butbothsdjacentheatssatis~ @ecified.requirements,chemical
ccaqmitionsendDI hardenabilitiesmustbe determined’for individual
transitionblwms. The individual’blocmsshallbe aee&nedto appropriate
@djaoentheatseuehthattheratiosof theDI of eachbloom(attheend of
thebloomawayfrom theheattowhichtheblocmcan~tentiallybe applied)
endthe “A,”and “Z”samplesof theheatarebetween0~&3and1.25(See
IMemple2). B20ema that cennotbe assignedto eitheradjsoentheatsha3.1lx?
rejected.

4.7Reoxidation.In thecaseof gensoueshroudedheats,o~gen levels
in exoessof O.% shellbe consideredevidenceof reoxidation.Individual
steelheatsdo not requiredeterminationof incltz?ioncontentendreporting
of inolueionratingson a routinebssisis notneceesary.However,maximum
inclueioncontentforallsteelI%rnishedh thisspecificationsha22conform
to silicateendoxideinclusionratingsS-4endO-4 reepctive3yof SAEJ422.
Inclusionratf.ngein excessof S-4andw shs.U.be consideredevidenceof
reoxidationasdformthebasisforrejectienof theentireheat.

Bxemple 1

Heat #1 TMNSITION BLOOMS Heat #2 ‘

~QT$3 ~!iQ.330n ,,A,,UIO>U, ~ so,

D.I.” “Z” (HSAT 1) 3.30 1.14 & ;; “Z” (HEAT1) _ 3.30!-
DI “A” (HMT 2) “ — =2.90 “z” (HEAT2) 3.36! 0.98

The entirequantityof transitionmaterialcan be assiguedito tbe followins
adjscentheat (Head2 without testingtransitionblooms.

Bxample2

Heat #1 TRANSITIONBLOOMS Heat #2

9
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in Example1 are not between0.80-1.25. Chemicalcompositions
the ends of the transitionblooms to assignblooms to the

DI (Endof Bloom 1 away from Heat 1) = 3.49 - 1.01 and DI (Bloom1) = ~ - 0.90
DI “A” (Heat1) m DI “Z” (Heat1) 3.87

Bloom 1 can be assignedto Heat 1.

DI (Sndof Bloom 2 away fmm Heat 1) = 3.11 = 0.90 and DI (Bloom2)
DI “A” (Heat1)

= 3.11 = 0.80
3.44 DI “Z’!(Heat‘1) 3.87

Bloom 2 can be assignedto Heat 1.

DI (Endof Bloom 3 away fromHeat 2) = 3.11 = 1.14 and DI (Bloom3)
DI “A” (Heat2)

= 3.11 = 0.92
2.73 DI “Z” (Heat2) ~

Bloom 3 can be assignedto Heat 2.

5. PACKAGING

This sectionis not applicableto this specffication.

6. NOTES

6.1 Intendeduse. This specificationis intendedfor applicationwhenever
an existingdocument,used in the manufactureof projectiles,optionsor allowsfor
the use of strandcast steel.

6.2 Orderingdata. Procurementdocumentsshouldspecifythe following:

a. Title,numberand date of this specification.

b. Strandcast Classand Type.

6.3 Cast etructure. As cast, strandcast steelusuallyexhibitsthree
distinctzonesof solidificationas follows:

a. chill Zone - A fine grainedcolumnarstructure.at surface.

b. ColumnarZone - An intermediatecoareegrain, columnarstructure.

c. BquiaxedZone.- An equiaxedstructureat center.

Evidenceof the cast structure.will typicallypersistthroughconsiderableamounts
of reduction. Wheneverthe cast structureis observed,a uniformcentinuouschill
zone must be present as determined by a ma,croetch test.

Custodians: PreparingActivity
Army - m Army-m
Air Force- 99

(ProjectMSCA-0120)
ReviewActivities:

Army - m
Air Force- 70
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PRocEDUREFOR CALCULA2’IONOF

DI RARDENAS2LIT3

10. SCOPE

10.1 a This appendixoutlinesthe proceduresfor equatfnghardenability
to cbemi+ composition.

20. APPLICABLEDOCUMW2S

~is sectionis’not applicableto.this~appendix.

30. DI \

30.1 DI hardenabfiity. IdealDiameter (DI)representsthe diameter(in
“inches) of a round bar of eteel that will harden at the center to 50% martensite
when subjectedto an ideal quench,.i.e., E=~

30.2 DI calculation. l’biecalculationrelieson a seriesof hardenability
factors(Table1) for each alloyingelementin the compositionwhich multiplied
togethergive a DI value. The effectsof phorphoms and sulfurare not considered
sincethey tend to cancelone another. A2so, a lNo.7 austensticgrain size is
assumedstice steel purchasedto this specificationwill normallybe melted to
a fine grain. In this practiceexperiencehas demonstratedthat the average
grain size is NO. 7 in a vast majorityof.the heats.

