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(37 ABSTRACT

In & thp [ommmg process the core makenal 10 be coned 15
mircdueed direcily mlo a sowrec block of coanng matcral
eliminating 1he need for & bushimg enirance component The
proeess containmenl vessel or crucible 15 beated so that only
o portion of e coaiing matenal becomes mollen, lsaving a
saldd portion of matenal as the enlrence porl of, and seal
amxund, the core materia]l The crucihle can conlaim molien
amd s0ld metals and s cspecially useful when coatmg oore
mawnzl wih reactive metsls The sounce blosck of coaung
malenzl has been machied to melude a close inlerance hole
of a s1ze and shape 1o closely fit 1he cor malenial The core
maenal moves Arst throwgh the sobd poction of the swicee
block of coanng mawnal where the close wleranee hok has
been machined, then theough a soldimolten imeckace, and
finally thraugh the molien phase where the diameter of the
core mmatenal 5 omereesed The ericble may o0 may o
require water-cocling depending upon il 1ype of maicnal
usad 1w eruaible comsiruetion The system may operate under
wvacuup, parial vacuum, Mmosphens pressure, of posiive
pressure depending upon tbe type of souree melernal beng
usad

10 Claims, } Drawing Shevls
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Figure 1
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APPABRATUS AND METHOD FOR
INCREASING THE DMAMETER OF METAL
ALLOY WIRES WITHIN A MOLTEN METAL
MMOL

0.8 GOVERNMENT RIGHTS

The Uniled Siales povermment has rights io Lhis invemion
pursuant to the employer-employes relationship of the Gov-
eramenl 10 the inveniors 35 U5, Depariment of Energy
cmployees al the Adbaoy Rescarch Center,

BACKGROHIND OF THE INVENTION

This epparatus and method are an impeovement in the dip
[irmine provess D increasing tee diamester oL metal wice or
rads. The dip forming process is sometimes refereed to inthe
priot ant a8 3 form of coaling or casting. {’asling wsually
implies the wse of & die. Hewever, “casting” is known in the
art to also mean producing & melallic object with 3 preferred
shape by mnning it through o molien bath and alkeawing 1he
modien metal i solidily on the inital metal wire or sl The
pressnt apparatus includes a block of mztal that will be used
a8 e costing material (referred 1o a8 e “source block of
codding malerial™y W add diameler (o the melal wire of rods
{referred 1o as “core matenal™). The source block of coating
matzrial 15 howsed within 2 bollow recepacle (knorwn in1he
arl as% & “vessel” oF “wrueible™) and machied o iclude a
hale 1hat closely fits the core matenial that will pass through
1he hlock of coating matenial, The apparates includes heating
ehements posilioned on (e exterion ol the crucible such thal
only the wpper portion of ithe source Block of coating
malerial howsed within it will becoms molien while 1he
healing elemenls are active and the lower portion of (e
sowrce block will remain solid. The exscl position of the
healing ¢lements o0 the crucible will vary with the size and
dimensions of both the cracible and the souree block, as well
as wilhh the amounl of energy supplied 1o the bhealing
ele menls.

The method includes passing the com matcrial 10 be
codled upwand through fbe machined hole n e source
Block of eoating material. The source block of coating
matzrial is bocated withio the crucible and dunng operation
exists in thrce physical states: {1) solid, in the bass region of
the soucee block of coaling material where s mochined
chanmel or hole closcly fis the com material; (2 solid:
moelicn metal inerface, wheee the core matenial and e
molien melal fom the source block converge, and {3)
mohen metal from the souree block, [or coaning the cone
malerial a5 il moves upward through the crucitle,

The core matenial passes upwvaed through the machined
hake within the solid poriiaa of the source block of costing
malcrial before it comiacts Lhe molien metal that will coalthe
eore matcrial, A problem with the dip Eseming process is that
small particles become entrained an the fore materal and
form inclusions in the coalted product or conlaminate the
molien coating matcrial, This problcm is climinaed in e
subjject appacains where the closeness of fit between the core
mulerial end the hole mechined within the source bluck of
eoaling material provide a guide and scal w climinate this
problem. This seal prevents the core malerial from enlering
the vrepcible with entreined panticles thet may resoll in
incluzions (n the costed product of conlamination of e
mollen metal used o the coating process.

