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Asvesselshaveexpandedinsizeanddeadweight
duringthelastfifteenyears,therehasbeena similar
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weldmentsusedinvessels.Some~-xamplesofsuchcomponents
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A projectwasinitiatedtosurveytheliterature
andwriteaninterpretativereportofthestateoftheart
in thisfield.Whilevariousmethodsandpracticeswere
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INTRODUCTION

TheRulesForBuildingandClassifyingSteelVessels
(MericanBureauofShipping)requiresoftheshipbuilderthat
hullsteelcastingsandforgingsbeinspectedandfoundfreeof
injuriousdefects.Thisistobedonetothesatisfactionof
theattendantsurveyor,andtheremaybedifferencesin
ac&eptancecriteriabetweenshipyards.Intheinterestsof
uniformityandalsoasa helpincontractuallyspecifying
desiredcastingquality,theShipStructuresCommitteehas
contractedwiththeNavalSurfaceWeaponsCentertoprepare
a state-of-the-artreportonprocedureswherebycastingand
forgingqualitycanbecontrolled.

Inaddition,incorporatingtheselargecastingsand
forgingsintothehullstructureinvolvesweldingthicknesses
wellinexcessofordinaryhullwelds.Thisreportalso
considersproceduresforinspectingandcontrollingthequality
ofthesewelds.

OBJECTIVEANDSCOPE

Theobjectiveofthistaskhasbeentodeterminethe
presentstate-of-the-artforcontrollingthequalityoflarge
steelcastings,forgingsandthickweldsusingnondestructive
inspectiontechniques.Thishasbeendonebya reviewof
specificationsandstandardssetforthbycodebodiesanda
surveyofrepresentativemanufacturers.

BACKGROUND

AccordingtotheRulesFor‘Bui’ldi’nqandClassifyingSteel
VesselssetforthbytheAmericanBureauofShipping,“All
castingsaretobeinspectedbytheSurveyorsafterfinalheat
treatmentandthoroughcleaningandtheyshallbefoundfree
frominjuriousdefects.”Minordefectsmayberepairedatthe
discretionofthefoundry.Majordefectsmayberepairedwith
theapprovaloftheattendantsurveyor.

Repairisdonebychippingorgrindingtosoundmetaland
thenreweldingbyanapprovedprocedure.Tnthecaseofmajor
discontinuityremoval,verificationofcompleteremovalis
accomplishedbysubjectingtheexcavationtoeitherradiographic
ormagneticparticleinspection.

TheRulesForBuildingandClassifyingSteelVesselsalso
requirethathullsteelforgingsbeinspectedbythesurveyor
afterfinalheattreatmentandbefoundfreefrominjurious
d f i i



NONDESTRUCTIVEINSPECTION- GENERAL

Inregardtomaterialevaluationusingnondestructive
inspectiontechniques,therearefiveordinarymethods-
Radiography,Ultrasonics,MagneticParticle,Liquid
Penetraht,andVisualInspection.

Ofthese,onlyradiographyorultrasonicinspectioncan
provideproofofinternalintegrityandtheyareconsidered
theprimarymethods.However,visualinspectionandthe
magneticparticlemethodareeasytoapplyandcanbea
valuableadjuncttotheotherprimarymethods.Inparticular,
visualstandardscanbeusedtospecifya requiredsurface
textureandmagneticparticleinspectioncanbeusedto
inspectforcracksnearthesurface.Also,whendefectsare
foundbeneaththesurfacebyeitherradiographyorultrasonics,
andaretoberemovedbychippingorgrinding,magnetic
particleinspectioncanbeusedtoverifycompleteremovalof
thosedefects.

Liquidpenetrantisnotmuchusedonlargesteelpieces
becausemagneticparticleinspectionisusuallysuperiorfor
discontinuitydetectionandismuchfastertodo. However,
itcanbedoneanditsusewillbeconsidered.

NONDESTRUCTIVEINSPECTIONOFSTEELCASTINGS

Radiography.Controllingthequalityofsteelcastings
usingradiographicinspectionrequiresfirstofalla means
forensuringthattheinspectionisdoneproperly.Thiscan
beaccomplishedbyspecifyinggoodpracticeaccording~hi:STM
E-94,RecommendedPracticeforRadiographicTesting.
documentisprimarilyeducationalandconsidersthe“preferred”
parametersofindustrialradiographywithoutdiscussingthe
principlesofphysicsuponwhichthesearebased.Bothx-ray
andgamma-rayradiationsourcesarereviewed.Neither
interpretationnoracceptancecriteriaarecovered- theseare
lefttocontractualagreement.Itshouldbenofed,however,
thatunlessotherwisespecifieda radiographicqualitylevelof
2%(.2-2T)isimplied.

SatisfactoryfilmqualitycanbecontrolledwithASTM
E-142,ControllingQualityofRadi’ograp”hic”Testing.This
methodstandardizesthetechniquesforcontrollingthe
reliabilityorqualityofradiographicimages.Unlessother-
wisespecified,a minimum2%(2-2T)qualitylevelisrequired.

Theimagequalityindicator(penetrameter)isdefinedand



Objectswithvaryingthicknesscanbeexpectedtoresult
inradiographsexhibitingdensityvariation.Permissible
limitsforonepenetrameteraredefinedas-15to+30%.
Variationsinexcessofthisrequiretwopenetrametersplaced
atfilmdensityextremestoqualifytheareabetween.