30.3 &mple calculation. An exampleof th~ applicationof this method is
givenbelow for a SAE 4118 modifiedsteel: I

SLEMENT ~ MuLTIPLYINGFACT13R
(TABLR1)

Carbon .22 .119
Manganese .80 3.667
Silicon .18 1.126
Nickel .10 1.o36
Chromium .43 1.929
Molybdenum .25 1.75
Copper .10 1.04

DI ‘= ‘.119X 3.667 X 1.126X 1.036.X 1.929x 1.75 X 1.04 = 1.79

11
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%
A%!2
.01
.02
.03
.04
.05

:06
.07
.08
.09
.10
.11
.12
.13
.14
.15

.16

.17

.18

.19

.20

.21

.22

.23

.24

.25

.26

.27

.28

.29

.30

.31

.32

.33

.34
,35
.36
.37
.38

.39

.40

.41.

.42

.43

Carbon
Grain Size 7 E

:005
.011
.016
.021
.026

.032

.038

.043

.049

.054
..059
.065
.070
.076
“.’081

..0S6
.092
.097
.103
.10s

.113

.119

.124
...130
.135
.140
.147
.151

.157

.162

.167

.173

.178

.184

.189

.194

.200

.205

.211

.213

.216

.218

.221

1.033
1.067
1.100
1.133
1.167

1;200
1.233
1:267
1.300
1.333
1“.367
1.400
-1.433
Z1.467
1.500

1.533
?1.567
1.600
1.633
1.667

1.700
1.733
1.767
1.800
1.833
1.867
1.900
1.933

1.967
2.000
;.2.033
‘2.067
z.100

2.133
:2.167
-2.200
2.233
2.267

2.300
2.333
2.367
2.400
2.433

1.007
1.014
1.021
1.028
1.035

‘1.042
1.049
.1.056
1.063
1.070
1.077
:1:084
1:091
1.098
1.105

1.112
1.119
1.126
1.133
1.140

1.147
1.154
1;161
1.168
1.175
:1,182
1.189
1,196

1.203
1.210
1.217
1.224
1.231

1.236
1.245
1.252
1.259
‘1.266

1.273
1.280
1.2S7
1.294
1.301

APPENDIX

MIL-S-70703

g

1.004
1.007
1.011
1.015
1.018

1.022
1.026
1.029
1.033
1.036
1.040
1.044
1.047
1.051
1.055

1.058
1.062
1.066
1.069
1.073

1.077
1.080
1.084
1.088
1.091
1.095
1.098
1.102

1.106
1.109
1.113
1.117
1,120

1.124
1.128
1.131
1.135
1.139

1.142
1.146
1.150
1.153
1.157

Cr.+

1.022
1.043
“1,065
1.086
1.108

1.i30
1.151
1.173
1.194
1.216
1.238
1.259
1.281
.:1.302
1.324

1.346
1.367
1.389
1.410
1.432

1.454
1:475
1.497
1.518
1.540
1.562
1.583
1.605

1.626
1.648
1.670
1.691
1.713

1.734
1.756
1.776
1.799
1.821

1.842
1.864
1.886
1.907
1.929

TA8L.E,1.WRDENl@lLI~ FACToRs
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1.03
1.06
1.09
1.12”
1.15

1.18
1.21
1.24
1.27
1“.30
1“.33
1.36
1.39
1.42
.;1.45

1.48
1.51
1.’54
1.57
1.60

1.63
1.66
“1.69
1,72
1.75
.1.78
1.81
‘1.84

1.87
,1.90
.1.93
1.96
1.99

2.02
:2.05
“’2.08
2.11
2.14

2.17
2.20
2.23
2.26
2.29

J& ~

1.00 1.02
1.01 1.03
1,01 1.05
1.02 1.07
1.02 1.09

1.02 1.11
1.03 1.12
1.b3 1.14
1.03 1.16
1.04 1.17
1.04 1.19
1.05 1.21
1.05 1.22
1.05 1.24
1.06 1.26

1.06 1.28
1.06 1.’29
1.07 1.31
1.07, 1.33
1.07 1.35

1.08
1.08
1.09
1.09
1.09
1.10
1.10
1.10

1.11
1.11
1,11
1.12
1.12

1.12
1.13
1.13
1.14
1.14

1.14
1.15
1.15
1.15
1.16

g

1.02
1.05
1.07
1.10
1.12

1.15
1.17
1.20
1.22
1.25
1.27
1.30
1.32
1.35
1.37

1.40
1.42
1.45
1.47
1.50

1.52
1.55
1.57
1.60
1.62
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Ls?x
.44
.45
.46
.47
.48