The pror arl has silved the pmblem of small parlicle
entrainment by use of 2 bushing member 1o seal the eolrance
porl for the core material. Use of such a bushing me mber has
intrdueed resr problems with the pmcess. The dip fomring
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provesses have requived thatl the Bushiog member be of
diferent composition then the mohen metal as Jescrbed in
US. Par, Mo, 3,243,587 and oiber U5, Patems referenced
therem.

The vlosencss of il hetween the solid porticn of the
source block and the core material is intended 10 sorve Lthe
purpose of the bushing uscd in wbe prior an. The fir shouwld
b close enough W remave srnall padlickes that may become
cnirzined on the core matenal and close coough 10 prevent
the molien metal from emenng the hole 1o the sourse block
whike the rore material moves throogh the dip form pro-
cessing appardius, but mol so Clese ws o hind the vone
matenial within the sourcc block,

When ihe bushing has o different melal composition
relative 1o Lhe meetol that & wsed to coal the eore maleral, the
inlegrity of the process is al risk, Reaclive melals, such as
titamium and zireonium, readily dissolve other melals, Reae-
tive melals used e cosl the core material may dissalye the
bushing on conlaot and may compromise the sineetucal
inlegrity of the crucible, The ushing otherwise ¢fects the
structural amegrity of the crucihle by being subject mw
physical wear by the moving core meterial. The bushing
member iz embedded in the vessel or crucible botiom and
thus affects the abality of the cracible o bobd molien metal
ower ime. When the bushing member breaks doam i the
presence of reaclive melals il becomes 1 new source of
inclusiong on the core malerial aod 2 new sowrce of cone
taminaticon o the coating mawnal.

The present apparatus and meihod aveld problems with
the buszhing by wsing the closzness of fit between the core
maerial and the source block of coating meterial W preven
entrainment of small patticbes on the core matenial. Close-
mess of fit couplad with steady movement of the core
matenial through ihe appariius prevenis the molien metal
coating materiel from leaking out of the crucible.

OBIECTS OF THE INVENTION

The primary ubject of this iovention s o provide
mecilwnd for inercasing the diameter of core matcrial that docs
ot require & bushing member 3t the entrance port of the
crucible in order 1 climinate the break duwn of such
members particular]ly when maclive metals are used and to
avoid The subsequent e ntrainment of paniicles within the casl
preoduct.

Another obect of this invention is W provide an appacatus
bo allow ihe elimination of a bushing member from the
enlrance port of e crucible by wiilizing 2 solid portion of
the enaung mueterial as a guide and szal an the entrence por
Eor the core matenial,

Another object of this invention is 10 hezl and mell anly
the 1op pocnicm of the sounes block material creating a seunce
blockicors matenizl interface while the Botom porion of the
goures block remains salid.

SUMMARY UF THE INVENTION

Thiz apparatus and method are an improvement For
increasing the diameter of core malenial, such as melal and
alloy wire and rods, by wse of a molen melal pool, The
mieitwed encompasses the stactup and balch, interonitend, or
conlinils operalim of coaling and casting 0 iRCresse
diamwters of core malerials, especially [or applying reaciive
metal coatings. The core material is moved upovard through
& siree hlock of coating material. The invention limineles
Lhe need for 2 bushing member a1 the enirance porl amd, 1hus,
eliminates potential contamination and molien metal sealing
poeoblems due 11 bushings.
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Diiring cperation the solcee block of coating malevial
serves as (1) ¢ solid ovoponent Core material cotrance
guide; {2} e solid/melicn imerface; and {3) the molicn
melal coating matecial. The iovenlion s sspecally appli-
cable for coating aml increasing the diameter of reacive
meial wire aod reds bocause ilw same composilion reactive
meizl source coating block matzrial is uzed as the wire
eotrance guike, seal, and molen meal sowree for wine
coaling. The invemiion is apphicable for cold-wall copper
erucibles (bath bontomlzss and casting eruciblas with
brpttoms), ceramic crucibles, or any other containment onl-
cible appropriate for the type of metal or elloy being mehed.
The system can be under vacuum, partial vacuum, atm-
gpheric pressure, of posilive pressure Ihal s appropriate for
the metal o alloy being melied.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. | 5 an ¢xploded view of the invention.

