.o ( ~
2135616 -1--CONTI NUOUS EXTRUSI ON OF METALS TECHNI CAL FI ELD This inventi %n@, )
relates to_an apparatus for effecting continuous extrusion of netal fro

5Y feedstock in particulate, comminuted or solid form which I 5

i ncludes:’- (a) a rotatable wheel nenber arranged for rotation \/\2%@5‘: lfﬁ
operation by a driving neans, said wheel -nenber, having fornmed peripherally
thereon a 10 continuous circunferenti al grdﬂVé; (b) a cooperating shoe
menber whi ch extends CONTINGCUS EXTRUSION @MMETAIGbst antial part of the
peri phery of said whe I ch has a portion which projects in a
radi ak_direction part?%cégigﬁii§§g§Qﬁhd groove with small working cl earance
fromthe side walls of said grdvis bwentsivse nedaides For enoapparabiagforth

the walls of said grogrfe@tiBfdOSETh AP AANAS 194 @RdnBYati #eurf grential Iy
of said wheel nepber;: f eedst ock i.nl et neaﬂs disgosed

20 : .
at an inlet end 8f saf8eP3ERetRPETH & in GBI PUTE8K OF 0S8h ik FR5Ry
passageway at said i miiefclkensppdwarniy irmelwdemngaged and carried frictionally
by sai d wheel nenber, when rotag] t t 0S| o] end
of said passageway; (d) an_abutﬁ%ﬂg%ﬁgﬁgg%ﬁg§?SPé o%eggfa g&%ghﬁégbg?rand
projecting radially inetRtioR hendgewneration dYoa: Aeivéng maareofsadd as
to substantially cl osghéel dndabsAGPAIrdhRid e ipadrbherebieraprde 30
t he passage of Lgedstockt rictionall arried.in said groove by said wheel
member, thus crédting®Sh ?9%&i?ﬁf?ﬁ%§éﬁﬁq§%ﬁ+ &P8VFdssageway at said
Qutlet end thereof; and (e) a d() nendmopermtring shoesaiedbsitoeh3bh exhender
and having a die o i f§gecReata: {401 S Shei 3 3BeUnR1 a3 pdr 8UbE CEnEN
t hereof , through whic :
. periphery of said wheel member and which has a

portion which projects in a radial direction partly
15 into said groove with small working clearance from
the side walls of said groove, said shoe member

portion defining with the walls of said groove an
enclosed passageway extending circumferentially of
said wheel member; = | '

20 ~ {c) feedstock inlet means disposed at an
inlet end of said passégeway for enabling feedstock
to enter said passageﬁay at said inlet end whereby to
be engaged and carried_frictionally by said wheel

\_ _ member, when rotating, towards the opposite, outlet

25 end of said passageway;

| (d) an abutment member carried on said shoe
member and projecting radially into said passageway
at said outlet end thereof so as to substantially
close said passageway at that end and thereby impede

30 the passage of feedstock frictionally carried in said

| groove by said wheel member, thus creating an
extrusion pressure in said passageway at said outlet
: end thereof; and |
-  (e) a die member carried on said shoe

35 member and having a die orifice opening from said

passageway at said outlet end thereof, through which



i fice feedstock carried in said groove and frictionally conpressed by
rofatdon of said wheel menber, when driven, is conpressed and extruded in
(Wwous form to exit from said shoe nember via an 5 outl et aperture »
an ‘envi ronnent at at nospheric pressure. BACKGROUND ART Wiere feedstock
in [oose particulate or conmnuted formis fed directly to the inlet end of
10 sai d passageway, certain di sadvantages present thenselves, as wll be .
evident fromthe description that follows Iater. The present invention

seeks to provide a continuous extrusion app&fatus in which by appropriate
means and measur sy { Bose fbsasa0k 0esr1d? 1n §804b rodvacapd mUigated, jf
not avoided. DS URE OP_ | NTI ON According to t resent |nvent|on\*
sai d feedstock |nf§%cﬁéﬁﬂ%l}% %??353%%e¢0?yf§%ﬁﬁﬁb°a Qf reakd orhesdbse