.49

.50

.51

.52

.53

.54

.55

.56

.57

.58

.59

.60

.61

.62

.63

.64

.65

.66

.67

.68

.69

.70

.71

.72

.73

.74

.75

.76

.77

.78

.79

.80

.81

.82

.83

.84

.85

.86

.87

.88

.89

Carbon
Grain SiZe 7 .&

.223

.2.26

.228

.230

.233

.235

.23S

.242

.244

.246

.249

.251

.253

.256

.258

.260

.262

.264

.267

.269

.271

.273

.275

.277

.279

.281

.283

.285

.287

.289

.291

.293

.295

.297

.299

.301

.303

.305

.307

.309

.310

.312

.314

.316

.31s

.319

2.467
2.500
2.533
2.-567
2..600

2.633
2..667
2.700
2.733
2.767

2.800
2.833
2.867
2.900
2.933

2..967
3.000
3.033
3.067
3.100

3.133
3.167
3.200
3.233
3.267

3.300
3.333
3.367
3.400
3.433
3.467

3.500
3.533
3.567
3.600
3.633

3.667
3.700
3.733
3.767
3.s00

3.833
3.867
3.900
3.933
3.967

~

1.308
1.315
1.322
1’.329
1.336

1.343
1.350
1.357
1..364
1.371

1.378
1.3s5
1.392
1.399
1.406

1.413
1.420
1.427
1.434
1.441,

1.448
1.455
1.462
1.469
1.476

1.483
1.490
1.497
1.504
1.511
1.518

1.525
1.5.32:
‘1.539
1.546
1.553

1.560
1.567

APPENDIX

MIL-s-70703
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1..160 1.950
1..164.1.972
1.-168 1.994
1.171 .2.015
1.175 2.037

1.179 2.058
1.182 2.080
1.186 2.102
1.190 2.123
1.193 2.145

1.197 2.166
1.201 2.1ss
1.204 2.210
1.208 2.231
1.212 2.253

1.215 2.274
1.219 2.2.96
1.222 2.31S’
1.2.26 2.339
1.230 2.361

1.233 2.382
1.237 2.404
1.241 2.426
1.244 2.447
1.248 2.469

1.252 2.490
1.255 2.512
1.259 2.534:
1.262 2.555
1.266 2..577
1.270 2.596

1.273 2.620!
1.276 2.642
1.2s0 2.663.
1.284 2.685,
1.287 2.706,

1.291 2.72S
1.294 2.750

1.574 1.298 2.771
1.581 1.301 2.793
1,.588 1.306 2.814

1.595 1.309 2.836
1.602 1.313 2.85S
1.609 1.317 2.S79
1.616 1.320 2.900
1.623 1.324 2.922

Mo—

2.32
2.35
2.38
2.41
2.“44

2.47
2.50
2.“53
2..56
2“.59

2.62
2.65

TMLE 1. SARDENA81L.ITTFACTORS(CONT‘i))
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Ql

1.16
1.16
1.17
1.17
1.18

1.18
1.18
1.19
1.19
1.19

1.20
1.20

,..