Thetypesofcastingdiscontinuitiesthatmayberevealed
byradiographicinspectionareillustratedingradedseriesin
referenceradiographspublishedbyASTMaslistedbelow:

ASTME-186ReferenceRadiographsforSteelCastings
(2-41/2”section)

CategoryA - GasPorosity- Severitylevels 1-5
B - SandandSlagInclusionslevels 1-5
c- Shrinkage

Type1 - Severitylevels 1-5
2 - Severitylevels 1-5
3 - Severitylevels 1-5

D- Lineardiscontinuityseveritylevel1 - 5
E - Inserts

Type1 - Severitylevels 1-5
2 - Severitylevels 1-5

Figures1 - 8 arepaperprintswhichillustratethemost
severelevelforeachofthesediscontinuitytypes.Theseare
presentedforillustrativepurposesonlyandmaynotbeused
asacceptancecriteria.

TheASTME-186seriesisavailableforthreeconditionsof
radiographicexposure:GammaRays(Co60,Ra),1 - 2MeVX-rays,
and10- 24MeVX-rays.

ASTME-280ReferenceRadiographsforSteelCastings
(41/2- 12”sections)

CategoryA -
B -
c-

D -
E -

GasPorosity- Severitylevels 1-5
SandandSlagInclusionslevels 1-5
Shrinkage
Type1 - Severitylevels 1-5

2 - Severitylevels 1-5
3 - Severitylevels 1-5

Hottears& cracksseveritylevel 1 - 5
Inserts
Type1 - Severitylevels 1-5

2‘-Severitylevels 1-5
TheE-280seriesisavailablefor

radiographicexposure:GammaRays(Co6i~oR~~~d~~~o~~~f24
MeVX-rays.

3
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FIG.1- IllustrationofGasPorosity,CategoryA,
Severitylevel5- fromASTME-186,Reference
RadiographsforSteelCastings

FIG.2- IllustrationofSandandSlagInclusions,
CategoryB,Severitylevel5 - fromASTME-186,
ReferenceRadiographsforSteelCastings.
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FIG.3- IllustrationofShrinkage,Type1,Category
C,Severitylevel5 - fromASTME-186,Reference
RadiographsforSteelCastings.

FIG.4- IllustrationofShrinkage,Type2,
CategoryC,Severitylevel5- fromASTME-186,
ReferenceRadiographsforSteelCastings.



“m

FIG.5- IllustrationsofShrinkage,Type3,
CategoryC,Severitylevel5- fromASTME-186,
ReferenceRadiographsforS,teelCastings.

FIG.6 - IllustrationofLineardiscontinuity,
CategoryD,Severitylevel5- fromASTME-186,
ReferenceRadiographsforSteelCastings.
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FIG.7- IllustrationofInserts,Type1,CategoryE, FIG.8- IllustrationofInserts,Type2,CategorySeveritylevel5 - fromASTME-186,Reference E,Severitylevel5 - fromASTME-185,ReferenceRadiographsforSteelCastings. RadiographsforSteelCastings.



Ifreferenceradiographsaretobeusedasa meansfor
controllingcastingquality,itmustberealizedthattheyare
notinthemselvesa standard.Theirusemustbesupplemented
bycontractualspecificationssettingforththemaximum
acceptablelevelofseverityforeacht~e ofdiscontinuity
illustrated.Inaddition,thisshouldbedoneforeachsection
ofthecastingrequiringradiographicinspectionandforwhich
differentservicerequirementsarerecognized.

Theseveritylevelsforthetypesofdiscontinuities
illustratedarenotequivalent.Acceptancecriteriabased
uponASTMReferenceRadiographs“shouldreflectseparate
considerationforeachtype.Forexample,referencingE-186,
maximumacceptablediscontinuitiesregardinga specificpart
ofthecastingareasfollows:

CategoryA -
B -
c-

D-
E -

GasPorosity- Severitylevel 4
SandandSlagInclusionslevel 3
Shrinkage
Type.1 - Severitylevel 1

2 - Severitylevel 2
3 - Severitylevel 2

Lineardiscontinuity none
Inserts
Type1 - Severitylevel 4

2 - Severitylevel 4
Itshouldalsobenotedthatthesizeofthereference

radiographisinherentlya partoftheacceptancecriteria.
Asforexample:Usinga radiograph5“x 7“,thenno5“x 7“
areaofthecastingradiographscanexhibitdiscontinuities
inexcessofthatillustratedinthespecifiedmaximumlevel
severityforthatdiscontinuitytype.

UltrasonicInspection.Ultrasonicinspectionisbeing
usedtocontrolthequalityofsteelcastingsinboththe
UnitedStatesandoverseas.Longrecognizedas a #aluable
supplementarytooltoradiographicinspection,manyfoundries
andtheircustomersnowuseultrasonicinspectionasthesole
nondestructivetestingmethodfordeterminingsubsurface
castingintegrity.

Whentheultrasonicmethodistobeusedasa primary
methodforinspectingsteelcastings,procedurecanbe
controlledbyspecifyingASTMA-609,LoqqitudinalBeam
UltK,asOnicznS:p@c,tionofCarbon;andLoWALI’dy”’Slie”e”l‘Castings.-—

Thisspecificationmaybeused’contractuallytoestablish
a requiredqualitylevel.Itmustbestatedifthequality
levelistobefortheentirecastingoronlyforcertain
sections.

8



Examinationisbytheultrasonicpulse-echomethodusing
thelongitudinalbeam(straight)technique.Requirementsare
setforthregardingtheultrasonicinstrument.Itmustbe
capableofgeneratingfrequenciesbetween1 and5MHZandhave
verticallinearitywithin+ 5%for75%ofthescreenheight.
A signalattenuatoraccura~etowithin10%isalsorequired.
Primaryinspectionistobedone“usingeitheroneinchsquare
oroneinchdiametertransducers-

Referenceblockscontainingflatbottomedholesareused
toestablishtheinstrumentsensitivity.Thediameterofthe
holeisheldconstantat1/4inchbuttheblockscomprisingthe
setvaryinlengthfrom1 - 10incheswithprovisionfor
testingthicknessesgreaterthan10inches.

