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CHAPTERXVIIIBLACKSMITHINGEQUIPMENTFORGEFIRES


Whetherafarmercanaffordaforgeandanvilwilldependuponthedistancetoablacksmithshop,theamountofmachineryrepairworkheneedstodoorhavedone,andhisabilityasamechanic.Althoughnoteveryfarmercanprofitablyownblacksmithingequipment,manyfarmerscan.Ifafarmercannot,heshouldrememberthatagreatdealofrepairworkcanbedonewithcoldmetal,ifhehasafewsimpletoolslikeavise,ahacksaw,files,coldchisels,anddrills.


Althoughblacksmithingundermanyconditionsshouldoccupyaminorplaceinafarmshopcourse,nosuchcoursecanbeconsideredcompletewithoutatleastsomeinstructioninthiswork.Blacksmithingisgenerallymoredifficultthanwoodwork.Almostanyhighschoolboywithaveragemechanicalability,however,cansoonlearntodosimpleblacksmithingandfeelwellrepaidforhisefforts,ifhewillsethimselfdiligentlytothetask.Inallmechanicalwork,muchmorerapidandsatisfactoryprogresscanbemadeifthestudentwillcarefullystudythetheoryandprinciplesalongwithhispractice.Thisisparticularlytrueofblacksmithing.


276.TheForge.Theforgeforthefarmshopshouldhaveageardrivenbloweroperatedbyacrank,anditshouldhaveahearthatleast18in.wide,preferablysomewhatlarger.Probablythecheapestwayofprovidingagoodforgeistobuyagoodblowerandtuyere(thatpartinthebottomofthehearththroughwhichtheblastcomes)andmakeahearthandstandofconcrete,brick,orothermasonry.Theforgeshouldbeprovidedwithahoodand


	
pipeconnectionfortakingawaythesmoke.


277.TheAnvil.Anvilsareoftwogeneralgrades:castironandsteel.Steelanvilsaremuchbetterandshouldbeusediftheycanbeafforded,Thetwokindscanbedistinguishedbystrikingwithahammer.Acastanvilhasadeadsoundwhileasteelonehasaclearring.


Anvilsarecommonlyavailableinsizesrangingfrom50to200lb.Ananvilweighing100or125lb.wouldbequitesatisfactoryfortheaveragefarmshop.Apieceofrailroadiron20to30in.long,mountedonasuitableblockorstand,willservefairlywellforlighthammeringandriveting,althoughamuchgreatervarietyofworkcanbedoneonaregularanvil.


UseofDifferentPartsofAnvil.Thehornoftheanvilisusedformakingbendsandshapingcurvedpiecesandtheflatfaceisusedforgeneralhammering.Theflatdepressedsurfacenearthehornisthechippingblock,andhereallcuttingwithcoldchiselsandsimilartoolsshouldbedone,ratherthanonthefaceoftheanvil.Thechippingblockissoftandwillnotdamagethechiselifitcutsthrough.Thefaceishardenedandcuttingintoitwithachiselwoulddamageboththechiselandtheface,whichshouldbekeptsmoothforgoodblacksmithing.


Thebetteranvilshaveacomerofthefacenexttothehornslightlyrounded,sothatsharpbendsmaybemadeinrodsandbarswithoutundulymarringorgallingtheiron.Theroundholeinthefaceoftheanvilisusedforpunchingholes.Itiscalledthepritchelhole,takingitsnamefromthesharppunchusedbysmithsinpunchingnailholesinhorseshoes.Thesquareholeinthefaceiscalledthehardyholeandisusedforholdingthehardyandothertools,suchasswagesandfullers.


	

Fig.244.Theanvilshouldbemountedonasolidblockandatsuchaheightthatthefaceoftheanvilcanjustbereachedwiththeknucklesoftheclenchedfistwhenstandingerect.


MountingtheAnvil.Theanvilshouldbemountedonasolidblock,preferablyofwood.Itshouldbesolocatedinfrontoftheforgethattheworkmancantaketheironsfromthefireandplacethemontheanvilbymakingashortturnandwithoutthenecessityoftakingevenafullstep.Thehornshouldbetotheworkman'sleft(unlessheislefthanded,inwhichcaseitshouldbetohisright).Thefaceoftheanvilshouldbeatsuchaheightthatitcanbetouchedwiththeknucklesoftheclenchedfistwhenstandingerectandswingingthearmstraightdown.


278.Tongs.Atleastoneortwopairsoftongswillbeneeded.Varioustypesareavailable,butthehollowbit,curvedlipbolttongsareprobablythemostuseful.Flatbarsaswellasroundrodsandboltscanbeheldinthem,andthecurvedpartbackofthetipmakesitpossibletoreshapethemeasilytofitdifferentsizesofstock.Bygrinding,filing,orsawingagroovecrosswiseineachofthelips,thetongscanbemadetoholdlinkspracticallyaswellasregularlinktongs(seeFig.245).Tongs18to20in.longareagoodsizeforaveragework.


	

Fig.245.Typesoftongs.(A).Flatjawedhollowbittongs.(B).Hollowbitcurvedliptongs.Thisstyleisverygoodforthefarmshop.Flatbarsaswellasroundrodsandboltscanbeheldinthem.


279.Hammers.Ablacksmith'shandhammerweighing11/2or2lb.andanotherweighing3or31/2lb.willhandleallordinaryworkverysatisfactorily.


280.Hardy,Chisels,Punches.Thereshouldbeahardytofittheholeintheanvil,andthereshouldbeafairassortmentofhandcoldchiselsandpunches.Thechiselsandpunchesmaybemadeintheshop.Ifconsiderableblacksmithingistobedone,itwouldbewelltohaveahotcutterandacoldcutter(simplylargechiselswithhandlesonthem)forheavycuttingwithasledgehammer.Itwouldbewell,alsotohaveoneortwolargepuncheswithhandlesonthemforpunchingholesinhotmetal.Punchesformakingholes3/8in.and1/2in.indiameterareprobablymostuseful.


281.Vise.Onevisecanwellserveforallmetalworkinthefarmshop,includingblacksmithingifitisheavyandstrongenough.Aheavyblacksmith'ssteellegvisewithjaws4to5in.wideisgenerallypreferredasanallpurposeviseinthefarmshop.Alegviseisonethathasonelegextendingdowntobeanchoredorfastenedintothefloor.Suchavisecanbeusedforheavyhammeringandbendingbetterthanothertypes.Ifthereisastrongsteelmachinist'sboxviseintheshop,itcanbeusedforblacksmithingworkifcareisusednottodotooheavyhammeringorbendingwithit.


	

Fig.246.Aheavyblacksmith'ssteellegviseisagoodtypeofviseforthefarmshop.


282.FireTools.Asmallshovelandpokerorrakewillbeneededforuseontheforgefire.Thesecaneasilybemadeintheshop.Aflatpieceofheavysheetironabout3or4in.wideby4or5in.long,rivetedtoabarorrodforahandle,makesagoodshovel.A1/2in.roundrod,withanoblongeyeinoneendtoserveasahandleandtheotherendflattenedandcurved,makesagoodcombinationpokerandrake.

Fig.247.Homemadeforgefiretools.A,shovelB,poker.


283.MeasuringTools.Somekindofmetalrulewillbeneededformeasuringandcheckingpiecesbeingforged.Asmallsteelsquareisverygoodforbothmeasuringlengthsandcheckinganglesandbends.Awoodenruleshouldnotbeusedtomeasurehotiron.Acaliper,oracaliperrule,formeasuringdiameterofrodsandthicknessofparts,althoughnotanecessity,willbefoundveryconvenient.


	

Fig.248.Metalmeasuringtoolsshouldbeusedinblacksmithing.(A).Thesmallsteelsquareisveryusefulforcheckingbendsandanglesaswellasformeasuring.(B).Thecaliperruleisespeciallygoodformeasuringthediameterorthicknessofbolts,rods,andbarsaswellasforgeneralmeasuring.

THEFORGEFIRE


Agoodfireisthefirstrequirementforgoodblacksmithing.Manybeginnersdopoorworksimplybecausetheydonotrecognizetheimportanceofagoodfire.


Agoodforgefirehasthreecharacteristics.Itisclean,thatis,freefromclinkers,cinders,etc.Itisdeep,withabigcenterofliveburningcoke.Anditiscompact,beingwellbankedwithdampenedcoal.


284.FuelfortheForgeFire.Blacksmithingcoalisusedintheforge.Itisahighqualitysoftcoalthatispracticallyfreefromsulphur,phosphorus,andotherobjectionableimpurities.Whendampenedandpackeddownaroundthefire,itreadilycakesandchangestocoke,whichisalightweightmaterialthatburnswithaclean,intenseflame.Ordinarystoveorfurnacecoalwillnotworksatisfactorilyinaforge.


285.BuildingtheFire.Tostartafire,firstcleanthefirebowlwiththehands,pushingallcoalandcokebackonthehearthandthrowingoutallclinkers.Clinkersareheavyandmetallicandhavesharp,hardcornersorprojectionsandarethereforeeasilydistinguishedfromthecoke,whichislightinweightandeasilycrumbled.Finecindersandashesareeasilyshakenthroughthegrateintotheashpit.


Aftercleaningthefirebowl,dumptheashpitbelowthetuyereandthentrytheblowerandmakesureagoodstrongblastcomesthrough.Sometimesashesworkbackintotheblowerpipeandobstructtheblast.


	

Fig.249.Theforgefireshouldbecleanedbypushingtheshovelalongthebottomofthehearthtothecenterofthefire,asatA,andthenliftingitstraightup,asatB.Theclinkerandashes,ifany,willbeexposedandcanbeeasilyremoved.


Nextlightasmallhandfulofshavingsorkindlingfromthebottomanddropontothetuyere.Givethebloweragentleturnandrakefuel,preferablycokeleftfromthepreviousfire,ontotheburningkindling.Oncethefireisburningwell,rakemorecokeontoit,andbankthefireonbothsidesandonthebackwithdampenedcoal.Thisformsamoundwithburningcokeatthecenter,andtheheatisconcentratedinthecenterbythedampenedcoalontheoutside.Inalittlewhilethisdampenedcoal,sometimescalledgreencoal,hasgasesdrivenoffanditchangestocoke.


286.MaintainingtheFire.Whenthecokeatthecenterofthefireburnsup,additionalcokefromthehearthortheundersideofthemoundisforcedintothecenter,andfromtimetotimegreencoalisaddedtotheouterpartsofthemoundtokeepthefirewellbanked.DoDotcontinuallypokeatthefiresimplykeepthecenterwellsuppliedwithcokeandtheoutsidepackeddownwithdampenedcoal.


