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defect88nd&boW only 8 depre88ton of In&lgn?· 
C&nt &tze8tthetop of theingot? - 
This grocedurefor preyenting.the formaton 

of the8hrtnkage defects tn ingots and the &p- 
paratus above described mayalso be used suc 
cessfuly in connection with ingots produced 
in the usual way,Thus,8fter an ingot mold 
has been nHedinthe usualmanner the appara 
tus oftheinventonispaced overit_andanarc 
struckfrom the end of electrode 12 to suppy 
heat durtng the soldfication of the poured met81 
atarateles8than thatat Which heatis removed 
from the mold but sumcient tomantain apool 
of moltenmet8iunti18ub8tantlaly8U of the tngot 
188oldfied,In thistype?of operationit i8pre 
ferred touse 8,blanket of protective fux22,If 
the heat tnput is propery controjied and con 
tinued untilonly 8 smal] pool of mojten metal 
181eft the resultingingot wi1 be free of811pipes 
and Vold8 and the Sound metal yteld W? be a 
maximum?If this eXpedent i5 used the usual 
18rge hot-topmay be eliminated entirely orthe 
hot-top used need only be of 8,size 8ufüclent to 
contain the metal required to compen8ate for 
shrtnkage during sojidfication to 8 desired Hne 
of the ingot. 
The 8pparatus and method can equally Wel 

be used to fi Voids,pipes and repair defects in 
soldingots andothersold met81bodies,Infill 
ing the pipe caVities in ingotS,the 8pparatu8is 
postioned Dver theingot andelectrode f2 moved 
into the primary pipe cavity untilit closey ap 
proaches the bottom Waj1 thereof,An arc is 
struck of the end ofthe electrode?Tt is pref 
erable at the beginning of the operation to use 
asufcienty high currenttocompleteyfusethe 
secondary piperegion,Whenthishas beendone 
filer metal is Supplied to the electrode in any 
preferred way unti1 the cavity is filled and the 
electrode is manipulated aS required t0 fuse the 

,Walis of the cavity and unite the fier metal to 
them?After the cavity is filed the 8rc con 
tinues until substantially al of the metalis So 
1idfied?Asbefore,the currentinput isadjusted 
tomaintain a,moltenpoolof metal of constantly 
diminishing size,The operation is preferably 
carried out under 8,blanket of protective flux? 
The apparatus of Figs.2,38nd4 includes the 

elements of the apparatus above deScribed Bnd 
is particularly adapted for alloy ingot manufaC? 
turing operations,of the general type deScribed 
inmyprior Patent No.2.191479. 
The apparatus inciudes a,truck 30 that is 

1mounted for movement on rails Carried by a 
bridge 31,Truck 32supports bridge 3f and is 
mounted for movement on rails Carried by sup 
porting structure 33,Truck 30 has attached 
thereto a Vertical frame 348gainst Which bear 
rollers35mounted on verticaly movable frame 
36?A motor 3T operateS the arrangement for 
Hfting andiowering frame 34,forinstance,this 
arrangement may include a Vertical elongated 
screwrotated by motor3Tin anutfixed to frame 
36?Motor 3? is controlled as Wi be explaine 
herein8fter? - 
Frame 38 carries a platform 38-upon Which 