Thepersonnelperformingtheultrasonicexaminationmust
bequalified,andgeneralguidanceinthisregardisprovided.
QualificationtoASNTTC-lAissuggestedbutnotrequired;but,
a recordmustbekeptof‘personnelqualification.

Anyheattreatmentformechanicalpropertiesmustbedone
beforeultrasonicexamination.Thereisa requirementforthe
cleaningofthecastingsurface.

Theinspectionofthecastingistobedoneata ratenot
toexceedsixinchespersecondandthetransducerpassesmust
overlap.

Insomecases,itmaybeadvantageousornecessarytouse
ananglebeamtechnique.Properprocedurecanbespecified
usingASTME-587-76,.Standard“RecommendedPracticefor”Ultrasonic
AngleBeamExaminationByThe”.Cdn~aGtiMe’thod.Thisrecommended
practiceconsiderstheultrasonicexaminationofmaterialsat
angularincidence.Fourtypesofwavesareconsidered:
Longitudinal,Shear,Rayleigh~andLamb.Thephysicsandmethods
ofgeneratingeachtypeofwavearesetforth.Inaddition,
attentionisgiventopossibletestcomplicationswhichmight
ariseduetothecoexistenceoftwodifferenttypesofwaves
undercertainconditions.

A calibrationprocedureissuggestedutilizingthereflection
froma side-drilledhole.Thediameteroftheholeisnot
specifiedandsomustbedescribedcontractually.Inregardto
acceptancecriteria,itissi?ggestedthatadvanceagreementbe
maderegardinginterpretationanda rejectionlevel.

Inadditiontothesedocumentsproducedthroughcodebodies,
somefoundrieshavecreatedultrasonicinspectionprocedures
designedtoreplaceradiographicinspectionofa statedseverity
level- usuallywitheconomicadvantage.Theseproceduresare
invariablyproprietaryand,therefore,notgenerally available

exceptona case-by-casebasis.

9



Castingsareoftencomplexinconfigurationandcomplete
inspectiondoneusingultrasonicsmayrequireinnovative
techniques.Valuableguidanceinthisregardhasbeen
providedinthefollowingpublicationsbytechnicalsocieties:
UltrasonicTestingofSteelCastings,SteelFoundersSociety
ofAmerica,RockyRiver,Ohio,June,1976;AtIdsofSomeSteel
CastingFlawsasshownbyNon-DestructiveTesting,SteelCastings
ResearchandTradeAssociation,Sheffield,England,1968.

MagneticParticleInspection.Steelcastingsmaybe
inspectedwiththemagneticparticlemethod.Properprocedure
canbeassuredforwetmethodusingASTM E-138,‘Wet.Magnetic
ParticleInsnection-.Thisstandardmethod,applicabl~toall
ferromagneticmaterials,presentstechniquesforthewetmethod
ofmagneticparticleinspection.Itdoesnotpresentorsuggest
standardsfortheevaluationofindicationsobtained.Itis
recognizedthoughthatevaluationisnecessaryandtherecom-
mendationismadethatcontractualagreementincludethe
acceptancecriteria.Inaddition,itfurtherrecommendsthat
thecontractspecifytheareatobeinspected,thetypeof
magnetizingcurrent(ACorDC),thedirectionofthemagnetic
field,howmany“shots”aretobeused,
(longitudinal,

themethodofMagnetization
circular,over-allorlocal),themagnetization

currentorampereturnstobeusedoneach“shot’tandthesequence
ofoperation(continuousorresidual). Itisstatedthat“All
ofthesetechniquescausevariationsinresultsandmustbe
standardizedifreproducibleresultsaretobeobtainedupon
whichacceptancestandardsaretobebased.”Thebalanceofthis
standardmethodsetsforththeprinciplesofgoodpractice.

Ifthedrymethodistobeused,theprocedurecanbecontrolled
usingASTME-109,DryPowderMagneticParticleInspection.This
methodconsidersallofthemagnetizingproceduresuse= thewet
methodandalsoincludes,inaddition~‘magnetizationusing
electricalprods.Aswiththewetmethod,acceptancecriteriais
neithersetforthnorsuggested.Fudther,aswiththewetmethod,
thisstandardrequiresa specificagr~ementbetweenthecontractural
partieswhichaccuratelydefinesindicationsconsideredacceptable
andthoseconsideredunacceptable- thisinregardtotype,
locationanddirection.

Thedocumentreviewstheequipment,materialsandprocedure
relatedtogoodpractice.Specificguidanceispresentedfor
magnetizingtechnique,directionofmagnetizationandthesequence
ofoperations.Therequirementsforadequateelectricalcurrent
aresetforthina tablewhichconsidersbothprodspacingand
sectionthickness.

Appendix1ofASTME-109presentsAdditionalProcedures,
whichincludesdirectandindirectmethodsforaccomplishingover-
allmagnetization,techniquesrelatingtolongitudinalmagnet-
ization,theuseofalternatingcurrent,theutilizationof
residualmagnetizationandproceduresfordemagnetization.

NOTE: ASTME-109andE-138havebeenddetedandr@pla=dWM~E-709.
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Appendix2 ofASTME-109includesTypicalIndications.
Thisisa setofreferencephotographsillustratingindica-
tionsoncastings,welds,rolledorforgedmaterialandnon
relevantindications.