	

Ifthefiretendstospreadtoomuchorbecomesopenandloose,throworsprinklewaterontheedgesandpackitdownwiththeshovel.Onlyagentleblastofairshouldbeused.Excessiveairmakesanoxidizingfireandcausestheirontoscalebadly.


287.CleaningtheFire.Fromtimetotimeusuallyeveryhalfhourwhenweldingtheclinkersandcindersthataccumulateoverthetuyereshouldberemoved.Thiscanbedonebypassingtheshovelalongthebottomofthehearthtothecenterofthefireandthenraisingitstraightupthroughthefire.Theclinkerscanthenbeeasilyseenandremoved.Mostofthemwillstayontheshovel.Theburningcokeisthenrakedbackintothecenterandtheoutsidepackeddown,usinggreencoalontheouteredgesifneeded.


Fig.250.Inheatingironsintheforge,theyshouldbeplacedlevelneverpointeddown.Thereshouldbeburningcokebelowthem,ontopofthem,andonallsidesofthem.


288.HeatingtheIrons.Toheatironsinaforge,theyshouldbeplacedinthefireinahorizontalposition,notpointingdown.Thereshouldbeburningcokebelowtheirons,onbothsidesofthem,andontopofthem.Ironsheatedinadeep,compactfireheatmuchmorerapidlyandoxidizeorscaleofflessthanwhenheatedinashallow,burnedoutfire.Somescalewillforminspiteofagoodfire,butitshouldbekepttoaminimum.Agoodblacksmithkeepsthescalebrushedfromthefaceoftheanvilwithhishands.


Smallthinpartsheatmuchmorerapidlythanheavierandthickerparts.Topreventburningthethinnerparts,theymaybepushedonthroughthefiretoacoolerplace,orthepositionoftheironsotherwisechangedtomakeallpartsheatuniformly.Mildsteelshouldbeheatedtoagood,brightredheatforforging.Itshouldnotbeallowedtogetwhitehotandsparkle,asitisthenburning.


289.FittingTongsHoldingtheWork.Iftongscannotbefoundtofitthework,apairshouldbereshapedbyheatingandhammeringthejawsoverthepiecetobeheld.Poorlyfittingtongsareasourceofcontinualtroubleandshouldnotbeused.


	

Fig.251.Bycarefulplanning,manyblacksmithingjobscanbedonealmost,ifnotaltogether,withouttheuseoftongs.


SomeWorkDonewithoutTongs.Aconsiderableamountofworkcanbedonewithouttongs.Aneyebolt,forinstance,canbemadeontheendofarod20or30in.longandthencutoffwhenfinished.

Questions


276.(a)Whatisthecheapestwayofprovidingagoodforgeforthefarmshop?(b)Whatkindofblowerwouldyourecommend?(c)Howlargeahearthshouldthefarmforgehave?


277.(a)Whatdifferentkindsofanvilsareavailable?(b)Whatkindisbest,andhowmaythedifferentkindsbereadilydistinguished?(c)Whatsizeofanvilisbestforthefarmshop?(d)Canapieceofrailroadironorrailbeusedsatisfactorilyinthefarmshop?(e)Whatisthechippingblockandwhatisitfor?(f)Whyisonecorneroftheanvilfacerounded?(g)Whatisthepurposeoftheholesintheface?(h)Inwhatpositionshouldtheanvilbemountedwithrespecttotheforge?(i)Howhighshoulditbemounted?


278.(a)Whatkindorkindsoftongswouldyourecommendforthefarmshop?(b)Whatsize?

279.Whatsizesofhandhammerswouldyourecommendforblacksmithing?


280.Whatothertools,likehardies,chisels,andpunches,wouldbeneeded?

281.Whatkindandtypeofviseisbestforblacksmithing?


282.(a)Whatfiretoolswillbeneeded?(b)Whatmaterialswouldbeneededtomaketheseintheshop?I


283.(a)Whatmeasuringtoolswouldyourecommendforblacksmithing?(b)Inwhatrespectsisasmallsteelsquarebetterthanarule?(c)Whyarewoodenrulesnotsatisfactory?


284.(a)Whatarethecharacteristicsofagoodforgefire?(b)Whatkindoffuelisusedintheforge?(c)Whatareitscharacteristicsorproperties?


285.(a)Justhowwouldyougoaboutbuildingafireinaforge?(b)Whyshouldthefirebe


	
wellbankedwithgreencoal?


286.(a)Whatattentionshouldthefirehavetokeepitingoodcondition?(b)Howmayitbekeptfromspreadingorbecomingopenandloose?


287.(a)Howoftenshouldthefirebecleaned?(b)Justhowisthefirecleaned?


288.(a)Justhowshouldtheironsbeplacedinthefire?Why?(b)Howmaylightorthinpartsbekeptfromoverheating?(c)Howhotshouldironsbeheatedforforging?


289.(a)Howmaytongsbereshapedtofitthework?(b)Underwhatconditionsmayworkbedonewithouttongs?
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CHAPTERXIXFUNDAMENTALFORGINGOPERATIONS


Forgingmaybedefinedaschangingtheshapeofapieceofmetalbyheatingandhammering.Allthevariousoperationsthatablacksmithperformsinforgingironmaybeclassifiedintoasurprisinglysmallnumberoffundamentalorbasicprocesses.Oncethesearemastered,thebeginneriswellonhiswaytosuccess,andhecandopracticallyanyordinarypieceofforgework.Thesefundamentaloperationsare(1)bendingandstraightening(2)drawing,ormakingapiecelongerandthinner(3)upsetting,theoppositeofdrawing,ormakingapieceshorterandthicker(4)twistingand(5)punching.Otheroperationscommonlydonebyablacksmith,butwhicharenotstrictlyforging,arewelding,tempering,drilling,threading,filing,etc.

290.BendingandStraightening.Inbendingattheanvil,twothingsare


	
mostimportant:


1.Heattheirontoagoodbrightredheat,almostbutnotquitewhitehot,throughoutthesectiontobebent.

2.Usebendingorleverageblowsnotmashingblows.


Theironshouldbesoplacedontheanvilandsostruckthatitcanbenddownunderthehammerblowwithoutbeingforcedagainsttheanvilandmashed.Iftheironisstruckataplacewhereitisrestingfirmlyontheanvil,itwillbemashedinsteadofbent.Afewmoderatelysharpblowsarebetterthanseverallighterblows.


Abruptsquarebendscanbemadeoverthefaceoftheanvilnearthechippingblockwherethecorneroftheanvilisroundedtopreventmarringorgallingtheiron.


Careshouldbetakentokeeptheironattheproperbendingheat.Ifitgetsbelowaredheat,itshouldbeputbackinthefireandheatedagain.Tobendapieceatacertainpoint,withoutbendingtheadjacentsection,thepiecemaybeheatedtoahighredheatandthenquicklycooleduptothepointofbendingbydippinginwater.Bendingisthendonequicklybyhammering,orothersuitablemethods.


Bendingmaybeaccomplishedinseveralwaysbesideshammeringovertheanvil.Theironmaybeheatedandthenputinthepritchelorhardyholeandbentbypullingoritmaybeclampedinaviseandbent.


Straighteningcanusuallybestbedoneonthefaceoftheanvil.Thestockshouldalwaysbefirmlyheldandthenstruckwiththehammeratpointswhereitdoesnottouchtheface.Sightingisthebestwaytotestforstraightnessandtolocatethehighpointsthatneedstriking.


	

Fig.252.Tomakeauniformbendintheendofarod,strikethePartthatprojectsbeyondthehornandkeepfeedingtherodforwardwiththetongsasthebendingprogresses.Keeptheironatagoodworkingheatanddonotstriketherodwhereitrestsonthehorn.


BendingFlatBarsEdgeways.Aflatbarcanusuallybeeasilybentedgewaysbyheatingandplacingoverthehornandbendingthetwoendsdownslowly,usingthehandsifthepieceislongenough,ortwopairsoftongsinthecaseofshortpieces(seeFig.253).Sometimesthebendingcanbedoneeasilybyputtingoneendofthepieceinthehardyholeandpullingontheotherend(seeFig.254).Ifthestockstartstobuckle,itshouldbelaidflatontheanvilandstraightened.Hammeringtheoutsideedgeoftheironwhenlaidflatwilltendtostretchitandthereforehelpwiththebeading.Oncethebendiswellstarted,hammeringthepieceonedgearoundthehornisnotsodifficult.Thestockshouldalwaysbefirmlyheld,eitherbyhandsorwithtongs,andthepartstobebentshouldbeatahighredheat.Placesnottobebentshouldbecomparativelycold.


	

Fig.253.Flatironmaybebentedgewisebyheatingtonearlyawhiteheatandbendingslowlywithtongs.Thismethodisgoodinmakingflatchainhooks.


Fig.254.Bendingofheavypiecescansometimesbebestaccomplishedinthehardyhole.


291.BendingandForminganEye.Oneofthemostcommonbendingjobsintheblacksmithshopisthatofforminganeyeontheendofarod.Thefollowingisagoodmethodofmakingsuchaneye:


1.Heattherodtoagoodredheatbackforadistanceofabout5to8in.,dependingonthesizeoftheeye.


	

2.Quicklyplacetherodacrossthefaceoftheanvilwithjustenoughoftheheatedendprojectingbeyondtheedgeoftheanviltoformtheeye.Forexactworkthelengthofhotironthatistoprojectovermaybequicklymeasuredwithametalrule.Theironshouldbeplacedacrosstheanvilwellupnearthehornwheretheedgeisrounded.


3.Bendtheenddown,formingasquarebend,withafewwelldirectedblows.Workrapidlybeforetheironcools.


4.Heattheendofthestockandstartbendingthe.tipendaroundthehorn.Workfromthetipbacktowardthestem.Keeptheironhotthroughoutthepartbeingbentotherwisethebendingwillbeslowanddifficult,andtheironwillnotbendatjusttheplacesdesired.Ifthesquarebendatthejunctureofthestemandeyetendstostraightenout,itisanindicationthattheendofthestockisnotbeingkepthotenoughwhilebeingbent.


5.Roundtheeyebydrivingitbackoverthepointofthehorn,notingcarefullywhereitdoesnotrestagainstthehornandstrikingdownlightlyintheseplaces.Keeptheironwellheated.