aresupported metering devices for meteringthe 
materialsemployedin producingthe desired met 
al,These devices maybe of anypreferredtype 
and construction;each material may be metered 
through a,Separate metering deVice or One me 
tering device maybe usedto metera known mix 
ture of two or·more materials?The materials 
are in the particle form and are Storedin hop 
pers 33 from whence they pass to their respec 
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tvemetedng devce Themetereamatedas, 
are colected in 8,hopper and pa88 tntopipe 4? 
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which1eads them to the fusion 2one?The me 
tertng device88re 80 adjusted thatthe materials 
are Constanty8uppled into pipe 4? hn the pro 
portion8 required to produce the metal of re 
quired anaiysis,The constituent8 of the desired 
met81 may all be obt8ined from granular m8te 
rial 88just indcated or some of them m8y be 
obtatnedfrom granular materialandother8from 
8old 8hape88uch asrods,bars,tubes,etc?In the latter c88e,the SoHdshape8 required8refed 
at the proper rate byappropriate means to the 
fusion ZOne,One8Uch means is motor 4f that i8 
mounted on platform 42 carried by frame 36, 
Motor 41 is of the adjustable speed type and 
through 8uitable drive wheelsdrives wire43at 
88electedrate to the fusion2one?Wire 43 may 
be of any required analysis and may be kepton 
areelalsomountedonplatform42, Theelectrodearrangement 441ssupported by 
members45attached toframe36?Thearrange 
ment includes a,plurality of electrodes 468imilar 
in Character and construction to electrode 2 of 
Fig,1?The electrodes are grouped in a circle 
0r other cloSed or Substantially closed shape? 
Each electrode 46 inciudes a body portion 47, 
formed of Copper,brass,iron or other suitable 
metal,that is Screwed into a hole tapped into 
bottom plate 48 and tip portion 48 threadedon 
the end of bodyportion 47,Tip 49 is preferably 
made of Copper,brass,silver,orothermetal,hav? 
ing8 high heat conductivity,Artng50isunited, 
as by Welding,to bo?om plate 43and top plate 
54,A tubular member 52fts in aligned holes 
in plate848and5 andisunited,asbywelding,to 
the walsthereof to complete annular heatex 
change medium outlet chamber 53 and to pro 
Vide8 paSSage fortube 4ü andwire 43?The heat 
eXchange medium leaves chamber 53 through 
pipeS 54thatare united,as by welding,toring 
50 and openinto chamber 53,Tubes 55depend 
from 8 manifold 56 which is supplied with the 
heat exchange medium,usualy water,from a 
Vaived line 5??Tubes 55pass through holes in 
plate 5f to enter chamber 53andextendtothe 
bottom ofelectrode 46?Theendsof tubes55are 
notchedasshownandcontact the bottoms oftips 
49. By making the notches of proper size the 
jetting ofthe heatexchangemediumaganst the 
bottom Wallof tip 49 which producesamaximum 
heattransferratemayeasiybesecured. Glands 
58 and packing59 are provided forseaing the 
holes in plates 5? through which tubes 55 ex 
tend? 
Apanel board.63 is carriedatthe bottomená 

0fframe36. Forthe purposes of this disclosure 
the Various instruments and controis necessary fortheproperoperation oftheapparatuswi1Be 
COnSideredaS10cated on orin back of thispanek 
board,The Current Suppy means or the con 
nection to an Outside Current Source is also1o 
eated in back of panel board 6ü?The current 
Whatever its Supply is preferably D.C. current 
aS Only with D,C,Current can the electrodes 
Operate Continuously without Substantial wear 
and the full advantages of the invention be 
realized?The negativeside ofthecurrentsupply 
is Connected by a cable 6? to bottom plate 48 
While a cable 62 connects the positive side of 
the Current Supply to mold 63,It is essentia1 
thatthe electrodesand the mold be ofthe po 
1arity Statedif the electrodesareto besubstan 
tialy indestructible?For proper operationitis 
neCeSSarythat a Substantially constant dstance 

  



4 
bemaintanedbetweenthe ends of the electrode8 
andthesurface of the metal64??or thls pur? 
posetheoperation of motor37 ts controled by 
arc contro1arrangements cut into the electrode 
circuit?The arc contro arrangemGnts may be 
anyofthetypes commoniy foundin the electric 
arcweldingandelectric furnaceartsSuitablefo° 
the purpose?These Brrangements ?i bé30°? 
sideredas1ocated n back of pane board g@? 
Mold 63 maybe of meta?or??8?be o??e 

fractory material,o°8 Combina?0a D& both,de 
pending Uponthe opera?oa c3?ried Gü?When 
ferrousalloysare produced8 meta??old of high 
heat conductivity,preferably Copper,h8S ?eGQ 
foundsatisfactory:such moldis Cooleá i? Orde? 
to prevent its destruction by Jettiaga heat e?? 
changemedium,USUaly water,aganSü?tS sdes, 
Coi185?hat receives the he8t e?Ch8mge medUm 
?rom vaived ine g6 is grovided ?ox ?ais @Ur 
p0Se? 
After theanalysis of ?he Qetal YeguiYed to be 

produced is estabished and the raw materials 
selected,the quaQtities of the raw?}8?3?8ls &e? 
guired,per Unit o? time,to prodüce 8,3redeter 
?nined weight,per unit of üe,of ?he Ynetal of 
the desiredanalysis?s determined by Simple Cai? 
CUlation,When,3s is USu8?7@re?e?YGö,the op? 
erationis carried out UAder a?rotec?Vea?anket 
o? ?ux@?,?i?le? any alo?ance Ye3???3 Yn&de 
?or loss Qf Yaaterials?The meteriYggeyjC3S,?8M 
of ?he rB? materiais are i paY?cle ?CKYA,Or 
the metering devicesand motoró Dr egüVa?ent 
mears??hen some of ?ne raw materiaS 3?e 
? pa??cie form 8mdotheYS 8Ye? h6 ?oZY Df 
?ods,wires or othe?shapes,are Set to ?eed the 
raw materia?s aü?he @roper Yates,?? Ya9ö”?e 
stated herethat?hie?ize?3?sShowQ3S@8SSimg 
to the ?UsioY Zo?le üroüg??he paSS8geWay ?YO 
wided by membey $2,it has been ShoWQ?US ?o? 
convenience ony as Wire ?$,0? its eguiy8ient, 
?night be passed ?roüg?i ??oe ? &S We? o?it 
Ynight be Cassed to the ?USion Zone CütSide of ejectrode8é@? 
?1e Wario?s se?gs ?aVing?eer 3nade 8,30dy 