Difficultiesarefrequentlyencounteredinattemptsto
contractuallyspecifyacceptableorunacceptableconditionsas
revealedbymagneticparticleinspection.Thishasprompted
ASTMtoassemblea setofreferencephotographstoprovide
assistanceinthisregard.Thesearepublishedas: ASTM
E-251-63,Refer.enc.e,Ph.otoqraphSForMagneticparticleIndications
an,F,errousCast~n.g$.Thesereferencephotographsareapplicable
toferromagneticcastingsinspectedbythedrypowdermagnetic
particlemethod.Bycomparingthediscontinuitiesrevealedin
magneticparticleinspectionwiththesereferencephotographs,
specificationsand/oracceptancecriteriamaybeestablished.
Itisnecessarytocontractuallystatethelimitingdegreeof
severityandthelocationstobeinspected.

Fivetypesofcastingdiscontinuitiesareconsidered.These
are:Lineardiscontinuities- fivelevelsofseverity,three
exampleseach;Shrinkage- fivelevelsofseverity,oneexample
each;Inclusions- fivelevelsofseverity,oneexampleeach;
Internalchillsandchaplets- fivelevelsofseverity,one
exampleeach;Porosity- twoexamples.

Inaddition,referencephotoqr.aphsareincludedforwelds
whichmaybeincorporatedintothecasting:Oneexampleeach
ofweldporosity,incompletepenetration,undercutting,inclusions
intheweld~andcratercracking.

Fiveexamplesarepresentedoffalseindicationsandfive
examplesareincludedofmagneticanomalies.

Itiscalledtothe‘usersattentionthatthereisno
correlationorequivalencybetweenthelevelsofseverityofthe
variousdiscontinuities.

LiquidPenetrantInspectionMethod.Ifliquidpenetrant
inspectionistobeusedtoinspectsteelcastings,proper
proceduremaybeensuredthroughASTME-165,~>.quidPenetrant
Inspection-’‘Method.Thisisa standardrecommendedpractice
applicabletononporousmetallicmaterialssuitedtothedetection
ofdiscontinuitieswhichareopentothesurface,suchascracks,
seams,laps,coldshuts,laminationsandlackoffusion.

Standardsforevaluatingindicationsareneitherindicated
norsuggested.Therefore,contractualagreementmustinclude
specificationsdefiningthetype,size,location,anddirection
ofindicationsconsideredacceptableandunacceptable.Further,
a “strongrecommendation”ismadethatthespecifictechniques
bea partoftheagreement.

Fluorescentandvisibleliquidmethodsareconsidered.For
eachofthese,threesubgroupsarerecognized:water-washable,
post-emulsifiable,andsolvent–removable.Proceduresrelatingto
goodpracticearesetforthforeach.

‘1
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A cautionarynoteisincludedregardingthesulfurand
chlorinecontentofthepenetrantinspectionmaterials.In
somecases,thepartstestedmaybeadverselyaffected.
Limitationsonthesesubstancesmaybeanessentialpartof
thecontractualagreement.

Thedescriptionofindicationsasrevealedbypenetrant
inspectioncanbedifficult.Someassistanceisavailable
thr~ughreferencephotographsinASTME-433,Liquidpenetrant
Inspection,Thisstandardisa setofreferencephotographsof
surfacediscontinuitiesrevealedbyliquidpenetrantinspection.
Althoughnoattempthasbeenmadetoestablishlimitsof
acceptability,itisstatedthatthesephotographsmaybeused
asa referenceinspecificationsoracceptancestandards.Such
usemustbesupplementedbylimitationsonactualdiscontinuity
lengthandthenumberofindicationsacceptableperunitarea.

Thereferencephotographsrecognizea distinctionbetween
indicationsforwhichneitherofthemeasurabledimensionsis
threetimesgreaterthantheotherandindicationsforwhich
thisistrue.Foreachcategoryfoursubgroupsarepresented:
Single,MultipleUnaligned,MultipleAlignedandtheIntersection
ofsurfacessuchascornersorfillets.

VisualInspection.TheManufacturersStandardizationSociety
oftheValveandFittingsIndustryhavedevelopedvisualstand-
ardsforevaluatingsteelcastings:s-P-55,1971edition
(reaffirmed1975),$@lityStandardForSteel.Castirms”ForValves,
FlanqesandFittinqsandOtherPipinqComponents(VisualMethod).
Figure9whit? illustratesthesurfaceconditionswrinkles,laps~
andcoldshuts,isanexampleofthevisualstandardssetforth
inthisdocument.

Thesestandardsillustratesteelcastingsurfaceconditions
thatmaybeevaluatedvisually.Twelvecategoriesarepresented
infivegradationsofseveritywithsuggesteddegreesof
acceptability:

TYPE1: HOTTEARSANDCRACKS,Linearsurfacediscontinuities
orfracturescausedbyeitherinternalorexternalstressesor
a combinationofboth-actingonthecasting.Theymayoccurduring
orsubsequenttosolidification.Ingeneral,visiblesurface
cracksand/orhottearsarenotacceptable.

TYPE2: SHRINKAGE,A voidleftincastmetalsasa result
ofsolidificationshrinkageandtheprogressivefreezingof
metalwhichisexposeduponcuttingoffrisersandgates.

1. ReproducedbypermissionoftheManufacturersStandardization
SocietyoftheValveandFittingsIndustryr1815NorthFort
MyerDrive,Arlington,VA 22209.

12



ACCEPTABLE

FIG.9 -WRINKLES,LAPS,
fromQualityStandard
s-P-55(VisualMethod)



NONACCEPTABLE

FIG.9-WRINKLES,
LAPS,FOLDS,AND
COLDSHUTS
QualityS-
forSteel
s-P-55(v”
Method).

from
andard
Castings
sual
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TYPE3: SANDINCLUSIONS,Sandwhichbecomesentrappedin
themolten”metalandshowsoncastingsurfaces.