FIG. 2 i5 a cross-seclional view of the assembled com-
poucnts,

AG. 3} is a crom-sectional view of the apparatus duoing
opeCalion.

RETAIN ED DESCRIFTION OF THE
FREFERREL* EMBOMMENT

The component confipurmtion in FIKG, 1 is an eaploded
view of the prelerced embodiment G oan apparalus 1o
inereass the diameter of metal and alloy wire or mds (“core

material™) by passing the cor matensl thrmugh molien

mwetal The dip forming apparaius DFeoisss ol 2 aucibils 20
thal iz a hollow, sepmented waler-cooled copper crucible.
This panicular emhodimen includes water chanmels (oot
shown) through wehich weater cireulaes within the crocible 1o
assisl wilh remperatiuce coateol. However, the apparatis and
method are applicabls 10 dip torming poocesses 1hal doo oot
ulilizge water-coolsd crucibles of vessels, The crucilils 20
shown in FIG. 1 s tapered from the botlom ol the crucible
2ib iy the Lo such that Lthe circumferenoe ol the opr s smallar
than the botom cireumlerence, An ioduclion eoil 22 is
wrapped around the outer surface of the upper portion of ihe
crucible 20 A sowrce block of coating material Mg shoyn
beosath ww crocible 20 and during operaton of e dip
forming process, the source hlock 30 is contained within the
crucible 24k The shghtly larger botiom circurmfarence wela-
ive o lop cicumlerence prevents the source bluck material
20 from being lifled out of the crucible 24,

The ervcible, vessel or receplocle 20 shipe may also be
reclangular, sphencal or anoher shape. The main concern
should be tha the sounce block M caonot be lifted up and out
of the crucible 20 during operation. [n additdon w the
criable restcaimt, & groove 33 amond the bowtom end of the
sowrce blocl M locks into 2 brackel 46 on top of a plate shelf
42 at the 1op end of the chamber 40 30 s2rves 10 hold Lhe
sonrce block of ooating material i place. Inohe preferred
cmbodiment the plaie shelf 42 and breckets 46 form e
cantinuous piece. However, the brackels 48 may be separale
from and moveable upon the plaie shelt 42, Wilh such a
grocws 32 and brackol 46 relationship, the top circum leronce
of the crucible 20 does ot nead 1o ke smaller than the
battom circumterence im order 1o retain ihe source bleck M)

Lowated beneath the sourcs Block 30 is a botlom chamber
4irthat bouwses ihe core malerial 44 1o e coated. The crucible
2ib has o tlange 24 af 1ts liaver end. This Barge 24 mates with
a bolom chamber 40 seetion Dange 48 in line with a plaie
shelf 42 conlzining a ceoter aperiure 30, The plale shelf 42
i a separae crimponenl from the bodiom chamber $if For
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cage of maioterance and ascernbly anid is bolted o the
botiom chamber #k The cenler aperure 5 allows the core
matenzl 44 1o emer the crucible M0 from the chamber # into
o machined hole 38 in the souwrce Dblock A0 of coating
matenial,

The preiemed embodiment wses induciion cmls 32 a5 a
beating mechanmm [or the dip Boroning preowcess. However,
this apparatus is amenzble to the uwse of other heating
meibods such as glecicon beam or plasma melling devices
being similacly siualed, bul focusing down Dol (e Llop ol
the erucible 2. The prefecred embodiment also nses a
segme nied walsr-cnnled copper crucihle, The apparatus may
include the use of casiing erucibles with bolloms of a
botlombess cxramic crucible for ease of operalion aod w
refain the source ralerial Mk The apparatus is also amenable
1o use wilh crueibles thal do nol require walsr-cooling such
a5 Yiirium oxide couoibles with a (ngsien layer.