6.Centertheeyeonthestem,ifnecessary,byplacingthestemflatontheanvilfacewiththeeyeprojectingovertheedge,andstrikingthe.eye.Thestockshouldbewellheatedatthejunctureofthestemandeye,buttheeyeitselfshouldbepracticallycold.Suchaconditioncanbeproducedbyheatingthewholeeyeandthenquicklycoolingmostoftheroundedpartbydippinginwater.


292.Drawing.Drawingistheprocessofmakingapiecelongerandthinner.Twoimportantpointsshouldbekeptinmindwhiledrawing:

1.Theironmustbekeptatagoodforgingheat,ahighredornearlywhite.

2.Heavy,straightdown,squareblowsshouldbestruck.


Manybeginnersmakethemistakeofstrikingacombinationdownandforwardpushingblow,thinkingthatthepushinghelpstostretchthemetal.


	
Fig.255.Stepsinmakinganeye.


A.Placeawellheatedironacrosstheanvilwith.enoughstockprojectingovertoformtheeye.Wheretheeyemustbemadeaccuratelytosize,useametalruleorsquareformeasuring.Workrapidly.I

B.Bendtheprojectingportiondown,formingarightangle.


C.Finishtherightanglebendbystrikingalternatelyontopandontheside,keepingtheironatagoodworkingheatallthewhile.


D.Startbendingthetipendaroundthehorn,beingcarefultostrike"overhanging"orbendingblows.


	
Fig.255a.Stepsinmakinganeye(continued).

E.Graduallyworkbackfromtheendtothesquarebend.


F.Turntheeyeoverandcloseitup.Exertconsiderablebackpullonthetongstokeeptheupperpartoftheeyeupoffthehorn.Inthispositionthehammercanstrikebendingblowsinsteadofflatteningormashingblows.


G.Roundtheeyebydrivingitbackoverthepointofthehorn.Carefullynotewheretheeyedoesnottouchthehorn,andstrikedownlightlyintheseplaces.


H.Tostraightenthestemofaneye,placeitacrossthecorneroftheanvilfaceandstrikethehighpointswhiletheironisatagoodworkingheat.


Drawingcanbedonemorerapidlyoverthehornthanonthefaceoftheanvil,astheroundhornwedgesupintothemetalandlengthensit,andthereislesstendencyforittostretchinalldirections.Ifapiecetendstogettoowideitmaybeplacedonedgeandhammered.


Hammeringaftertheredheatleavesishardworkandaccomplisheslittle.Also,theironisapttosplitorcrackifhammeredtoocold.


DrawingRoundRods.Tomakearoundrodsmaller,thefollowingstepsshouldbecarefullyfollowed.

1.Makeitfoursided,orsquareincrosssection.

2.Drawittoapproximatelythedesiredsizewhileitissquare.


	

3.Makeitdistinctlyeightsidedbyhammeringonthecornersafteritisdrawnsufficiently.


4.Makeitroundagainbyrollingitslowlyontheanvilandhammeringrapidlywithlightblowsortaps.


Anattempttodrawroundrodswithoutfirstgoingtothesquaresectionnotonlyrequiresalotofextraworkbutusuallyresultsinabadlydistortedandmisshapedpiece.


PointingaRod.Ifaroundpointisdesiredonarod,asquaretaperedpointshouldfirstbemade.Itistheneasytomakeiteightsidedandfinallyround.


Fig.256.Inpointingaroddorbar,raisethebackend,tiltthetoeofthehammerdown,andworkonthefaredgeoftheanvil.Roundpointsshouldbemadesquarefirst,theneightsided,andfinallyround.


Inmakingapointtherodshouldnotbeheldflatontheanvil,butthebackendshouldberaisedsomewhat.Also,thehammeringshouldbedonewiththetoeofthehammerlowerthantheheel,sothatthedesiredangleforthepointisformedbetweenthehammerfaceandtheanvil.Thehammeringshouldbedoneonthefaredgeoftheanvil,sothatthetoeofthehammerwillnotleavemarksintheanvilface.


Fig.257.Rollingapunchorpointedroundrodonaflatsurfaceandwatchingthepointwilltellwhetheritisstraightandthepointiscentered.Ifthepoint


	
wobbles,itisoffcenter.


293.Upsetting.Upsettingissimplythereverseofdrawing,ortheprocessofmakingapieceshorterandthicker.Itisdonewhenmoremetalisneededtogiveextrastrength,aswhenaholeistobepunchedforaneye.Therearetwomainpointstobeobservedinupsetting:


1.Heatthebarorrodtoahighredornearlywhiteheatthroughoutthesectiontobeupset.

2.Strikeextremelyheavywelldirectedblows.


Lightblowssimplyflattenandburrtheendinsteadofupsettingthepiecethroughouttheheatedsection.TheextraheavyblowsneededforupsettingcanbestbestruckbyfirststrikingAlightblowortwotogetthedirectionofstrikingandthenfollowingwithanextrahardblow.


Fig.258.Toinsuresuccessinupsetting,worktheironjustunderawhiteheatandstriketremendouslyheavyblows.Lightblowssimplyflaretheendwithoutupsettingveryfarbackfromtheend.


Probablythebestwaytoupsetashortpieceistoplacethehotenddownontheanvilandstrikethecoldend.Thehotend,ofcourse,maybeup,butitisusuallyeasiertoupsetwithoutbendingifthehotendisdown.Ifthebarstartstobenditshouldbestraightenedatonce.Furtherhammeringwillsimplybenditmoreinsteadofupsettingit.


Inordertoheatthoroughlytheparttobeupset,andyetconfinetheheattothispart,itissometimesbettertoheattheworksomewhatfurtherthantheupsettingistogoandthencoolitquicklybacktothelineofupsettingbydippinginthewater.


Theendofalongbarmaybeupsetbylayingitontheanvilfacewiththehotendprojectingbeyondtheedge,andstrikingheavyblowsendwayswiththe


	

hammer.Ifthebarislongandheavyenough,itmaybeupseteasilybyrammingthehotendagainstthefaceorthesideoftheanvil.


Fig.259.Whenitisdesiredtoheatonlyasmallportionofaniron,asinupsettingonlytheendofapiece,itissometimesnecessarytoheatalargerportion,andthencoolbacktothedesiredpointbydippinginwater.


294.Twisting.Twistingisreallyaformofbending.Smallpiecesmaybetwistedbyheatingthesectiontobetwistedtoauniformredheat,clampingapairoftongsateachendofthesectionandapplyingaturningortwistingforce.Ifthepieceistoolargetobetwistedthisway(saymorethanabout1/4in.thickby1in.wide),itmaybeclampedinaviseandtwistedwithapairoftongsoramonkeywrench,thejawsoftheviseandthewrenchbeingcarefullyplacedattheendsofthesectiontobetwisted.Itisimportantthattheworkbedonerapidlybeforetheironcoolstoomuch.Forauniformtwist,theironmustbeatauniformtemperature.


Ifthetwistmustbeconfinedtoaverydefinitesectionofthestock,itisagoodplantoplacecenterpunchmarksattheendsofthesectionbeforetheironisheated.


Caremustbeexercisedintwistingsoasnottogetthepieceoutof,alignment.Ifitbecomesnecessarytostraightenthebaraftertwisting,itmaybedonebystrikingwithawoodenmallet,ratherthanahammer,inordertopreventmarringthesharpcornersofthetwistedpart.


	

Fig.260.Heavybarsmaybetwistedbyheatingtoagoodworkingheat,clampinginavise,andtwistingwithawrenchorpairoftongs.


295.PunchingHoles.Itissometimeseasiertopunchaholeinapieceofironthantodrillitandforsomepurposesapunchedholeisbetter.Forinstance,informinganeyeontheendofabarinmakingahookoraclevis,punchingmakesastrongereye.Asmallormedium.sizeholeisfirstpunchedandthenexpandedbydrivingthetaperedpunchonfurtherthroughthehole,firstfromonesideandthentheother.Thuslessmaterialiswastedthaniftheholeweredrilled,andastrongereyeresults.

Thestepsinpunchingaholeinhotironareasfollows:


1.Heattheirontoagoodworkingtemperature,ahighredornearlywhiteheat.


2.Placethehotironquicklyontheflatfaceoftheanvilnotoverthepritchelholeorhardyhole.Punchingoveraholewouldstretchandbulgetheiron.


3.Carefullyplacethepunchwheretheholeistobeanddriveitstraightdownintothe,metalwithheavyblowsuntilitisabouttwothirdsofthewaythrough.


4.Turntheironoveranddrivethepunchbackthroughfromtheotherside.Reheattheironandcoolthepunchifneeded.Thepunchshouldbecarefullylocatedsoastolineupwiththeholepunchedontheotherside.

5.Justasthepunchisabouttogothrough,movethepieceover


	

thepritchelholeorhardyholetoallowthesmallpelletorslugtobepunchedout.


6.Enlargetheholetothedesiredsizebydrivingthepunchthroughtheholefirstfromonesideandthentheother.Alwayskeepthemetalatagoodworkingtemperature,reheatingasmaybenecessary.

Fig.261Inpunchingholesinhotiron,workitjustunderawhiteheat.


A.Carefullylocatethepunchanddriveitabouttwothirdsofthewaythrough.

B.Thenturntheironoveranddriveitbackthroughfromtheotherside.


C.Finallymovethepieceoverthepritchelholeorhardyholetoallowtheslugorpellettobedriventhrough.


Theendofthepunchshouldbedippedinwaterfrequentlytokeepitfromgettingtoohot.Alittlepowdereddrycoaldroppedintotheholewillhelptokeepthepunchfromsticking.


	

Fig.262.Inpunchinghotiron,thepunchshouldbecooledfrequentlybydippingintowater.


Mostbeginnershavedifficultyinplacingthepunchsoastogettheholecenteredinabar.If,inplacingthepunch,itisfoundtobeoffcenter,itmaybeleanedandtwistedslightlyuntilitisinthecorrectposition.Inpunchinghotiron,itismuchbettertouseapunchwithahandleinit,asitisuncomfortabletoholdashortpunchonaredhotbar.


296.FormingPunchedEyes.Usually,althoughnotalways,whenaholeistobepunchedforaneye,asinachainhookoraclevis,itisbesttoupsetthestockfirstsoastogivemoremetalandmakeastrongereye.