TYPE4: GASPOROSITY,Voidsincastmetalcausedby
entrapmentofgasduringsolidification.

TYPE5: VEINING,Featuresonthesurfaceofcastings
appearingasa ridgeandassociatedwithmovementorcracking
ofsand.

TYPE6: RATTAILS,Featuresonthesurfaceofcastinqs
appearingasa depressionresulting
ofthemoldsurfaces.

TYPE7: WRINKLES,LAPS,FOLDS
irregularitiescausedbyincomplete
moltenmetalsurfaces.

fromfaultingorbuckling

ANDCOLDSHUTS,Surface
fusingorbyfoldingof

TYPE8: CUTTINGMARKS,Irregularitiesincastingsurfaces
resultingfromburningormechanicalmeansusedinthecleaning
ofcastings.

TYPE9: SCABS,Slightlyraisedsurfaceblemisheswhichare
usuallysandcrustedoverbya thinporouslayerofmetal.

TYPE10: CHAPLETS,Evidenceofchapletsonsurfaceof
castingdisclosingincompletefusion,whichlikewisecanapply
tointernalchills.

TYPE11: WELDREPAIRAREAS,Evidenceofimpropersurface
preparationafterwelding.

TYPE12: SURFACEROUGHNESS,Surfacetextureduetodesign,
pattern,gatingandsandconditions.

NONDESTRUCTIVEINSPECTIONOFSTEELFORGINGS

RadiographicInspection.Theforgingprocesssqueezesshut
volume-typediscontinuitieswithincastmaterialandflattens
outforeignmaterialsuchasslag.Laminationsrelatedtothese
conditionshavenarrowdimensionswhichareunfavorableto
detectionbyradiography.Similarly,cracksmustbeunfavorably
orientedfordetection.Consequently,radiographyshouldnot
beusedasa primarytoolforforgingevaluation.

UltrasonicInspection.Ultrasonicinspectionisanexcellent
toolforexaminingheavyforgings.However,itsuseasa primary
inspectionmethoddoesrequireassuranceofproperprocedure.
Thiscanbeaccomplishedby specifyingASTMA–388,~Jltrasonic
ExaminationOfH.eav~Steel.Forqin~s..Thisrecommendedpractice
coversbothstraightbeamandanglebeamtechniquesforthe
examinationof‘heavysteelforgings.

15



Thisistobedonewiththepulse-echoreflectiontype
instrument.A nominalfrequencyof2 1/4MHzisrecommended
whereverpractical.However,forcoursegrainedmaterials~~
1MHzispermittedanda frequencyaslowas0.4MHzis
acceptablefordifficulttopenetratematerialssuchas
austeniticsteel.Theactiveareaofthetransducerisre-
strictedtoamaximumof1 squareinchforstraightbeamwork
andeither1“x 1“or1“x 1/2”forangl-beamscanning.

Approvedcouplantsinclude:water,glycerin,motoroil~
orpineoil,butitiscautionedthatcouplingcharacteristics
canbeexpectedtodiffermdconsistencymustbemaintained
betweenthecalibrationprocedureandtheactualwork...~his
isemphasizedina graphinthatappendixinwhichthesignal
amplitudefromreferencereflectorsisplottedagainstsurface
curvature.Thecurveforoilandglycerindiffersignificantly.

Requirementsaresetforthforinstrumentlinearityregarding
signalamplitude.Thisistobedoneusingapprovedreference
blockscontainingflat-bottomedholes.Thesameblocksareto
beusedtoestablishtheinstrumentsensitivityforscanning
theworkmaterial.

Thesurfacetobeinspectedmust‘befreeofextraneous
materialsuchaslooseScqleordirtandthesurfaceroughness
isnottoexceed’25Qu i“nchunlesssostatedinthecont~act=If
theforgingistobeheattreated,thenexaminationistobedone
afterthatiscompleted.

Inperformingtheultrasonicexamination,a 15%overlapOf
passesis.requiredata scanningratenottoexceed6 in./sec;
andrifpossible,attwoperpendiculardirections.Guidanceis
presentedforthescanningtechniquetobeusedonforgingsof
specificgeometry-cylinders,hollows,etc.

Asanalternatetocalibrationusingreferenceblocks,a
techniqueispresentedwherebyforstraightbeamexamination,the
reflectionfromthebacksurfacecanbesetat75%offull-screen
heightandsensitivitycanthenbeincreasedbyusingthe’decibel
attenuator.Iftheforgingthicknesschanges,recalibrationis
required.

Duringexaminationoftheforging,inadditiontomonitoring
signalsfromwithintheforgingvolume,theoperatorisrequired
toalsomonitorthereflectionfromthebacksurface.Thisis
donebecausea signalreductionmaybeindicativeofflawsand
alsocouldalerttheoperatortoconditionsofpoorcouplingor
nonparallelsurfaces.

Forangle-beamscanning~a 45°angle-beamsearchunitis
recommendedandcalibrationistobedoneona rectangularor
600”“v-notch”cut3%ofthenominalthicknessor1/4”whichever
issmaller.Ringsandhollowforgingsaretohavea not~hon
bothsurfacesanda referencelevelcurveistobeconstructed
tocompensateforattenuationandbeamscatter:Sensitivityis
setbyadjustingthesignalfromthereferencenotchontheback
sideto75%offull-screenheight.
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Itisstatedinthisrecommendedpracticethatforgingsare
toodiversetoestablisha universalqualitylevel,andthat
acceptancecriteriashouldbebasedupona realisticappraisal
ofservicerequirements.