Downloaded from http://www.everyspec.com



.s
AQs!Y
.90
.91
.92
.93
.94

.95

.96

.97

.9a

.99

1.00
1.01
.1.02
1:03
1.0.4

1.05
1.06
1.07
1.08
1.09

1.10
1.11
1.12
:1.13
1.14

1.15
,1.16
i.17

-,1.18
“il.19

1.20
1.21

--1.22
1.23
1.24

1.25
“-1.26
.1.”27
:1.28
1.29

1.30
1,31
1.32
1.33
1.34

Carbon
Grain Size 7 &

.321 4.000
4.033
4.067
4.100
4.133

4.167
4.200
:4.233
.4.267
.4.300

4.333
4.367
4,400
4.433
4.467

4.500
4.533
4.567
4.600
4.633

:4.667
4.700
.4.733
4.767
4.800

4.833
4.867
4.900
4.933
4.967

5.000
5.051
5.102
.5.153
5.204

5.255
5.306,
5.357
5.408
5.459

5,510
5.561
5.612
5.663
-5:714

Si—

1..630
1..637
1.644
1.651
1.658

1.665
1.672
1.679
1.686
1.693

1.700
1.707
“1.714
1.721
1.728

1.735
1,742
1.749
1.756
lj763

1.770
1.777
1.784
1.791
1.798

1.805
1.812
.1.819
1.826
.1.833

1.840
1.847
1.854
1.861
1.868

1.875
.1.882
;1.889
1.S96
1.903

1.910
1.917
1.924
1.931
1.938

APPENDIX
MIL-S-70703

Nig

1.327 2.944
1.331 2.966
1.334 2.987
1.338 3.009
1.343, 3.030

1.345 3.052
1.349 3.074
1.352 3.095
1.356 3.117
1.360 3.138

1.364 3.160
1..367 3.182
1.370 3.203
1.375 3.225
1.37s 3.246

1.383 3.268
1,3S6 3.290
1.389 3.311
1.393 3.333
1.396 3.354

1.400 3.376
1.403 3.398
1.406 3.419
1.411 3.441
1.414 3.462

1.418 3.484
1.422 3.506
1.426 .3.527
1.429 3.549
1.433 3.570

1.437 3.59’2
1.440 3.614
1..444 3.635
1.447 3.657
1.450 3.678

1.454 3.700
1.458 3.722
1.461 3.743
1.465 3.765
1.470 3.786

1.473 3.808
1.476 3.830
1.481 3.851
1.484 3.873
1.487 3.894

TABLE 1. HARDENA.81LITYI?ACTORS(CONT‘D)
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—

%
Ws?Y
1.35
1.36
1.37
1.38
1.39

1.40
1.41
1.42
1.43
1.44

1.45
1.46
1.47
1.48
1.49
1.50

1.51
1.52
1.53
1.54
1.55

1.56
1.57
1.58
1.59
1.60

1.61
1.62
1.63
1.64
1.65

1.66
1.67
1.68
1.69
‘1.70

1.71
1.72
1.73
1.74
1.75

1.76
1.77
1.78
1.79
1.80

!@

5..765
5.816
5.867
5.918
5.969

6.020
6.071
6.122
6.173
6.224

6.275.
6.326
6.377
6.428
6.479
6.530

6.581
6.632
6.683
6.734
6.785

6.836
6.887
6.938
6.989
7.040

7.091
7.142
7.193
7.224
7.295

7.346
7.397
7.448
7.4.99
7.550

7.601
7.652
7.703
7.754
7.805

7.856
7.907
7.958
8.009
8.060

~

1..945
1.952
1.959
1..966
1.973

1.980
1.987
1.994
2.001
2.008

2.015
2.022
2.029
2.036
2.&43
2.050

2.057
2.064
2.071
2.078
2.085

2.092
2.099
2.106
2.113
2.120

2.127
2.134
2.141
2.148
2.155

2.162
2.169
2.176
2.183
2.190

2.197
2.204
2.211
2.218
2.225

2.232
2.239
2.246
2.253
2.260

APPENOIX
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1.491 3.916
1-.495 3.938
1.498 3!959
2’.501 3:981
1.506 4.002

1.509 4.024
1.512 4.046
1.517 4,067
1.520 4:089
L523 4L11O

1.527 4.3.32
1.531 4.154
1.535 4.175
1.538 4.197
.1.541 4.217
1.545 4.239

1.556 4.262
1.561 4.283
1.565 4.305
1.569 4.326
1.574 4.348

1.578 4.369
1.582 4.391
1.586 4.413
1.591 4.434
1.595 4.456

1.600 4.478
1.604 4.499
1.609 4.521
1.613 4;542
1.618 4.564

1.622 4.586
1.627 4.607
1.631 4.629
1.636 4.650
1.640 4.672

1.644 4.694
1.648 4.715
1.652 4.737
1.656 4.759
1.660 4.780

1.664
1.668
1.672
1.676
1.680

,,.
?. “’‘. -,’

TABLE 1, HA80EiW81LITYFAC7!OR8(CONY‘:)
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%
Au?.Y
1,81
1.82
1.83
1.84
1.85

1.86
1.87
1.88
1.89
1.90

1.91
1.92
1.93
1.94
1.95

1.96
1.97
1.98
1.99
2.00

Ml.
8.111
8.162
8.213
8.315
8.366

8.417.
8.468
8.519
8.570..
8.621

8.672
“S.723
8.774
8.825
8.876

APPENDIX

MIL-S-70703

Si.
2.267
2.274
2.281
2.288
2.295

2.302
2.309
2.316
2.323
2.330

2.337
‘2.344
2.351
2.358
2.364

‘2.372
;2.379
-“2.386’
:“2.393
..2.400

Ni—

1.687
1.694
1.701
1.708
1.715

1.722
1.729
1.736
1.743
1.750

1.753
1.756
1.759
1.761
1.765

1.767
t.”770.
1.773
-1.776
1.779*

*NickelOver 2%: Factor= 1.00+ .333(% Ni) + .066 (% Ni)2 - .055(%Ni)3 + .o18(% Ni)4

TASLE1. HARDENA81L1TY?ACTORS
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