of metai,or the equiyalent,o?8,?nicköeSS SU?? 
cient toprevent?usion of the bo?om0??he moid 
is piacedin the bottom of the mold?The eiec? 
trode arrangement ?g is ther lowered ütil the 
tips Ég approach the met8i boöy aYaá WadS O? 
stee??ool or other 8rC Starters interpCSGö oe 
tweenthetipsé9andthe Blüg?AYope°87nOUYit 
of the Chosen?U?$? is g?aCed??he g10ld??ie 
valvesin?ines??,G78nd@6arethen Openedand 
the eiectric cirCuits closed to Set the appaYaüS 
in fui ope?ation?The initial SUrge of Cürrent 
destroys the arc St8rter”and eStab?ishes aK arC 
between tips Q? and the metai body?°he arc 
control arrangements Contro ?he Opera?on Of 
motor3? So that frame 36 is moWedto eStablish 
and maintain the arcs at the predeterYmined length? 
The heat of the arcs fuses metal of ?ne body 

andthefüxandshortya?terthe &C?OQisStarted 
the raw materials work their way through the 
rnoltenfuxandareaISO fUsed?The deSired meta? 
thus produced forms a,p0oi bene8th the blaYiket 
of moitenfiux,The remoyal of heatthYoughthe 
sides of the mold is So Controied that & SUf 
cient body of molten metal is present to aSSure 
thorough? interminging of the Constituents and 
productián of homogeneous metal,Wher the metalproducedreaches 8,predeterminedlevelin 
mold63the metering devicesandanyother de? 
Vices Used to Suppy the raw materials are Shut 
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down whilethe dscharge of electric curreatfrom 
theelectrodesiscontinuedatareducedrate untl 
substantially all of the metai is Solidfied?The 
electric current dscharge during this period 
should be suffcient to maintain 8 pool of lquid 
metal of constant?y diminishing size until 8ub? 
stantially al of the metal issoidifed??f this 
is done the solid?ied ingot wil be free of al shrinkage defeCtS? 
?ectrode tips ?? haye been examined Bfter 

longperiods of USe and8Side?YC??minor Changes 
in contour ittle evidence of ?hei?Wear?18s been 
found,Alarge QUmber of ingots haVe been eX? 
8mined andtheir 8nalyses reye3?20?ngredents 
derived from the e?ectrode? 
?n this disclosuze reference is made to strik? 

ing anarc and maintaining the arc length;? ls 
pot to be inferred from theSe Statements that 
8ppicant b8Sesthis discloSUre o??he theoryth8t 
there is an 8rC?etWeer the ená o??he electrode 
and the molten metal,AppliCant hasgiven 8 
?8ctu8ldiSclosure Bnd h88?sed termscommon in 
the art to describe i?; he is not Concerneá with, 
and haS QO intereSt in,8Yiy particular ?aeory as 
?o the ch&racter of the e?ectric C?rrent ?ow 
through thegBp 8t the eQdof the electrode? 
Whie theinvention hasb3en describeá in con 

nection w?h the manufacture of iagots,???saot 
limited thereto bUt is of generB? appication, 
Als0,While he inVention h8s been áisciosedin 
ConQectio? With Operations iQ ??n?ch ??eta of 
desired 8nalysis is Contintously ??oüuced,it is? 
8iso Bppic8ble to operations ix which üe de 
sired metalis produced in batch oper&tions? 
?Cia?m: - 