Afterupsetting,theendisshapedandthecornersareroundedbeforepunching.Thiscanbestbedonebyforminganeckorshoulderjustbackoftheeyebyhammeringoverthefaredgeoftheanvil,asshowninFig.263A.TheendisthenfurthershapedandthecornersroundedbyworkingovertheanvilassuggestedinthevariousotherviewsofFig.263.Havingtheendthusshaped,theholemaybepunchedintheusualfashion.


Inaclevis,theholesarepunchedwithstraightsidestofittheclevispin.Forholesinchainhooks,however,itisdesirabletohavetheedgesandcornersrounded.Thiscanbedonebyplacingtheeyeatanangleontheendofthehornandmakingthestockapproximatelyeightsidedandthenfinallyroundbyrollingslowlywhilestrikinglight,rapidblows(seeFig.264).


	

Fig.263.Formingashoulderorneck,preparatorytopunchingaholeforaneye.Theironisfirstdrivendownagainstacorneroftheanvil,asshownat(A).Theendofthepieceisthenshapedandroundedbyworkingoverthecornersandthehornoftheanvil,assuggestedinthevariousotherviews.


Fig.264.Smoothingboththeinsideandtheoutsideedgesofapunchedeye.Theeyeisplacedonthehornatanangleandthestockmadeapproximatelyeightsided.Itisthenroundedbyrollingitslowlyonthehornandstrikingfastlightblows.


	

297.CuttingwiththeHardy.Theblacksmithdoesmostofhiscuttingofironandsteelonthehardyratherthanwithahacksaw.Althoughthehardydoesnotleavequitesosmoothacutasasaw,itisquitesatisfactoryformostwork.Itcutsfasterandeasierthanasawandislessexpensivetouse,astherearenobladestowearoutorbreak.


Fig.265.Ironmaybecuteithererhotorcoldonthehardy.Coldironmaybenickeddeeplyontwoorthreesidesandbrokenbybending.Incuttinghotiron,cutallthewaythroughfromoneside,beingcarefultostrikeoverhangingblowsatthelasttopreventthehammerfromstrikingthecuttingedge.


Touseahardy,therodorbartobecutissimplyplacedonitandhammereddownagainstthesharpedge.Hardiesmaybeusedforeitherhotorcoldcutting.Somesmithsprefertokeeptwohardies,onethatisthickandstockyandtemperedforcuttingcoldironandonethatisthinfor,cuttinghotiron.Thehardy,likeanyotherCuttingtool,worksmuchbetterifkeptsharp.Itmaybegroundlikeacoldchisel.


Incuttingcoldiron,thebarmaybedeeplynickedontwoormoresidesandthenbrokenoffbybending.Incuttinghotiron,itiscommonpracticetocutclearthroughfromoneside.Caremustbetaken,ofcourse,nottoletthehammerstrikethecuttingedgeofthehardy,orelseboththehammerandthehardymaybedamaged.Infinishingacut,thelasttwoorthreeblowsshouldbestruckjustbeyondthecuttingedgeandnotdirectlyoverit.


CuttingToolSteel.Noattemptshouldbemadetocuttoolsteelinthehardenedstate.Itshouldalwaysbeannealedorsoftened.Tocutitonthehardy,itshouldbecuthotnotcoldandhandledjustlikeotherironorsteel.


Whereitisimportanttohaveasmoothcut,abaroftoolsteelmaybesawedaboutaquarterofthewaythroughandthenbrokenbyclampinginaviseatthesawinglineandhammering(seeArt.212,page146).


298.EstimatingAmountofStockRequired.Toestimatetheamountofstockrequiredforbendsandcurves,estimatethelengthofthecenterline.For


	

example,supposeitisdesiredtoknowhowmuchwillbeneededformakingaringof1/2inchroundstockandof3in.insidediameter.Thelengthneededwillbethelengthofthemidline,halfwaybetweentheinsideandtheoutsideedges.Itslengthisequaltothemiddiameter,31/2in.times3.1416,or11in.


Todeterminethelengthrequiredforpiecesofirregularshape,smallwirecanbebentintothedesiredshapeandthenstraightenedoutandmeasured.


299.StrikingwiththeHammer.Successinblacksmithingdependslargelyuponabilitytostrikeeffectivelywiththehammer.Mostblacksmithingrequiresheavy,welldirectedblows.Wherelightblowsarebetter,however,theyshouldbeused.


Lightblowsarestruckmostlywithmotionfromthewristwhileheavierblowsrequirebothwristandelbowactionandveryheavyblowsrequireactionfromtheshoulderinadditiontowristandelbowmotion.


Todirecthammerblowsaccurately,strikeoneortwo.lighttapsfirst,togettheproperdirectionandfeelofthehammer,andthenfollowwithquick,sharpblowsofappropriateforceorstrength.Itisalsoimportanttouseahammerofappropriatesize.Aheavyhammeronlightworkisawkward,andblowscannotbeaccuratelyplaced.Andusingalighthammeronheavyworkisveryslowandtedious.


300.Blacking.Afterforgingapieceofironitisagoodplantoblackitbyheatingitslightlyandrubbingwithanoilyrag.Theironshouldnotbered,yetitshouldbehotenoughtoburntheoiloffandpreventagreasyappearance.Blackingthepiecegivesabetterappearanceandprovidessomeprotectionagainstrusting.Temperedtools,ofcourse,shouldnotbeblackedinthismanner,asheatingwilldrawthetemper.


	
Fig.266.Strikingwiththehammer.

A.Lightblowsarestrucklargelywithwristmotion.

B.Moderateblowsrequirebothelbowandwristaction.


C.Heavyblowsrequireshoulderactionaswellaswristandelbowmotion.


Fig.267.AnironmaybeblackedbyheatingitslightlyandrubbingIingitwithanoilyrag.Theironshouldbejusthotenoughtomaketheragsmoke.Blackingimprovestheappearanceandaffordssomeprotectionagainstrusting.


	
PointsonBlacksmithing


1.Aclean,deep,compactfireisthefirstrequirementforgoodblacksmithing.


2.Puttheironsinthefireinahorizontalpositionneverpointthemdownintothefire.


3.Usetongsthatfitthework.Iftheydonotfit,heatthemandreshapethejawsoverthepiecetobeheld.


4.Alwaysworktheironsatagoodforgingheatabrightredornearlywhiteheatformildsteel.


5.Neverallowtheironstogethotenoughtosparkle,exceptinwelding,andeventhenverylittle.

6.Inbending,usebendingorleverageblowsnotmashingblows.


7.Indrawing,strikesquare,directblowsstraightdownnotforwardpushing,orglancingblows.


8.Indrawingroundrods,alwaysmakethemsquarefirstanddothedrawingwhilesquare.Whendrawnsufficiently,makethemeightsidedandfinallyround.


9.Tosmoothuparoundrod,rollitslowlyontheanvilwhilestrikingaseriesoflight,quickblows.


10.Inpointingrods,workonthefaredgeoftheanvil.Raisethebackendoftherodandstrikewiththetoeofthehammertilteddown.

11.Inupsettinguseahighheat,andstrikeextraheavyblows.


12.Tomakeagoodtwist,havethesectiontobetwistedatauniformtemperature.


13.Topunchaholeinahotiron,startinontheflatfaceoftheanvil.Thenturnitoveranddrivethepunchbackfromtheotherside.Movetheironoveraholeintheanvilfaceforfinallydrivingoutthepellet.


14.Incuttingonthehardy,becarefulnottoletthehammerstrikethecuttingedge.


15.Usethechippingblockforcuttingwiththecoldchiselnottheflatfaceoftheanvil.


16.Toestimatetheamountofstockrequiredforcurvedpiecesestimatethelengthofthemidline.


17.Strikelighthammerblowswithwristmotiononlymediumblows'withmotionfromboththewristandtheelbowandheavyblowswithmotionfrom


	
theshoulder,wrist,andelbow.


18.Blackingaforginggivesitabetterappearanceandprovidessomeprotectionagainstrust.Toblack,simplyrubthepiecewithanoilyragwhenitisjusthotenoughtomaketheragsmoke.

Questions


290.(a)Whatarethemainfundamentalforgingoperations?(b)Whyisitimportanttomasterthemthoroughly?(c)Whatarethemainimportantpointstoobserveinbendingironattheanvil?(d)Howmayironsbebentwithoutmashingthem?(e)Howmaysquarebendsbemadewithoutmarringorgallingtheiron?(f)Howmayironsbestraightened?(g)Whatprocedurewouldyouuseforbendingflatironsedgeways?


291.(a)Explainandbeabletodemonstratetheprocedureformakinganeyeontheendofarod.(b)Ifaneyeissomewhatovalinshape,howmayitbestberounded?(c)Whyisitimportanttokeeptheironatahighforgingheat?


292.(a)Whatisdrawing?(b)Whatarethemainimportantpointstobeobservedindrawing?(c)When,ifever,shouldforwardpushingblowsbeusedindrawing?(d)Whatdifficultiesmayarisefromhammeringtheirontoocold?(e)Whatarethestepsintheprocessofdrawingroundrods?(f)Inmakingataperedpoint,whyshouldtheironnotbelaidflatontheanvil?(g)Whyshouldthehammeringbedoneonthefar.edgeoftheanvilface?(h)Whyshouldthetoeofthehammerbelowerthantheheel?


293.(a)Whatisupsettingandforwhatpurposesisitdone?(b)Whyshouldveryheavyblowsbeusedinupsetting?(c)Howmayaveryhighheatbeusedandyetconfinedtoonlytheportiontobeupset?(d)Whatspecialwaysmaybeusedforupsettingtheendofalongheavybar?


294.(a)Howmayatwistbeneatlymadeinabarandconfinedtoadefinitepartofthebar?(b)Whyisauniformheatespeciallydesirablefortwisting?(c)Whyisitimportanttoworkrapidlyintwisting?


295.(a)Whatadvantageistheretobegainedbypunchingaholeratherthandrillingit?(b)Justwhatprocedureshouldbeusedinpunchingahole?(c)Whyshouldtheholebestartedontheflatfaceoftheanvilratherthanoverthepritchelholeorhardyhole?(d)Howmaythepunchbekeptfromstickinginthehole?(e)Howmayapunchbemaneuveredtogetitlocatedexactlyinthedesiredpositionforpunching?


296.(a)Justhowcanaheadorshoulderbeformedontheendofabarpreparatorytomakingapunchedeye?(b)Howmaytheeyeforachainhookhavethecornersandedgesroundedaftertheholeispunched?