Syslem semp: Referring 10 F1G. 2, a source block 30 of
coating matenial has a circumfarence larger than the circum-
ference of the top of the ceueible 20 The source block 5
entzrs the coucible 200 thoough the base of rhe crucible 20
where the circumfersnce is larger than hal of e source
block 3¢ This arcangerment provents the souree block S
from being lified om of 1he cracible 20 duing cperation. The
source block 30 has a hole 38 thal is machined 1o the size and
shape of the core material 44 10 produce o dlose oheraoce 1
hetween the source block hole 38 and (e particnlar coree
malcnial 44 to be processed, The source block hole 3% oeed
oot exend the eotire length of the source block M because
the upper portiog of The soure blek 30 will became molien
allowing the core malcrial &4 o be casily pushed through the
crucible 20, The core materizl 44 is cmbecdded within the
sowrce block hale 38 The source hlodk 3 s positioned
within the crucible 20 such that when the induction cls 23
arc aclivated, the upper part of W sourcs lock 30 will mech
o foorm @ mcdten melal region exending from the (op of the
sirce Block we the upper ponin of the smbedded one
materizl 44, The upper portion of the cmbedded core mate-
rial 44 is then swrrounded by ihe mollen melal within the
sirce block ss the molien mew] Glls the zap berween the
source block M and the interior of the crucible 2.

Once the sowree block 30 s positioned iaside 1he coucible
20, brackens 46 attached w the plate shelf 42 arc inserted into
a groove 32 of the sowrce block 30, The crucible 240 is
secured o the chamber 4 by connecting Hanges 24 anid 49
on the crucibls 20 and boltom chamber 40, The core malerial
# is contained within the chamber 40 and a0cnd is loscned
throueh the plate shelf aperiore S0 and indo the bole 38 inthe
source block M. An eppropriate upvard force is mainained
on the embedded core material 44 by commonly availablc
gingle or variable speed drive rollz, pinch ralls, ar equivalent
eechamisms 60 loceied within or duside the botkem chem-
ber 4. The wpward Force is maimained at a level what is
sufficient o drive the core material 44 uwp aod oul of the
comtainment crocible 20 anee te core material 44block H
inlcrfacs becomes melcno-

Operation: FIG. ¥ mmore clearly shows the inlernal con-
figuration of metal phases whilke the dip form process 15 in
operation, The iodustion ¢oils 22 are positioned oulsick the
crucible 20 so that the top padion of ihe source block M iz
heated. The dip firm processing apparatus Dk s configueed
s0 thal only the wupper portion of the soures Block 30
becomes molten while ihe lower portion inlentionally
remains snlid. As Lhe wpper pration of the sowrce block
becomes modlen M il lows dewn arownd the oulside of the
unmelied portien of the solid block 30, This melting and
subseruent Aowing around the unmelizd porion prvduces a
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solidified layer 36 that confoons to the inner surface of the
crueibrle 2 The salplifled layer 36 widens the base of the
sowrce block M and Funber prevenis the source block M
frovmr being lifted cwl of fhe cowcible 20 should (he oore
material 44 become siuck w the source block M)