???Y 8pparabus ?or füsing materiais,8,?eta 
electrode including 8 tubülar body portion and 
tubular tip having one edá removaby Unitedto 
One end of Saiá body portion,the other eQd of 
Said?p being ClOSed,Saiá tip beiag made of 8 
metal of high heat Condüctivity,8?bü&g@em… 
ber QoSitioned in s&id electrode concentricaliy 
therewith,Said bUbular member entering Said” 
body portionaadexteQdingto ?ae closeá end of 
Said üp,portions of the Wals of said tübular 
Knember adjacent Saidtip being remoyed to pro 
VideapaSSageway of predetermined areabetween 
?he Space Within said tubular member and the 
space between Said electrode and said tubular 
member,Kneans for Süpp?ying a Cooling medium 
to the enteringend of Saidtubular member,and 
?rleanS for removing the Cooling medium from 
Said electrode? 
2??napparatus for producing metai,an elec 

trode arrangement comprising members defining 
& ClOSed Chamber,said mernbersinciudinga?op 
member,a bottom member and side members, 
Said bottom member havingapluraity ofspaced 
10les therethrough positioned on the periphery 
of a Substantialy closed curve,a ho?ow metal 
electrode at each of said holes United to said 
?OttOm memberand Opening?ntosaid chamber, 
Said electrodes having a cloSed discharge end, 
a like piuraity of holes in said top member 
aligned with the holesinsaid bottom member,a 
tubular member positionedineach of saidelec 
trodeS and having one end adjacent the inner 
Walofthe closeddischargeendofsaidelectrodes, 
Said tubular members extending through said 
Chamber andthrough the hole in saidtop plate 
aligned With their respective electrodes,means 
forSealingthe space betweensaidtubularmem 
bers andthe Walls of the holesinsaidtopmem? 
ber,meansforSupplyinga coolingmediumtosaid 
tubular members,and cooling medium outlet·   



9.870467 
meansunitedtothe wan of8ad&demember fo? 
Gacuaton of the cooung medum from sad 
chamber? 
3.Inapparatus for producing metal;an_elec?? 

.trodearrangement compdstngmembers defnmg 
aclosedchamber,saddmembersincludng atop 
member,a,bottom member,and slde members, 
sadbottommember having8 plurality of Spaced 
holes therethrough postioned on the pertphery 
ofasubstantialyclosed curye;8 holow metal 
electrode at each of8ald holes;each of Sald 
electrodes includng an open ended holow b0dy 
portion,one endof whichopensintosaldcham 
berand is removably united to the wal of its 
DoRe,a holow dscharge tpportion made o?8 
meta1 of high heat conductivity having its ds 
chargeend closed and its other end removaby 
united to the other end of Said body portion;a 
pluralityof holesinsadtopmember,each hole 
beingaigned with a hole tn Said bottom mem? 
ber;atubularmemberineach of Saidelectrodes, 
sadtubular members having one end adjacent 
the inner wal of the dscharge end of Said tip 
portion,saidadjacentend being formed to pro? 
videacommundcationway of predeterminedarea; 
sald tubular members extendng through Said 
chamberandthe holesinsaidtop member Corre? 
sponding to their respective electrodes;gland 
means seaing the space8 between said tubular 
members and the Wals of the holes in said top 
member;meansfor Suppyinga cooling medum 
tothe otherends of8aid tubular members;8nd 
means opening into 8ald chamber for outlet of 
the cooling medum from 88id chamber? 
4,In apparatus for pr0ducing metal;an elec 

trode arrangement comprising members defining 
an annular closed chamber;said members in 
cluding a top member,8 bottom member,and 
innerandoutersidemembers,Said bottommem 
ber and said top member haying a plurality of 
aligned holestherethrough spaced along the pe? 
rphery ofasubstantialyclosedcurve;a holow 
metalelectrode,having8 closed discharge end,at 
each ofthe holesin said bottommember united 
to said bottom member and opening int0 Said 
chamber;8,tubular member positioned in each 
of said electrodes and haVing One end adjaCent 
theinner wall of the dschargeendthere0f;Said 
tubuiar members extendingthrough Said cham 
ber and the holes in said top member;meanS 
forsealingthespace between Saidtubular mem? 
bers andwals of the holesin Saidtop member; 
means for Supplying a,Cooling medium t0 Said 
tubular members;means united to the Wall of 
said outer side member for evacuatidn of the 
cooling medium from Said chamber;and means 
passing through the central paSSageway defined 
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by said inner member for conducting the raw 
materials used to produce the desired metal to 
thespace encompaSSed by Saidelectrodes? 
5??napparatus forproducing metal;an eleC? 