297.(a)Whatadvantagesdoescuttingwithahardyhaveoverhacksawing?(b)Whatpointsshouldbeobservedincuttingwithahardy?(c)Cantoolsteelbecutonahardy?Ifso,justhow?


	

298.(a)Howmaytheamountofstockrequiredforaringbecloselyestimated?(b)Howmaytheamountofstockrequiredforirregularbendsandcurvesbeestimated?


299.(a)Explainandbeabletodemonstratejusthowtoholdthehammerandstrikelightblowsalsomediumblowsandheavyblows.(b)Whatdifficultiesmayarisefromusingahammerthatistooheavyortoolightfortheworkathand?


300.(a)Howmayironsbeblackedafterforging?(b)Howhotshouldtheybeforblacking?(c)Whatarethepurposesofblacking?(d)Maytemperedtoolsbeblackenedinthesame,mannerasordinarymildsteel?
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CHAPTERXXFORGINGANDTEMPERINGTOOLSTEEL


Oneofthemainadvantagesofhavingaforgeinthefarmshopistobeabletoredressandmakeandtempertoolslikecoldchisels,punches,screwdrivers,picks,wreckingbars,etc.Toolsteelformakingcoldchiselsandpunchesandsimilartoolsmaybeboughtfromablacksmithororderedthroughahardwarestoreoritmaybesecuredfrompartsofoldmachines,suchashayraketeeth,pitchforktines,axlesanddriveshaftsfromoldautomobiles.


301.NatureofToolSteel.Toolsteelcontainsmorecarbonthanmildsteel,anditis


	

granular,whilemildsteelisfibrousorstringy(seeArt.328,page242).Thesmallerthesizeofthegrainsorparticlesintoolsteel,thetougherandstrongeritis.Whentoolsteelisheatedaboveacertaintemperature,calledthecriticaltemperature,thegrainsizeincreases.(Thecriticaltemperatureisusuallybetween1300and1600F.,dependinguponthecarboncontent,andforpracticalpurposesisindicatedbyadarkredcolor.)Ifthesteelisheatedonlyslightlyabovethecriticaltemperature,thefinegrainsizemayberestoredbyallowingittocoolslowlyandthenreheatingittojustthecriticaltemperature.Ifthesteelisheatedtoawhiteheat,however,thegrainsizewillbepermanentlyenlargedandthesteeldamagedorpossiblyruined.Iftoolsteelishammeredwithheavyblowswhileitisjustabovethecriticaltemperature,thegrainsizewillbemadesmaller,andthesteeltherebyrefinedandimproved.Itisevident,therefore,thatapieceofsteelmaybeimprovedordamagedorevenruined,dependinguponhowitisheatedandforged.


302.HeatingToolSteel.Toolsteelshouldbeheatedslowlyandevenlyinagood,clean,deep,cokefire.Unevenheating,whichisusuallycausedbyheatinginpoorshallowfireorbytoorapidheating,resultsinunequalexpansion,whichinturnmaycauseinternalcracksandflaws.


Toolsteelshouldnotbeheatedaboveabrightredorloworangeheat,andtothistemperatureonlyforheavyhammering.Heatinghigherislikelytoruinthegrainstructure.Incaseapieceofsteelisaccidentallyheatedalittletoohot,thegrainsizemayberestoredby(1)allowingittocoolslowlyandthenreheating,beingcarefulnottooverheatitagain,or(2)byheavyhammeringatabrightredorloworangeheat.Thedamagedonebyoverheatingwilldependuponthetemperaturetowhichitwasheated,howcarefullyitissubsequentlyheatedandhandled.


303.ForgingToolSteel.Sincethemakingofasatisfactorytooldependssolargelyupontheproperheatingandhandlingofthesteel,thefollowingpointsshouldbekeptinmindwhenforgingwithit.


1.Toolsteelhasamuchnarrowerrangeofforgingtemperaturesthanmildsteel.Hammeringbelowaredheatmaycausecrackingorsplitting,whiletemperaturesaboveabrightredordarkorangemaydamagethegrainstructure.


2.Toolsteelshouldalwaysbeuniformlyheatedthroughoutbeforeitishammered.Otherwisetheoutsideparts,whicharehotter,maystretchawayfromtheinsideparts,whicharecolder,andthuscauseinternalflaws.


3.Verylighthammeringshouldbeavoided,evenwhenthesteeliswellheated,becausethismaylikewisedrawtheoutersurfacewithoutaffectingtheinnerparts.


4.Asmuchoftheforgingaspossibleshouldbedonebyheavyhammeringatabrightredordarkorangeheatslightlyabovethecriticaltemperatureasthiswillmakethegrainsizesmallerandthusrefineandimprovethesteel.


5.Whenapieceisbeingfinishedandsmoothedbymoderateblows,itshouldnotbeaboveadarkredheat.


	

304.AnnealingToolSteel.Afteratoolhasbeenforged,itisbesttoannealit,orsoftenit,beforehardeningandtempering.Thisistorelieve'anystrainsthatmayhavebeensetupbyalternateheatingandcoolingandbyhammering.Annealingisdonebyheatingthetooltoauniformdarkredheatandplacingitsomewhereoutofdrafts,asindryashes,orlime,andallowingittocoolveryslowly.(Copperandbrassmaybesoftenedbyheatingtoaredheatandplungingquicklyintowater.)


305.HardeningandTemperingToolSteel.Iftoolsteelisheatedtoadarkred,orthecriticaltemperature,andthenquenched(cooledquicklybydippinginwaterorothersolution),itwillbemadeveryhard,thedegreeofhardnessdependinguponthecarboncontentofthesteelandtherapidityofcooling.Thehigherthecarboncontent,theharderitwillbeandthemorerapidthecooling,theharderitwillbe.


Atoolthushardenedistoohardandbrittleandmustbetempered,orsoftenedsomewhat.Thisisdonebyreheatingthetooltoacertaintemperature(alwaysbelowthehardeningtemperature)andquicklycoolingitagain.Theamountofsofteningaccomplishedwilldependuponthetemperaturetowhichthetoolisreheated.Forpracticalpurposesthefarmshop,thesetemperaturesarejudgedbythecoloroftheoxideorscaleonthesteelasitisbeingreheated.Astrawcolor,forexample,indicatesthatthetoolhasbeenreheatedtoacomparativelylowtemperature,andifquenchedonastrawcolor,itwillberatherhard.Abluecolor,ontheotherhand,indicatesthatthetoolhasbeenreheatedconsiderablyhigher,and,ifquenchedonablue,itwillbesofter.


306.HardeningandTemperingaColdChisel.Afteracoldchiselisforgedandannealed,itmaybehardenedandtemperedasfollows:

1.Heattheendtoadarkred,back2or3in.fromthecuttingedge.


2.Coolabouthalfofthisheatedpartbydippingincleanwaterandmovingitaboutquicklyupanddownandsideways,untiltheendiscoldenoughtoholdinthehands.


3.Quicklypolishonesideofthecuttingendbyrubbingwithemerycloth,apieceofanoldgrindingwheel,apieceofbrick,oranoldfile.


4.Carefullywatchthecolorspasstowardthecuttingend.Thefirstcolortopassdownwillbeyellow,followedinturnbystraw,brown,purple,darkblue,andlightblue.


5.Whenthedarkbluereachesthecuttingedge,diptheendquicklyintowaterandmoveitaboutrapidly.Ifmuchheatisleftintheshankabovethecuttingedge,coolthispartslowlysoasnottohardentheshankandmakeitbrittle.Thisisdonbysimplydippingonlythecuttingendandkeepingitcoolwhiletheheatintheshankaboveslowlydissipatesintotheair.


6.Whenallrednesshaslefttheshankdropthetoolintothebucketortubuntilitisentirelycool.


	
Fig.268.Temperingacoldchisel.


A.Theendisheatedtocherryredbackabout3in.fromthecuttingedge.Thenabouthalftheheatedportioniscooledincleanwater,movingthetoolaboutrapidly,upanddownandsideways,topreventtoosharpdemarcationbetweenthehotandcoldparts.


B.Theendisthenquicklypolishedbyvigorousrubbingwithemeryclothorotherabrasivetoenablethecolorstobeseenastheypassdown.Whenadarkblueappearsatthecuttingedge,theendofthetoolandonlytheendisagaindipped,workingitupanddownandaround,andkeepingitcoldwhileanyheatintheshankofthetoolisslowlygivenuptotheair.


Whenthetoolisfirstdipped,itisimportantthatitbemovedupanddowntopreventtheformationofasharplinebetweenthehardenedandunhardenedparts,assuchalinemightcausethetooltobreakatthispointsometimelaterwheninuse.


Ifthecolorscomedowntoorapidly,thetoolmaybedippedintothewaterandoutagainquicklytoretardtheirmovement.Whentheymovedownslowlyitiseasiertowatchthemanddoagoodjoboftempering.


Dippingtheendatthefirstofthehardeningandtemperingprocessmakesitveryhard.Theheatleftupintheshankofthetool,however,graduallymovesdowntothecuttingendandsoftensitandwhenitissoftenedtothedesireddegreeofhardness,asindicatedbythecolor,thetoolisthenquicklyquenchedtopreventanyfurthersoftening.Thevariouscolorsaresimplyindicationsofdifferenttemperatures.


Ifatoolistriedandfoundtobetoosoft,aasindicatedbydenting,itshouldberetemperedandthefinalquenchingmadebeforethecolorshavegoneoutquiteasfarastheydidoriginallythatis,beforetheendhasbeensoftenedquiteasmuch.Incaseatoolprovestobetoohardandtheedgechipsorcrumbles,itshouldberetemperedandthecolorsallowedtogooutalittlefurther.


	

307.TemperingPunches,ScrewDrivers,andSimilarTools.Toolslikepunches,screwdrivers,scratchawls,etc.,maybetemperedinthesamemannerasacoldchisel,butmaybemadeharderorsofteraccordingtotherequirementsofthetool.Ascratchawlshouldbemadesomewhatharderthanacoldchisel,arockdrillsomewhatharder,acenterpunchjustalittleharder,apunchforliningupholessomewhatsofter,ascrewdriversomewhatsofter,etc.


Differentgradesoftoolsteelwillhavedifferentdegreesofhardnesswhenquenchedatthesamecolor.Therefore,itmaybenecessarytoexperimentalittlewiththefirstpieceofanewlotofsteelinordertosecurethedesireddegreeofhardness.