Guidanceisprovided,however,intwoseparateways:First,
~certaintypeindicationsaretoberecorded.Theseinclude
(1)signals10%theamplitudeofthebackreflectionsignalor
thoseequaltoorinexcessof100%ofthereferenceamplitude
obtainedusingthecalibrationblock,(2)indicationscontinuous
ona plane,(3)indicationswhichtravelwithmotionofthe
searchunit,(4)clustersofindications,(5)reductionin,back
reflectionsignalamplitudeexceeding20%oftheoriginal
amplitude~(6)foranglebeamexamination- anysignal50%or
largerthanthereferenceline.Second,itissuggestedthat
acceptancebeestablishedbasedupononeormoreofthefollowing
criteria:(1)a limiton signalamplitudeexpressedasa
percentageofthebackreflection,(2)a limitonsignal
amplitudeexpressedinrelationtothdsignalamplitudeobtained
incalibrationusinga referenceblock,(3)a limitonthe
reductioninsignalamplitudeofthebacksurfacereflection-
expressedasa percentage,(.4)a combinationofsignalamplitude
andreductioninbacksurfacesignalamplitude,and(5)forangle
beamexamination- alimitonsignalamplitudeexpressedasa
percentageofthereferenceline.

MaqneticParticleInspection.Steel-forgingsmayalsobe
inspectedfordisconitnuitiesopentothesurfaceusingeither
thewetordrymethodofmaqneticparticletestinq.Procedure
canbecontrolledbyspecif~ingAS~MA-275,MaqneticParticle
ExaminationOfSteelForqinqs.Thisstandardmethodconsiders
bothwetanddrymagneticparticletestinqofsteelforgings.
Itprovidesproceduralguidanceconstitutinggoodpractice-for
thecontinuous,surge,andresidualmethodsofmagnetizationand
thetwogeneraltypesofmagnetization,longitudinalandcircular.
Itrequiresthattwoapproximatelymutuallyperpendicular
examinationsbeconductedseparatelyoneacharea.

Thisstandarddoesnotpresentanyacceptancestandards
anddoesnotdefineanyqualitylevels.However,itstates
thatstandardsforacceptanceshallbespecifiedinthecontract
ororder.

Althoughacceptancecriteriaisnotsetforth,this
standarddoesdefineanddescribe”thetypesdfindicationswhich
maybeobtained.Thesearegroupedintothreebroadcategories:
(.1)surfacedefectssuchasforginglapsandfolds,laminar
defects,flakes,andcracksduetoheattreating,shrinkage,
grinding,andetchingorplating;(2)subsurfacecrackssuchas
stringersofnonmetallicinclusions,largenonmetallic,cracks
intheunderbeadofweldsandforgingbursts;and(3)nonrelevant
indicationssuchasmagneticwriting,changesinsection,weld
edgesandflowlines.
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Nonrelevantindicationsmustberesolvedbyothermethods
ofnondestructivetestinganddemonstratednonrelevantor
eliminatedbysurfaceconditioning.Sincesubsurfaceindications
cannotbefoundusingalternatingcurrent,andifthistype
ofdiscontinuityisofimportance,theuseofmethodsemploying
directcurrentmustbespecified.Criteriaforevaluating
discontinuitiesshouldbebasedonsize,number,locationand
forlinearindicationsthelengthanddirection.

Useofthisstandardistobesupplementedbythepreviously
mentionedE-183-63andE-109-63whichconsiderthewetanddry
methodsofmagneticparticleinspection.

LiquidPenetrantInspection,Whilemagneticparticle
inspectionisa super~orandfasterwaytoinspectsteelforgings~
liquidpenetranttestingcanbedoneandinvolvesthesame
standardsandprocedurespreviouslysetforthforcastings.

VisualInspection.Ifsurfacetextureisimportant,the
AmericanNationalStandardASNIB46.1SurfaceTexturecanbe
usedforthispurpose.

NONDESTRUCTIVEINSPECTIONOFTHICKWELDS

Radiography.Thequalityofradiographyforsteelwelds
iscontrolledusinqthesamespecificationsE-94andE-142,
previouslydiscuss=dunder’the”radiographicinspectionof
steelcastings.Discontinuitiesrevealedbyradiographycan
beevaluatedusingASTME-390,.Ref@renceRadiograph=‘or‘teel
FusionWelds.Volume11isapplicabletoweldsbetween1 1/2”
and3“. VolumeIIIisforwelds3“- 8“thickness.Table1
liststhetypesandnumberofgradesofseverityineachvolume.

Aswiththecastingreferenceradiographs,thesearenot
standardsinthemselves;however,theycanbeusedtocreate
acceptancecriteriabycontractuallyspecifyinga maximum
acceptablegradeofseverityforeadlitypediscontinuity.For
example,referencingASTME-390,themaximumpermissibleseverity
levelforeachtypediscontinuityina weldof2 1/2”isas
follows:

FineScatteredPorosity Grade4
CoarseScatteredPorosity Grade3
Clusteredporosity Grade‘4
LinearPorosity Grade1
ElongatedPorosity None
SlagInclusions Grade2
TungstenInclusions N@
IncompletePenetration Grade1
LackofFusion Grade1
BurnThrough None
Icicles
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Cracks None
Undercut None

UltrasonicInspection.Theultrasonicmethodcanbeused
onthickweldswithadvantage.Theordinaryanglebeammethod,.
slightlymodified,isapplicableandinadditionthatinspection
canbecomplementedusingthestraightbeam.Theprocedure,
however,ismorecomplexwiththickweldsandshouldbe
controlledinaccordancewithASTME-164,uLTRASONICCONTACT
EXAMINATIONOFWELDMENTS.Thisstandard-recommendedpracticeis
applicabletoweldsUp to eiqhtindhesthicknessusinqeither
straightbeamoranglebeamtechniques.Personnelperforming
theultrasonicexaminationshouldbeproperlytrained.SNT-TC-lA
isreferredtoforqualification.