trodearrangement comprising members defining 
an annular closed chamber;Said members in? 
cludng a top member,a bottom member,and 
innerandouterside members,Said bott0mmem? 
ber andsaidtop member having a pluraity of 
aigned holestherethrough spaced alongthe pe 
riphery of a substantialyclosed CurVe;a holow 
metal electrode,having a cloSed discharge end, 
at each of the holes in Said bottom member 
unitedtosaid bottom memberand openinginto 
said chamber;a,tubular member p0Sitioned in 
each ofsaldelectrodes and haVing one end ad? 
iacent the inner wal of the,discharge end thereof;saldtubularmembersextendingthrough 
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saldchamber and the holes in 8ald top member; 
meansforsealngthe 8pace betweenSaidtubular 
members andwals ofthe holesinSaidtopmem? 
ber;means for supplying a cooling medium to 
·saidtubular members;meansunited to the Wall 
ofsaldoutersidememberfor evacuation of the 
coolingmedum fromsaidchamber;meanspaSS 
ing through the centra1passageway defined by 
saidinner member for conducting the raW ma 
terial used to produce the desired metalto the 
space encompassed by said electrodes;a direct 
current supply;8 mold including a conductive 
portion forming a surface of the mold Space; 
means connectingthenegativeside of sadcur 
rentsupplytoSaidelectrodes;means connecting 
said conductive portion to the positive side of 
Said current suppy;and means Operatable for 
moving Said electrode Brrangement to maintain 
8 subStantially constant electric discharge be 
tween thesurface of the metalproduced andthe 
discharge ends of Said electrodes? 
6?Inthe method of treating metalliferoUs ma 

terialin a,2One heated bythe discharge of elec 
tric current through agap,the stepscomprising, 
establishing a heating2One by dischargingelec 
tric current through agap betweena conductive 
body and a tubular metal electrode having & 
closed ended holow discharge tip of metal of 
high heat conductivity,conducting a confined 
stream of liquid C0oling medum through the 
electrodetowardthebottomwalofthe dscharge 
tip and releasing the stream immediately ad? 
jacentsaid Walt0SWeepthe surf8ce of Said Wall 
wh?emantainingthe closedendand8 porton 
ofthe tip beneath thesurface of8 depth offux 
capable of protecting the submerged portion of 
the tip from the atmosphere,and adjusting the 
fow ofthe c00ling medium to remove heat from 
the discharge tip at a rate suficient to prevent 
fusion there0f S0 that the electric C11rrent dis 
charge may be continued SubStantialy indef 
nitey without destruction of the discharge tip 
and without paSSage of Substantial quantities of 
the metalthereof into the heating2one? 
7?Inthe method of treatingmetalliferous ma 

terialin a2One heated bythe discharge of elec 
tric Current through agap,the Steps.comprising, 
.eStablishing8 heating2One by dischargingelec? 
tric current through agap betWeen 8,conductive 
body connected to the positive side of a,source 
of direct current andatubular metal electrode 
connectedto the negatiVe Side of Saidsource and 
haying a holow closed ended discharge tip of 
metal of high heat Conductivity,Conducting a 
confined Stream of liquid Cooling medium 
through theelectrode toWard the bottom Wal of 
the discharge tip 8nd releasing the stream im 
mediatelyadjacentSaidWalt0sWeepthe Surface 
ofsaid wal,controllingthe electric current dis 
charge to maintain it of substantiaiy Constant 
character,simultaneously with the discharge of 
the electric current and the fow of the cooling 
medium,maintainingat least the p0rtion 0f the 
discharge tip directly efected by the Current 
discharge and the discharge gap Submerged be? 
neath the Surface of a,blanket of fux Capable 
of protecting them from the atmosphere,and 
adjusting the fow of the C00ling medium to re 
move heat at a rate to prevent deStruction of 
thetip and paSSage of metal of the tip into the 
heating2One? 
8,The method of producing a melt of metal 

·1iferous materials comprising;diScharging eec 
tric current through agap betWeen a conductiVe 
bodyin B,furnace and atubular metal electrode 
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2One,and means for removing the cooling 
medium from the electrode? 
14?Tn apparatus for fusing metalliferous ma? 

terials,a,frame,a,plurality of spaced tubular 
electrodessupported bysaid frame,each of Said 
electrodeshaving8 closed ended dischargetip of 
metalof high heatconductivity,8,tubular mem? 
ber within each of Said electrodes extending to 
the closedendofthedischargetip ofits electrode 
for conducting a cooling medium through itS 
electrode directlyto Saidinner Wall,portions of 
the walls of saidtubular member adjacent Said” 

5 
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ttp betng removed to provide 8,paSSageway of 
predetermined area,between the space within 
Saidtubular member8nd the space between said 
tip andSaidtubularmember,meansforsupplying 
a cooling medium through Saidtubular members 
to Said inner Walls to jet directly thereagainst 
and passupwardy in Said electrodes,meansfor 
remoying the C0oling medium from Said elec 
trodes,and means for dScharging electric Cur 

10rentfromsadtipsforthepurposesstated, 
BOBERT K,HOPKTNS? 

  