308.TemperingKnives.Knivesandtoolswithdelicatepartsareusuallyhardenedandtemperedinamannerslightlydifferentfromthatusedforcoldchisels,inordertoavoidthedangerofoverheatingandwarpingandtoinsureuniformhardeningandtemperingofthecuttingedges.


Afteraknifeisforged,itshouldbeannealed.Itisthenheatedslowlyanduniformlytoadarkred,orthecriticaltemperature.Itisthenquicklycooledbydippingedgewaysincleantepidwateroroil,thickedgefirst.Thismethodofdippinghelpstoinsureuniformcoolingandthereforeuniformhardeningandfreedomfromwarping.Itisthenpolishedandreheatedbydrawingitbackandforththroughaflame,orbylayingitagainstalargepieceofredhotironandturningitfrequentlytoinsureuniformheating.Whenthedesiredcolor,usuallyblue,appears,itisagainquicklycooled.


Anothermethodofheatingknivesandsimilartoolsforhardeningandtemperingistodrawthemslowlybackandforthinsideapipeintheforgefire.Thepipeshouldfirstbeuniformlyheatedinabigfireandthenturnedfrequentlytokeepituniformlyheatedonall.sides.Theknifeshouldnotbeallowedtotouchthepipe.

PointsonForgeandTemperingToolSteel


1.Useagood,clean,deep,cokefireforheatingtoolsteelandheatitslowlyandevenly.


2.Heatinginapoorshallowfire,orheatingtoorapidly,islikelytocauseunevenheating,whichresultsinunequalexpansion,whichinturnmaycauseinternalflawsorcracks.


3.Properhammeringoftoolsteelatthepropertemperaturerefinesit,makingthegrainsizesmaller.


4.Doriothammertoolsteelunlessitisatleastatadarkredheat,andheateduniformlyclearthrough.

5.Hammeringbelowaredheatislikelytocausecrackingandsplitting.


6.Hammeringwhennotheatedclearthroughmaycausetheouterpartstostretchawayfromtheinnerpartsandcauseinternalflawsorcracks.

7.Lighthammeringshouldbeavoidedevenwhenthesteeliswellheated,


	

becauseofdangerofdrawingtheoutersurfacewithoutaffectingtheinnerparts.


8.Neverheattoolsteelaboveabrightredorloworangeheat,andthenonlyforheavyhammering.


9.Formoderatehammering,asinfinishingandsmoothingajob,donotheataboveadarkred.

10.Toolsteelisruinedifitgetswhitehot.


11.Incasetoolsteelisaccidentlyoverheatedsomewhat,allowittocoolslowlyandthenreheat,beingcarefulnottooverheatitagainorheatittoabrightredorloworangeheatandforgebyheavyhammeringtorestorethefinegrainsize.


12.Afteratoolisforged,itshouldbeannealedbyheatingtoauniformlowredandplacingitindryashesorsimilarmaterialtocoolslowly.


13.Inquenchingatoollikeacoldchisel,moveitaboutrapidlyupanddownandaroundtopreventasharplineofdemarcationbetweenthehotandcoldparts.


14.Temperingcolorsshouldmoveslowlysotheymaybeeasilyseen.Iftheymovetoofast,dipthetoolquicklyintowaterforaninstant.


15.Inthefinalquenchingofatoollikeacoldchisel,cooltheendquicklybutdissipateany,heatleftintheshankveryslowly.Otherwisetheshankmaybehardandbrittle.


16.Incaseatoolisfoundtobetoohard,retemperitandallowthetempercolorstogooutalittlefurtherbeforefinalquenching.

17.Incasethetoolistoosoft,quenchbeforethecolorsgosofar.

Questions


301.(a)Whatmaterialsmayusuallybeobtainedaboutthefarmformakingtoolslikecoldchisels,punches,andscrewdrivers?(b)Whatarethechiefdifferences,inchemicalcompositionandphysicalproperties,betweentoolsteelandmildsteel?(c)Whatisthecriticaltemperatureoftoolsteel?(d)Howmaythesmithrecognizeit?(e)Howmaytoolsteelbesohammeredastorefineit?


302.(a)Whyshouldtoolsteelnotbeheatedtoorapidly?(b)Whati'sthehighestsafeforgingheatfortoolsteel?(c)Whattroublewilloccuriftoolsteelisoverheated?(d)Whatshouldbedoneincasetoolsteelisaccidentallyoverheated?


303.(a)Whattroublesmaydevelopfromhammeringtoolsteelbelowaredheat?(b)Whattroublemaydevelopfromhammeringwhenitisnotuniformlyheatedthroughout,orfromhammeringwithveryfightblows?(c)Whatisthebestheatforheavyhammeringoftoolsteel?Formoderateorfinishhammering?


	

304.(a)Whatisannealing?(b)Whyshouldapieceoftoolsteelbeannealedafteritisforged?(c)Justwhatistheprocedureforannealing?


305.(a)Howmaytoolsteelbehardened?(b)Whatdeterminesthedegreeofhardnesstowhichapieceoftoolsteelmaybehardened?(c)Whatistempering?(d)Howmaytoolsteelbetempered?


306.(a)Explainandbeabletodemonstratetheprocessofhardeningandtemperingacoldchisel.(b)Namethecolorsintheorderinwhichtheyappearattheendofthechisel.(c)Whyisitimportantthattheendofthechiselbemovedaboutrapidlyinthewateratthefirstquenching?(d)Whyisitimportantthatonlythecuttingendbecooledquicklyatthesecondquenching,andthattheshankbecooledslowly?(e)Whyisitdesirabletohavethecolorsmovedownslowly?(f)Whatwouldyourecommend,ifupontrialitisfoundthatacoldchiselhasbeentemperedtoohard?Iftoosoft?


307.(a)Inwhatrespectsaretools,likepunches,scratchawls,andscrewdrivers,tempereddifferentlyfromcoldchisels?(b)Howshouldthehardnessofthefollowingtoolscomparewiththatofacoldchisel?Scratchawl?Screwdriver?Rockdrill?Centerpunch?


308.(a)Whyareknivesandsimilartoolsnothardenedandtemperedinthesamemannerascoldchisels?(b)Outline,stepbystep,agoodmethodofhardeningandtemperingaknife.(c)Inquenchingaknife,whichpartisimmersedfirst?Why?
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CHAPTERXXIWELDING

PLOWSHARPENING

KINDSOFIRONANDSTEEL

WELDING


309.TheWeldingFire.Agoodfireisthefirstrequirementforwelding.Itisimportantforanyblacksmithingwork,butforweldingitisindispensable.


Thefiremustbeclean,thatis,freefromclinkers,brass,babbitt,etc.,assuchimpuritiestendtomaketheironsslipperyinsteadofstickyattheweldingtemperature.Lotsofgoodcokeisneeded,asfreshcoalnotonlymakesasmokyfirebutmayalsointroducesomesulphur,whichwillmakeweldingdifficult,ifnotimpossible.


Thefireshouldbedeep,withatleast4in.ofburningcokebelowtheirons.Thereshouldalsobeburningcokeonbothsidesandabovetheirons.Thusenoughheatcanbeprovidedforthoroughheatingoftheironsbeforethefireburnsdown.


Thefireshouldbecompactandwellbankedwithdampenedcoalsoastoconfine.andconcentratetheheatandtopreventtoomuchairfromgoingthroughthefireandcausingtheironstooxidizeorscaleunduly.


Thefireshouldbethoroughlycleanedabouteveryhalfhourwhilewelding.


310.ScarfingtheIrons.Endstobeweldedtogethershouldfirstbeproperlyshapedorscarfed.Scarfedendsshouldbeshort,usuallynotover11/2timesthethicknessofthestockandtheyshouldhaveroundedorconvexsurfaces,sothatwhentheycometogetheranyslagorimpuritieswillbesqueezedoutratherthantrappedintheweld.Long,thin,taperingscarfsaretobeavoidedbecausetheyareeasilyburntinthefireandbecausetheycoolandlosetheirweldingheatveryrapidlywhenremovedfromthefire,thusmakingweldingexceedinglydifficult.


Inordertocounteractthewastingawayoftheironsbyscalingandthetendencytodrawoutfromhammeringwhentheyarewelded,theendsarecommonlyupsetbeforescarfing.Scarfsontheendsofbarsaremadebyworkingonthefaredgeoftheanvil,strikingbackinguporsemiupsettingblowswiththetoeofthehammerlowerthantheheel.(SeeArt.314,page235,forinstructionsonthelinkscarf.)


311.WeldingFlux.Boraxorcleansand,oramixtureofthetwo,maybeusedasaweldingflux.Commercialweldingflux,however,suchasmaybeboughtfromhardwarestores,isusuallymoresatisfactoryandsincebutalittleisneeded,itisprobablybesttobuyasmallpackageforthefarmshop.


Fluxisappliedtothepiecestobeweldedaftertheyareataredorwhiteheatandjust


	

beforetheweldingheatistobetaken.Itcoverstheironsandcausestheoxidetomeltatalowertemperature.Theoxidemustbemeltedbeforetheironscanbewelded.


Fluxisnotneededinweldingwroughtiron,asitmaybeheatedabovethemeltingtemperatureoftheoxidewithoutdangerofburning.Althoughitispossibletoweldmildsteelwithoutflux,itismucheasiertodoagoodjobwithit.Toolsteelcannotbeweldedwithoutflux.


312.HeatingtheIrons.Theironsshouldbeheatedslowlyatfirst,sotheywillheatthoroughlyanduniformlythroughout.Theironsshouldbeturnedoveronceortwiceduringtheheatingtoinsureequalheatingofallsidesandparts.


Aftertheironsreachabrightredheat,removethemanddipthescarfedendsintoflux,orsprinklethefluxonthemwiththefingers.Replacetheironsinthefireandcontinuetoheat,beingcarefulnottobrushthefluxofftheironsbeforeitmelts.Pullafewlumpsofcokeontopoftheironsandraisethecokeoccasionallywiththepokertoseehowtheheatingisprogressing.


Caremustbetakentoseethatbothironsreachtheweldingheatatthesametime.Ifoneheatsfaster,pullitbackintotheedgeofthefireforafewseconds.Duringthelastpartoftheheating,havethescarfedsidesoftheironsdownsotheywillbefullyashotastheotherpartsofthepieces.


313.TheWeldingHeat.Whentheironsreachtheweldingtemperature,theywillbeabrilliant,dazzlingwhitetheirsurfaceswillappearmolten,muchlikeameltingsnowballandafewexplosivesparkswillbegivenoff.Whenthesparksstarttocomefromthefirealittlemoreviolently,itistimetoremovethemandweldthemtogether.


