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ABSTRACT

Toreplacemetalpaddingbyinsulationpaddingforcastingscansavethemeltandreducecleaningworkof
castings．Thedesignofinsulationpaddingwasinvestigated．Theequationofthemodulusextensionfactor
forinsulationpaddingandtheratioofitsthicknessoverthemodulusofacastingwereimprovedtodeterＧ
minethethicknessofinsulationpadding．Theinsulationpaddingwasdesignedforaturbineguidevane
castingweighing３５t．Asoundcastingwasobtainedwith７５０kgsteelsaved．Ontheotherside,thecastＧ
ingobviouslyexpandedattheinterfacewiththeinsulationpadding, whichisperhapsthereasonthatthe
useofinsulationpaddinghasbeensuspendedformanyyears．ToavoidtheexpansionofinsulationpadＧ
ding,ashieldinglayermadeofakindofmaterialofgoodfireresistancewasadoptedtopreventtheinsulaＧ
tionlayerfromtouchingthemelt．TheshieldinglayerservesasacushionofheatandexpansionduringsoＧ
lidificationprocesssoastoresisttheexpansionofcastingsandguaranteethefeedingeffectatthesame
time．Furthermore,insulationpaddingcanbeplacedbyacertainoffsetintothemoldcavitysoastocounＧ
teracttheexpansionofcastings．

１．Introduction
　Intheproductionofcastings, especiallysteel
castings, risersarenecessarytocompensatethe
contractionofthemeltduringsolidification．Inmost
cases,itisrequiredtodesignmetalpaddingforthe
areaconnectingarisertoitscorrespondinghotspot
ofacastingtorealizeasmoothfeedingchannel．To
increasethefeedingeffectofrisersduringcasting
production, insulation materials have been used
since１９４０s．Atthebeginning,theinsulationmateＧ
rialswerejustusedasrisersleevestoprolongthe
solidificationofrisers whichserveasthefeeding
sourceduringsolidification[１Ｇ４] ．ThenexothermicinＧ
sulationmaterialsweredevelopedtofurtherpostＧ
ponethesolidificationtimeofrisers[５Ｇ７] ．In１９８０s,
foundrymenfromUSA, UK,JapanandChinatestＧ
edinsulationmaterialstoreplacemetalpaddingto
directlyenhancethefeedingchannelconnectingwith
risers[７Ｇ１６] ．Thatisbecause metalpaddingcauses
problems．Oneproblemisthattheremovalofmetal

paddingisatoughwork．ThesecondoneisthatdeＧ
fectssometimesappearasthepaddingiscutoff．
ThethirdoneisthatmetalpaddingneedsextraliqＧ
uid metal, whichconsumes moreenergy during
melting．Thus,thereplacementofmetalpaddingby
insulationpaddingdrewfoundrymen′interest．Zhou
etal[９] deducedanequationtodeterminethethickＧ
nessoftheinsulationlayerbasedonthemodulus
correspondingtometalpadding．Zeng[１２]andMaoet
al[１３]studiedtherelationshipofthethicknessofinＧ
sulationpaddingandtheenhancedmodulusoftest
castings．Meanwhile,effortsweredevotedtodevelＧ
opingnewinsulation materialscapabletoreplace
metalpadding[１４,１５,１７,１８] ．Sometookapplicationof
thismethodintorealcastingsandobtainedsound
castings[１９,２０] ．However,therehasbeennomorereＧ
searchsince１９９０s．Andactually,uptodate, metal
paddingisstillpopularlyusedincastingprocess．
Thereasonisnotyetclear．Zhaoetal[１４] mentioned
thatthereisdilationofcastingsattheinterfacein
contactwiththeinsulationpadding．However, no
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moredetailsweregiven．Inthispaper,insulation
paddingwasusedinaturbineguidevanecastingand
theexpansionproblem whichmaybethemainreaＧ
sonofthesuspensionoftheapplicationofinsulation
paddingisaddressed．

２．ImprovementofEＧ(δ/M ) Relationshipfor
InsulationPadding
　Zhouetal[９] deducedthefollowingequationbased
ononeＧdimensionalheattransferdifferentialequation．
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where,Eisthemodulusextensionfactor;δisthe
thicknessofinsulationpadding; M isthemodulus
ofacasting;b１,b２arethethermalcapacityofmolding
sandandinsulationmaterial,respectively;a１isthe
thermaldissipativecoefficientofinsulation materiＧ
al;qisthesolidificationcoefficient;andτistime．
　TheaboveequationcontainsE andδ, butthey
areincludedintheintegral;thus,itishardtodiＧ
rectlygettheirsimplifiedrelationship．Zhouetal[９]

usedtheNewtonＧCotesformulatosimplifytheinteＧ
gral,thenEq(２) wasobtained．
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where,E０isthemaximum modulusextensionfacＧ
tor, E０＝ λ１ρ１c１/λ０ρ０c０ ;λ０,λ１,ρ０,ρ１,c０,c１

arethethermalconductivity, densityandspecific
heatofthesandmoldandinsulationmaterial,reＧ
spectively;andC(N)

k isNewtonＧCotescoefficient．
　ThecurvesplottedbasedonEq(２)forakindof
insulationmaterialisshowninFig１．Itcanbeseen
thatthereisdeviationasthecurveapproachespoint
(０,１)．Itissupposedtopassthroughpoint(０,１)．
Now,bythesoftwareMATLAB,theoriginalfuncＧ
tioncanbetransformedtoEq(３)．
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　ThecurvebasedonEq(３)forakindofinsulaＧ
tionmaterialisplottedinFig１．Itsoriginalposition
isveryclosetopoint(０,１)．ThatmeansthenewequaＧ
tionismoreaccurate．
　TheEＧ(δ/M )curvesfortwodifferentinsulation
materialsareplottedinFig２．TheEＧ(δ/M )curves

Fig１．　ComparisonofEＧ(δ/M)curves．

Fig２．　EＧ(δ/M)curvesfortwodifferentinsulationmaterials．

areactuallythefunctionofthethermalpropertiesof
casting, moldandinsulationmaterial．Thus,thereＧ
lationshipofthethicknessoftheinsulationlayer
andthethermalpropertiesofcasting, moldingsand
andinsulation,castingmodulusandtheextensionmodＧ
uluscanberepresentedbyasimpleformasfollows
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where, Meistheextendedmodulus;andλc,ccare
thethermalconductivityandspecificheatofcasting
material,respectively．
　FromtheEＧ(δ/M ) curvesinFig２,itcanbe
seenthat,asδ/M reachesacertainvalue,E willinＧ
creaseveryslowlyandfinallyreachafixedvalue．
Thus,thereisalimitoftheeffectofinsulationpadＧ
ding,anditsmaximumthicknessisobtainedasthe
EＧ(δ/M )reachesstablestatus．Forexample,itis
２１M fortheinsulation materialB．Beyondthis
thickness,theinsulationeffectcannotbeimproved
byincreasingitsthickness．Therelationshipofthe
extendedmodulusisempiricallyexpressedas,
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where,Cisaconstantinarangeof００８－０１０;
andH istheheightfromahotspottoitscorreＧ
spondingriser．Thus,thecriticalheightofthecastＧ
ingfromahotspottoariseris
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