Noacceptancecriteriaispresentedanditisleftto
contractualagreementtoestablishcalibrationstandards.

Theultrasonicinstrumentusedforweldexaminationshould
havean“A-scan”presentationanda capabilityforgenerating
therecommendedinspectionfrequenciesof1.0– 5.0MHZ.
Quantitativeevaluationofflawsrequirestheinstrumenttohave
eithera linearamplifier,calibratedgaincontrolora distance
compensatingamplifier.Therearerequirementsforhorizontal
linearity.

Searchunitsassmallas1/4inchdiameterarerecognized
assuitableforsomeapplicationsandsizesaslargeas1 1/8
inchdiameterarepermitted.Forshearwaveinspection,
rectangularprobeshavinga lengthtowidthratiogreaterthan
twoarenotrecommended.

Shearwaveanglesarenotspecified,buta tableisset
forthwherebyoptimumanglesarecorrelatedwithvariousbase
metalthicknesses.Thenominalangleindicationonthetrans-
ducerwedgeshouldbecheckedtoavoiderroneousconclusions
regardingdiscontinuitylocation,Twomethodsforaccomplishing
this,thepolarcoordinateandrectangularcoordinate,are
presentedinanannex“toASTMI?-164.

Calibrationisconsideredindetail.A procedureis
presentedfordeterminingtheactualdistancetraveled.This
isnecessaryinordertoaccuratelylocatediscontinuities.An
equalanglereflectingsurface,incorporatedintocertaintest
blocks,isrecommended,butthismayalsobedoneutilizingthe
reflectionfroma notch.Testblockswithside-drilledhales
(illustratedinanannex)areusefulforperformingdistance,
amplitude,positionanddepthcalibration.Inaddition,this
typeoftestblockcanbeusedtodeterminetherelationbetween
depthordistancetraveledandsignalamplitudefluctuations.
Thisistobedoneeitherbyconstructinga curveonthe
oscilloscopescreenorwithinstrumentsso equipped,usingthe
distance- amplitudecontrolstoobtainsignalsofequalscreen
heightfromalldepthswithinthetestrange.
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TABLE1:

TYPESOFWELDDISCONTINUITIESAND

LEVELSOFSEVERITYPRESENTEDIN

ASTME-390

DISCONTINUITYTYPE

Scatteredporosity

Finescatteredporosity

Coarsescatteredporosity

Clusteredporosity

Linearporosity(globular
indications)

Elongatedorwormhole
porosity

Slaginclusions

Tungsteninclusions

Incompletepenetration

Lackoffusion

Burnthrough

Icicles (teardrops)

Longitudinalcrack

Transversecrack

Cratercrack

Undercut

VOLUMEII
1 l/2~1- 311

Grade1 - 5 .

Grade1 - 5

Grade1 - 5

Grade1 - 5

Ungraded

Grade1 - 5

Ungraded

Grade1 - 5

Grade1 - 5

Ungraded

Ungraded

Ungraded

Ungraded

Ungraded

Ungraded

VOLUMEIII
311_ ~11

Grade1 - 5

Grade1 - 5

Grade1 - 5

Grade1 - 5

Grade1 - 5

Un~raded

Ungraded
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It is recognizedthattheremaybecouplingdifferences
betweenthetestblocksurfaceandthatoftheworkpiece.
A testblock+withsurfaceroughnessequivalenttothatofthe
workwouldcircumventthedifficultybutmaynotbefeasibleto
prepare.Alternatively,atransfertechniquemaybeused.
Thisprocedureutilizesa notchinthebasiccalibrationblock
anda similarnotchmachinedintotheweldseam.Theratio
of”signalamplitudefromthesetwonotchespermitsadjustment
ofinstrumentsensitivitytoachievea validcalibrationfor
useontheworkpiece.Allofthecalibrationproceduresand
testblocksaredescribedindetailinthetestandannex.

Whenlongitudinalwaves(straightbeam)areusedinweld
inspection,thecalibrationprocedureisessentiallyidentical
tothatforshdarwaves.Itispointedout,however,thatif
bothmethodsareusedanditisdesiredtohaveequivalentwave
lengthswithinthetestmaterial,thelongitudinalprobeshould
bea frequencyaboutdoublethatoftheangleprobe.

Thisrecommendedpracticeislimitedtospecificweld
geometries:Buttweld,~~TeelljointsandcornerjOints,Both
flatandcurvedsurfacesareconsideredandspecificinspection
proceduresaresetforthforeach.

Severaltechniquesaresuggestedfordiscontinuityevaluation:
signalamplitudecanbeusedtomeasuredefectseverity,’butit
isemphasizedthatthisshouldbebasedonexperiencewithactual
defectsandnotartificialreflectors;discontinuitydimensions
canbedeterminedlocatingthepointswheresignalamplitude
fallstoonehalf;orientationcanbededucedfromrelative
signalamplitudesobtainedbyalteringthedirectionofinspection;
andreflectorshapemaybededucedfromtherelativesharpness
ofthesignal.

Thedeterminationofdiscontinuitydimensions,orientationand
shapemaybeusefulbutshouldnotbea basisforacceptance
criteriabecauseofthegreatdependenceon operatorskill.

MaqneticparticleInspection.Themagnetic:.particlemethod
maybeusedtoinspectweldsfordiscontifiuitiesopentothe
surfacebefouemoresophisticatedtechniquesareused,Itcan
alsobevaluableforvertfyingcompletedefectremovalpriorto
rewelding.

Withtheexceptionoftheelectricalcurrentrequirements,
thetechniqueforinspectingweldswithmagneticparticlesis
independentofthethickness.Goodpracticeissetfortihinthe
previouslydiscusseddocumentE-109.