314.WeldingaLinkorRing.Tomakealinkorring,thestockisfirstheatedandbentintoahorseshoeorUshape.Theendsarethenscarfedbyplacingontheanvil,withoneenddiagonallyacrosstheshoulderbetweentheanvilfaceandthechippingblock,andwiththeotherendagainsttheverticalsideoftheanvil.Aseriesofthreeorfourmediumorlightblowsarestruckontheendontheshoulder,swingingthetongsalittlebetweeneachblow.InthismannertheendoftheUisgivenashort,blunt,anglingtaperwithaslightlyroughenedsurface.Thepieceisthenturnedoverandtheotherendscarfedinthesamemanner.Thescarfsmaybefinishedbystrikinglightlywiththecrosspeenofthehammer.

Fig.269.Stepsinmakingalink.


ThelegsoftheUarenextbentoverthehorn,lappedtogether,andhammeredshut.Itisimportantthatthelinkorringbesomewhateggshapedatthisstagenotround.Theendsshouldcrosseachotheratanangleofabout90deg.Thisinsuresplentyofmaterialatthejointforfinishingthelinkandpreventsathin,weaksectionattheweld.


	
Fig.270.Agoodmethodofscarfinglinks.


Thelinkisthenplacedinagoodweldingfireandheated,fluxbeingappliedafteraredheatisreached.Thelinkmayneedtobeturnedoverinthefireatimeortwoinordertoinsureevenheating.

Fig.271Stepsinmakingaring.


A.Bendtohorseshoeshape.B.Scarfsameaschainlink.C.Bendeggshapedandweld.


Whentheweldingheatisreached,theworkisquicklyremovedfromthefire,givenaquickrapovertheanviltoshakeoffanyslagorimpurities,andthenputinplaceonthefaceoftheanvilandtheendshammeredtogether.Thelinkisstrucktwoorthreequick,mediumblowsononeside,thenturnedoverandstruckontheotherside.


Mediumblowsareusedbecausetheironatweldingheatissoft,andheavyblowswouldmashitoutofshape.Forcingthepartsfirmlytogetherisallthatisrequired.Itisessentialtoworkfastbeforetheironlosestheweldingheat.Asecondorevenathirdweldingheatmaybetakenifnecessarytocompletelyweldtheendsdown.


Aftertheendsareweldedtogether,thelinkisfinishedbyrollingitslowlyonthehorn(bytwistingorswingingthetongsbackandforth)whilehammeringrapidlywithlightblows.Incaseofalargering,theweldcanbestbefinishedbymakingthestocksquare,theneightsidedandfinallyroundasindrawingroundrods.


	

Fig.272.Theweldonalinkorringshouldbefinishedbyrollingitslowlyonthehornwhilehammeringwithaseriesofrapid,lightblows.Largeringsmaybefinishedbymakingthestocksquare,theneightsided,andfinallyround.


315.WeldingRodsorBars.Toweldrodsorbars,itisbesttoupsettheendssomewhatbeforescarfing.Thescarfsshouldbeshortandthickandwithroundedconvexsurfaces(seeFig.273).Theironsarefluxedandbroughtuptotheweldingheatintheusualmanner.Whentheyreachtheweldingheat,theyareremovedfromthefire,struckquicklyovertheedgeoftheanviltoshakeoffanyslagorimpurities,putinplaceontheanvilandhammeredtogetherfirstononesideandthentheotherwithlightormediumblows,followedbyheavierones.Afterthefirstblowortwotosticktheirons,theendsofthescarfsshouldbeweldeddownnextbecausetheyarethinandlosetheirweldingtemperaturerapidly.


Fig.273.A.Roundrodsupset,scarfed,andinpositionforwelding.B.Flatbarupsetandscarfedforwelding.


GettingIronsinPlaceonAnvil.Theironsareputinplaceontheanvilfacewiththescarfedsurfacestogether,andwiththelefthandpieceontop.Thepiecescanthusbeheldtogetherwithonlyonehand,leavingtherighthandfreetousethehammer.Steadyingthepiecesovertheedgesoftheanvilwillhelpgetthemaccuratelyandquicklyplacedtogether(seeFig.275).


	

Fig.274.Applyweldingfluxwithironsataredheat,andjustbeforetheweldingheatistaken.


Fig.275.Placingironstogetherandwelding.Steadytheironsovertheedgesoftheanvil,theoneinthelefthandbeingontop,asatA.Graduallyraisethehandsuntiltheironinthelefthandholdstheotheroneagainsttheanvil,asatB,whiletherighthandstrikeswiththehammer.


Itisagoodplanforthebeginnertopracticebringingtheironsoutofthefireandplacingthemtogetherafewtimesbeforetakingtheweldingheat.Piecesthatarelongenoughtobeheldinthehandswithouttongsaremoreeasilyhandledthanshortpieces.


FinishingtheWeld.Ifitisnotpossibletogetallpartsweldeddownatthefirstheat,thenfluxisreappliedandanotherheattaken.Oncethepiecesarestuckwellenoughtohold


	

together,however,theyaremuchmoreeasilyhandled.Inweldingsmallpieces,itisfrequentlynecessarytotaketwoextraheats,oneoneachsideoftheirons.Intakinganextraheattowelddownalap,thelapshouldbeontheundersideinthefirejustbeforeremoving.Thisinsuresthoroughheating.


Aftertheweldiscompletedinaroundrod,theweldedsectionshouldthenbesmoothedandbroughttosizebyfirstmakingthesectionsquare,asindrawingroundrods,andkeepingitsquareuntildrawndowntosize.Itisthenfinishedbymakingiteightsided,andfinallyroundbyrollingitslowlyontheanvilwhilestrikingaseriesoflight,rapidblows.


316.InCaseofFailure.Iftheironsdonotstickatthefirstattempt,donotcontinuehammeringbutreshapethescarfsandtryagain,beingsurethatthefireiscleanandthatitisdeepandcompact.Ironswillnotstickifthereisclinkerinthefire,orifithasburntlowandhollow.Besure,also,thattheironsarebroughtwelluptotheweldingtemperature.Itisgenerallynotpossibletomakeironsstickaftertwoorthreeunsuccessfulattemptsbecausetheywillmostlikelybeburntsomewhat,andburntironsaredifficultorimpossibletoweld.Insuchcasestheendsshouldbecutoffandrescarfed.


317.WeldinganEyebolt.Tomakeaweldedeyebolt,ashort,blunt,squarepointedscarfismadeasshowninFig.276.Theweldingheatistakenintheusualmanner,havingthescarfedenddowninthefirejustbeforeremovingandhammering.Bydoingthehammeringoverthehorninsteadoftheflatsurfaceoftheanvil,therewillbelessdangerofmarringanddrawingthestemoftheboltnexttotheeyeandthusmakingitweakatthispoint.


Fig.276.Stepsinscarfingandpreparingtoweldaneyeontheendofarod.

PointsonWelding

1.Useaclean,deep,compactcokefire.

2.Cleanthefireeveryhalfhour.


3.Makethescarfsshortandthick,ratherthanlongandthin.Scarfsshouldnotbelongerthan11/2timesthethicknessofthestock.


	

4.Roundthesurfacesofscarfssoslagwillbesqueezedoutratherthantrappedintheweld.

5.Heattheironstoagoodweldingheat,yetdonotburnthem.

6.Bringbothironsuptotheweldingheatatthesametime.


7.Havethescarfedsidesoftheironsdowninthefirejustbeforeremovingthem,


8.Beforeweldingtheironstogether,shakeoffanyslagorimpuritiesbyquicklyrappingthetongsagainsttheedgeoftheanvil.


9.Steadyingthepiecesovertheedgesoftheanvilwillhelpgetthemaccuratelyandquicklyplaced.


10.Strikelightormediumblowswhenironsareattheweldingheat.Simplyforcingthepartstogetherisallthatisnecessary.Heavyblowsmashtheirons.

11.Workfastkeepthehammerontheanvilwithineasyreach.


12.Incaseoffailuretostick,donotcontinuehammering.Refluxandtryagain,beingsurethefireisingoodshape,andthatyouheattheironshotenough.

PLOWSHARPENING


318.DrawingandShapingSteelShares.Steelplowsharesaresharpenedbyheatinganddrawingtheedge.Theshareshouldbeplacedinthefiresothatonlytheportiontobedrawnisheated.Thisisbestdonebyplacingtheshareflatwiththeedgeoverthecenterofthefire,andbybankingupunderthesharewithgreencoal.Theshareshouldnotbeplacedinaverticalpositionwiththeedgedown.


Theshareshouldbehammeredontop,beginningatthepointandworkingbacktowardtheheel,beatingandhammeringonlyasmallsectionatatime.Theshareshouldnotbeheatedaboveacherryred,andcareshouldbeexercisednottodentthetopsideofthesharewithhammermarksanymorethannecessary.


Itisimportantinsharpeningasharetogetthepointshapedsothatitwillhavethepropersuction.Itshouldslopedownwarduntilthetipendisabout1/4to3/8in.belowtheloweredgeofthelandside.Thepointshouldalsobebentouttowardthelandslightly,usuallyabout1/8to1/4in.,togivetheplowwhatisknownaslandsuction.Incaseofawalkingplow,theoutercornerorwingoftheshareshouldhaveasmallflatsurfacethatbearsonthegroundandhelpstosupporttheoutersideoftheplow.Sulkyortractorplowsharesrequirelittleornosuchwingbearing.


319.HardeningtheShare.Asoftcentersteelsharemaybehardenedbyheatingabout2in.alongthecuttingedgetoadullredandthendippingitinwater,cuttingedgestraightdown.Somesmithsheatthewholesharetoadullredbeforedipping.


	

Solidcruciblesteelsharesshouldbehardenedverylittleifatall.Thereisdangerofbreakingduringhardening.Also,itiseasytogetthemtoohardandbrittle,whichmayresultinbreakageinuse.


320.SharpeningChilledShares.Chilledironsharescannotbeforged.Theymustbesharpenedbygrindingorchippingonthetopside.Chilledironsharesarecomparativelycheapandarecommonlydiscardedaftertheyaresharpenedonceortwice.


321.SharpeningHarrowTeeth.Spiketoothharrowteeththathavesharppointsandsharpsquareedgesaremuchmoreeffectivethanteeththathavebecomebluntandroundedfromlonguse.Harrowteethareeasilysharpenedbyforgingatacherryredheat.