The choseness of A between the core matenal 34 and the
hol: 38 in the sourct block 3 prevents the molten metal M4
from Ealling through the aperure and inlo the chamber #)
Molten metal s fher prevented Trom (alling thmough the
hole 38 in the source block M by initis]ly positioning the
core matenial 44 5 far into 1he source block M as the hole
28 extends. An upward force is naivtained on the core
malzrial 44 by comventional means such as e pinch roller
system 80 to facilitate the initial push through the mwalien
melal 34 once the interface between the source block M and
the core matcrial #4 becomes molen. This vpward mowe-
menl will rend o keep the molten metal 34 fom eotenong
into the space occupied by (e embedded core material 44
As the molien region M bocomes established and cncom-
passes the core material 44 and soures black 3 interfacs,
the core macerial 44 proceeds through the molten meial
region 34 of the mell, molics metal 34 from e melt
solidifies oo 1he surfsce of the cors material 44 forming &
coaling which increases its diameter, The speed alwhich (he
core material 44 travels theough the molen metal 34 s
varwrd W allein the desired increase o diameter

The systern B leege enongh Wy Tavililag ronlinuous charge
feeding and cominuous coated core matsrial 44 withdrawal.
When rods are o be coated, the process may be balch,
intermattent, ar condiouous limited anly by the kength of eod
0 be coated. The coated core material 44 is collected at the
top end of the dip Exrming apparams 1l by conventional
means such as a pinch collecsystem or drom asembly tor e
ciriled product T The whole sysiem can be wnder vacuom,
partial vacuum with an incrt atmosphere, or atmospheric
pressure depending oo the type of melal being melied, and
can bt mun ornumuowsly, intermitemly, o batchwise.

Wihat is claimed is:

1. Apparales for dip fomoing process, comprising:

1 hollow receplacle that is open 21 both ends;

1 boltom chamber housing a core material That is 2 melal
o alloy wire wr el b e coaked where ssid boliom
chamber is positioned below and fastened 10 said
holknw receplacle:

1 s0lid source block of melal coating malerial posilioned
insicke said hollow recepracle said solid block of melal
coaling material having a hole mechined therein of a
size amd shape o closely fil said core material 10 be
eodled ad where said core matenial extemls directly
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from sail boitom chamber ioto the bole machined in
zaid solid block of metlal coatiog nyaterial;

A means tor securing said solid block of meal coating
malcnial within said recepracie;

o means for heatimg an wpper porticn of sud ceceptacle
such thal an wpper pontion of said solid block of meal
coalmg materal thersin will become malten while a
lower portion of sawd solid block of metal coating
matemal, will imeationally emain solsd; and

1 means for moving suid core material from said bottom
chamber inke said bole machined wilhin said solid
block of metal coating material,

2. The apparztus of elaim 1 wherein said maans for
heating an upper poction of said moeplacle s an induction
coil,

A The apparatus of elaim 1 wherein said means for
heating an wpper ponion of sad receptacle is an eleciron
beam.

4, The apperalws of claim 1 wherein sail means [or
heating an wpper portion of sad recepacle 15 a plasma
heating device.

% The apperatus of claim 1 wherein said means for
moving suid core malerial is a single or variable speed pinch
roll.

. The apperatus of claim 1 wherein said means for
moving said vore matenal is a single or variable speed die
e mbly.

7. The apparatus described in claim 1 whercin (he meaos
for sccuring said solid block of metal coating, material within
said rereptache it o3 plate shell having & hobe defined there-
through and aligned with said machiosd hole in said solid
black of metal coating material ; and

2 groowve surrounding a lower end of said solid block of
melal coaling matersl whers saud groove s cooplad w
w brackel located on sail plale shell.

&, The apparatus deseribed in claim 7, further comprising:

2 roller asscmbly 1o colleet said core matcrial at the 1op of
said receplacle after said core materizl has been pro-
vesserl.

%. The apparatus of claim 8 wherein said mller assembly

is 1 pinch roller system of drum assembly.

10. The spparanws described inelaim 1 whersin the means
for secuning said solid block of metal coaling matenal 15 a
smaller upper receplaclke perimeler or circumtzrence relative
o Lhe perimeter of cireumbencnce of said solid block ol
mela] poating makerial.
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