Technicaldetailsinvolvingthemagneticparticleinspection
ofweldsarepresentedinWeldingInspectionoftheAmerican
WeldingSocietyandinSSC-253,A Guide”fortheNondestructive
Testing“o’fNon-ButtWeldsinCommercialShi~s- PartiOne.
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VisualInspection.Asidefrompossiblecrackdetection,the
primaryapplicationofvisualinspectionisthedeterminationof
satisfactoryweldcontourrequirements.Gaugesmaybeuseful
andtheiruseisdescribedinsSC-253,previouslylisted.

EFFECTOFDISCONTINUITIESONMECHANICALPROPERTIES
Someguidanceinregardtotheeffectofcastinudiscon-

tinuitiesonmechanicalpropertiesisavailablefrom-theSteel
CastingsHandbook.2Figure10illustrateslengthsofshr=e
cavitycorrelatedwithtensileandyieldstrengths.Theresults
ofanotherstudyoftensilestrengthforcastingscontaining
defectsispresentedinTable2. Dynamictestinghasalsobeen
correlatedwithcastingdiscontinuities.Thisisillustrated
inFigures11,12,and13whichpertaintofatigueandFigures
14,and15whichconsiderendurancelimits.-Table3 compares
castingandwelddiscontinuitiesinregardtotheendurance
ratiosinbendingandtorsion.Here,theenduranceratiois
definedastheendurancelimitforcyclesofreversedfle-xural
stressdividedbythetensilestrength.
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FIG.10-Averagestrengthofcast
tensilebarsforvariousdegrees
shrinkageseverity.

2. Figures10- 15and
SteelCastingsHandbook
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FIG.11-Effectofshrinkageonplate
bendingfatigueofcastsectionsof
normalizedandtempered8630Ni-Cr-Mo
steel.

Tables2 and3 arereproducedfp~mthe
bypermissionoftheSteelFoundersSQciet~.
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TABLE2

TENSIL.EPROPERTIESVS.SEVERITYOFRADIOGRAPHICINDICATION

(For3-inchThickSteelCastingPlates)

0.26%CarbonCastSteel68,500psitensilestrength.

(.Theslopeb is thedeteriorationpergradeofseverityforth
equationY=a-bX,whereY istheproperty,X istheseverityo
theindication,anda istheaveragevalueforradiographi
soundcastings.)

TensileStr.
b 95%

lQOOpSi\Tolerance
Class Limit

h)
- GASPOROSITY -3.28 + 5.2—

INCLUSIONS -0.03 *

LINEARSIiRINKIWE -8.~1 ~ 6.2

‘ DENDRITIC’SHRINKAGE-8.11 + 9.2—
WORMHOLESHRINKAGE -7.60 + 5,4—
HOTTEARS -8:06 + 6.8—
CHILLlNSERTS -2.58 + 5.2—
CHAPLETINSERTS -4.93 : 5.4

YieldStr,
b 95%

1000psi\Toleran
Class Limit

-0.43

-0.03

-1.76

-0.69

-1.43

-1.23

-0.08

-0.61

*

*

+ 2.3—
+ 3.0

+ 2.2

+ 2.0—
*

+ 1.9—
* Nosignificantrelationshipindicated.



Typeof
Specimen

(2T

CastSteel-Sound*
Weld-Machine-Sound
slagInclusions
AsWelded-Sound
Weld-Slag
Weld-Undercut

~ CaVities
HotTears

NT

CastSteel-Sound*
Weld-Machine-Sound
AsWelded-Sound
Weld-Slag
Weld-Undercut
Cavities
SlagInclusions
HotTears

TABLE3

COMPARISONOFENDURANCERATIOS

Endurance
Ratioin
Bending_

0.310
0.251
0.246
0.241
0.234
0.233
0.117
0.274

0.361
0.352
0.345
0.314
0.280
0.235
0.292
0.245

** (t/h) =
EnduranceRatioinTorsion
EnduranceRatioinBending

IN BENDINGANDTORSION

Endurance
Ratioin
Torsion (t..

0.298
0.230
0.230
0.221
0.184
0.195
0.100
0.146

0.270
0.261
0.250
0.234
0.230
0.195
0.208
0.241

0.9
0.9
1.0
0.9
0.7
0.8
0.8
0.5

0.
0.
0.
0.
0.
0.
0.
0.

EnduranceRat
t ‘t’m)= Maxwell-Vo

* End.qranceRatiousingR.R.MooreSpecimen(QTunnotched.390,QTn
NTunnotched.395,NTnotched.252).
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SUMMARYANDCONCLUSIONS

Codebodies,notablyASTM,haveproducedproceduralguides,
standardmethodsandrecommendedpracticeswhichcanbeusedto
assureproperinspectionprocedureforthevariousmethodsof
nondestructivetesting.Theseareapplicabletoheavysteel
castings,forgings,andweldments.Inaddition,ASTMoffers
referenceradiographsandreferencephotographs~whichmaYbe
usedincontractualagreements.Inthespecificcaseofsteel
castings,ASTMdefinesseverallevelsofqualityforultrasonic
inspection.However,thesedocumentsdonotsetforthacceptance
criteriaorofferrecommendationsinthatregard.

Discontinuitiesfoundby nondestructivetestingmust be
evaluatedand theASTMdocumentsdiscussedinthisreportdo
provideguidanceinthisregard.Thisisdonebydescribingthe
parameterswhicharegenerallyagreedtobeofsignificanceand
whichshouldbea partofthecontractualagreement.Itisleft
totheusertoquantifytheseparameters.accordingtoservice
requirementsorotherconsiderations.
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