Theywillstaysharplongerifhardenedbyheatingthepointsbackfrom1to3in.toadullredanddippinginwater.Thereissomedanger,however,ofmakingthemsohardandbrittlethattheymaybreakinuse.

KINDSOFIRONANDSTEEL


Therearemanydifferentkindsandgradesofironandsteelusedinimplementsandotherfarmequipment.Tobebetterenabledtorepairsuchequipment,amechanicshouldknowsomethingaboutthedifferentkindsofironandsteelandtheirpropertiesanduses.


322.PigIron.Thefirststepinthemanufactureofironandsteelistoextracttheironfromtheironore,whichisminedinvariouspartsoftheworld.Thisisdonebymeansofthemodernblastfurnace.Themoltenironaccumulatesatthebottomofthefurnaceandisdrawnoffintosandmoldsandallowedtocoolandformshort,thickbarsknownaspigiron.Pigironisthenusedasthesourcefromwhichotherkindsofironandsteelaremade.


323.CastIron.Tomakecastings,thepigironisremelted,togetherwithsmallamountsofscrapiron,andpouredintomoldsofthedesiredshapeandthenallowedtosolidify.Castironisusedextensivelybecauseitischeapandcanbereadilymoldedintocomplicatedshapes.Itishardandbrittleandcannotbebent.Itcannotbeforgedorweldedintheforgefire,butitcanbeweldedwiththeoxyacetylenetorch.Itcrumbleswhenitisheatedtoabrightredorwhiteheat.Itcanbedrilledandsawedeasilyandalsofiledeasilyafterthehardoutershellisremoved.Thequalityofcastironcanbecontrolledbyvaryingtheamountsofscrapironandsteelmixedwithpigironwhenitismelted.


324.ChilledIron.Chilledironiscastironthathasbeenmadeinspecialmolds,sometimeswatercooledmolds,thatcooltheouterportionsofthecastingrapidly,thusmakingthesurfaceofthecastingveryhardandwearresistant.Chilledironisusedforbearingsoncertainfarmmachinesandforsharesandmoldboardsofplowsthataretobeusedingravellyorstonysoils.


325.MalleableIron.Malleableironiscastironofspecialcompositionthathasbeentreated,aftercasting,byheatingforalongperiod.Thisprolongedheatingremovessomeofthecarbonfromthesurfaceofthecastingandreducesitsbrittleness.Malleablecastingsaresofterandtougherthanplaincastingsandcanbebentacertainamountwithoutbreaking.Theyarealsomoreshockresistant.


	

326.WroughtIron.Wroughtironispracticallypureironwithonlyverysmallamountsofcarbonorimpurities.Itismadebyremovingthecarbonandimpuritiesfrompigiron.ThebestgradeofwroughtironcomesfromNorwayandSwedenwherethepurestironoresaremined.Wroughtironwasformerlyusedextensivelybyblacksmiths,but,becauseofitshighprice,itsuseatpresentisquitelimited.Wroughtironhasabout0.04percentcarbon.


327.MildSteel.Mildsteel,alsoknownvariouslyasmachinesteel,lowcarbonsteel,softsteel,andblacksmithiron,isthecommonmaterialusedbyblacksmiths.Itismadebyremovingpractically,butnotquite,allthecarbonfrompigiron.Toremoveitallwouldbemuchmoreexpensive.Itcontainsfromabout0.1to0.3percentcarbon,notenoughtoenableittobehardenedtoanyappreciableextentbyheatingandquenchinginwater.Itcanbebentandhammeredcoldtosomeextentandcanbeforgedandweldedintheforge.Itisalittlemoredifficulttoweldthanwroughtiron.


328.ToolSteel.Toolsteelismadefrompigironbyfirstremovingallthecarbonandpracticallyalltheimpuritiesandthenaddingadefinite,knownamountofcarbon.Toolsteelcontainsfromabout0.5toabout1.5percentcarbon.Itisgranularinstructureinsteadoffibrousorstringy.Itmustnotbeheatedhigherthanabrightredorloworangeheat,oritwillbecomehoneycombedandthereforeweakandbrittle.Thehigherthepercentageofcarbontheharderthesteelmaybetempered,anthemoredifficultitistoweld.Blacksmiths'tools,suchashammersandcoldchisels,arecommonlymadeofsteelhavingfrom0.5to0.9percentcarbon.Tapsanddiesandsuchtoolsaremadeofsteelhaving1to1.25percentcarbon.Thecarboncontentofironandsteelisdesignatedbypoints,onepointbeingonehundredthof1percentofcarbon.Thusa50pointcarbonsteelcontains50/100oronehalfof1percentofcarbon.


329.DistinguishingbetweenGradesofSteel.Agoodwaytodistinguishbetweenthevariousgradesofsteelistogrindthemonagrindingwheelandnotethesparksthataregivenoff.Sparksfromwroughtironarelightyelloworredandfollowstraightlines.Sparksfrommildsteelaresimilarbutmoreexplosiveorsprangled.Toolsteelgivesoffsparksthatarelighterincolorandstillmoreexplosive.Thehigherthepercentageofcarboninsteelthebrighterandmoreexplosivearethesparks.


330.Softcentersteelconsistsofalayerofmildsteelweldedbetweentwolayersofhighcarbonsteel.Theoutsidesurfacescanthereforebehardened,whilethecenterremainscomparativelysoftandtough.Itisusedinmoldboardsofplowsandincultivatorshovelswhereitisdesiredtohaveaveryhardouterwearingsurfacecombinedwithtoughnessandstrength.


331.AlloySteels.Smallamountsofoneormoreothermetals,suchastungsten,nickel,chromium,silicon,vanadium,etc.,arecommonlymixedwithsteeltoformalloysteels.Thesemetalsareusedinsteeltogivecertaindesirableproperties,suchasgreatstrength,resistancetocorrosion,toughness,andresistancetoshock.


	

Fig.277.Differentgradesofironandsteelmaybedistinguishedbythesparksproducedwhengroundonagrindingwheel.Thehigherthecarboncontentofthesteel,thebrighterandmoreexplosivearethesparks.

Questions


309.(a)Whyshouldtheweldingfirebedeep,clean,andcompact?(b)Howoftenshouldthefirebecleanedwhenwelding?


310.(a)Whatismeantbyscarfing?(b)Whatarethecharacteristicsofagoodscarff?(c)Whyarelongthinpieceshardtoweld?(d)Whyareironsusuallyupsetbeforescarfing?


311.(a)Whatmaterialsmaybeusedforweldingflux?(b)Whenandhowisitapplied?(c)Justhowdoesafluxassistinwelding?(d)Whatkindsofironandsteel,ifany,maybeweldedwithoutflux?


312.(a)Whatprecautionsshouldbeobservedinheatingironsforwelding?(b)Whatshouldbedoneincaseoneironheatsfasterthantheother?(c)Whyshouldthescarfsbedowninsteadofupjustbeforetheironsareremovedfromthefireforwelding?

313.Howmaytheweldingheatberecognized?


314.(a)Outlinetheprocessofmakingaweldedchainlinkoraring.(b)Whatisthegeneralshapeofthelinkscarf?(c)Whyisitimportanttohavetheendslappedatabout90deg.whentheyarebeingwelded?(d)Whyisthelinkgivenasharprapovertheedgeoftheanviljustafteritistakenfromthefireandbeforetheendsareweldedtogether?(e)Whyshouldtheweldbestartedwithonlymediumandnotheavyblows?(f)Howmaytheweldedpartofalinkoraringbeneatlyandsmoothlyfinished?


315.(a)Explainandbeabletodemonstratehowtoquicklytaketwoironsoutofthefireandplacethemaccuratelyontheanvilforwelding.(b)Shouldthethinedgesofthescarfsbeweldeddownfirstorlast,oratsomeothertime?Why?(c)Afteraweldiscompletedinaroundrod,justhowshouldtheweldedsectionbeneatlysmoothedandbroughttosize?


316.(a)Whatarecommoncausesoffailureinwelding?(b)Whatprocedurewouldyourecommendincaseironsdonotstickatthefirstattempttoweld?Atthesecondorthirdattempt?


317.(a)Justhowwouldyouproceedtomakeaweldedeyebolt?(b)Howmaytheworkbe


	
donetopreventmarringanddrawingthestemnexttotheeye?


318.(a)Justhowshouldasteel.plowsharebeplacedinthefireforheating?,(b)Howmuchoftheshareshouldbeheatedatatime?(c)Whatistheproperforgingheatforsteelplowshares?(d)Shouldthesharebehammeredonthetoporonthebottomside?(e)Whatimportantpointsshouldbeobservedinshapingtheshare?


319.(a)Howmayplowsharesbehardened?(b)Whatkindofsharesshouldbehardenedverylittleifatall?Why?

320.Howarechilledironsharessharpened?


321.(a)Howarespiketoothharrowteethsharpened?(b)Shouldtheybehardened?Ifso,how?

322.(a)Whatispigiron?(b)Howisitmade?(c)Forwhatisitused?


323.(a)Howarecastingsmade?(b)Whataresomeoftheimportantpropertiesorcharacteristicsofcastiron?


324.(a)Whatischillediron,andhowisitmade?(b)Whatarethemainusesofchilledironinfarmmachines?


325.(a)Whatspecialpropertydoesmalleableironhave?(b)Howaremalleablecastingsmade?

326.(a)Whatiswroughtiron?(b)Howisitmade?


327.(a)Howismildsteelmade?(b)Bywhatothernamesismildsteelcommonlyknown?(c)Whatareitsimportantpropertiesorcharacteristics?


328.(a)Howistoolsteelmade?(b)Whatarethechiefdifferencesbetweentoolsteelandmildsteel?(c)Howistheamountofcarbonintoolsteelcommonlydesignated?(d)Howmuchcarboniscontainedinsteelusedformakingblacksmithingtoolslikehammersandcoldchisels?

329.Justhowmayonedistinguishbetweenthevariousgradesofsteel?


330.(a)Whatissoftcentersteel,andhowisitmade?(b)Whatareitsparticularadvantagesoverotherkindsofsteel?(c)Inwhatpartsoffarmmachinesisitcommonlyused?


331.(a)Whatisanalloysteel?(b)Whatmaterialsormetalsarecommonlyusedinmakingalloysteels?(c)Inwhatrespectsmayallowsteelsbebetterthanplainsteels?
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