particul ate or cosembef piviieedds Dedn 20is coipressydt and bt wd &d nnd of

Gounstroam i rom sapneFRpard cRARRY B, $RPRCERS, dot6, REGY, ARRER T oLT A0

sai d part i cubat e outletmaperture cbateo oz ¢vvinopeertdat bytmesphenic of said

wheel nenbe?pgsgﬁpgre33|vely elimnate voids in the advancing
: feedstock and so orn1an aggl onerated mass of feedstock nmetal, and an
adj oi ni ng second &Led downstream of said prinary zone and

extending to said d|e ori fivWikerénfebdsbosiecondboysd0part zoukatai ¢ir nass of
Benr oot ronsor AFRLRERIRIESER L Yol AELIORP' bl R BRSO 0
said die orifice said passageway, certain disadvantages present
themselves, as will be evident from the descrlption
 that follows later. The present invention seeks to
provide a_continuous_extrusion appafatus in which by
appropriate means and measures those disadvantages
15  can be at least mitigated, if not avoided.
'DISCLOSURE OF INVENTION o
Accordihg to the present invention, said
feedstock inlet means is arranged for feeding a
N stream of loose, particulate or comminuted feedstock
20 dlrectly to said inlet end of said passageway, and
eaid passageway comprises a primary zone extending
dovnstreanm from said inlet end of said passageway, in
which primary zone said'particulate or comminuted
feedstock is compacted, by'rotation of said wheel
25 member;to progressively eliminate voids in the
' advaneing feedstqck and so form an agglomerated mass
' of feedstock metal,'and_an adjoining secondary zone
disposed downstream of said primary zone and |
extending to said die orifice, in which secondary
30 zone said mass of metal is progressively compressed,
by rotation of said wheel member, to a desired
extrusion pressure sufficient to extrude said mass of
metal through said die orifice,

U




-3- the radiral depth of said passageway being substantially unchanging in

said primary zone, and decreasing gradually in said secondary zone in tt
di¥ection of rotation of said wheel nmenber at a 5 relatively high raf
such as to produce in that zone a netal flow pattern nore closely
resenbling that which is achievable with feedstock in solid form
Preferably said shoe nenber portion is constituted in said secondary zone
by an insert which 10 i s renmovably securedﬁﬁ1sald shoe menber, which
extends circunferent gabl ¥Yadpglr Rremsaid gud FRjdieg MhICh

I ncorporates said die nbe which has a surf e faC|n t owar ds
bottoﬁ?%f sai d groov@?ggﬁﬁﬁﬁi§g£¥a%%phinﬁﬁﬁﬁmﬁpt%F{E: @9ﬁ§’ aﬂ§e5|red
gradual decrease in dadradsieptgraiushlyl mssmghvsaa}corrdm ctoa'mccmjetmye zone.
Advant ageous! y, said Of #S f.ace

Advant ag y dﬁ?%&%?gn Bf @6{5’4{‘?&‘ ﬁ“é’%%{tomo fod S 1o

inclined at a small an groove 20
Preferably, sai8 pl aRelatiivate 1%8111 2 fheeh a8 sen Pradpee sh!bﬁ%tz‘)tnﬁe

ratio of the area of asabdaabmawngaﬂwmrm@wmé e P m U AR
extrusi on pressure t

o,th -sect. Q of sald sageway at
the upstream entry gH% Efl§a?‘ ﬁ%va e‘f:’o%a# dz%atr%alf s"%tﬁ?ét"a?gtafé'lqu equal
to the ratio of 'the apparent danfeyanytsmdaimmm eramipi camiics

secondary zone at Sabﬂn@@&%ﬁt@&di%hﬂf?@fsé@oﬁ ybr'?grﬁ)r{ Q%W%ﬁ%‘h‘j
fully conpacted feedstock | acent sal ut ment
In gne preferrd® arréﬁgéﬁ@ﬁt’abgﬁl gegrasd %%rﬁ%’cﬁs ghog rﬂ*ﬁ”ib% é‘[hléﬂbal d

a}l’gl e such that the aatdnaseaméuﬁﬁeﬂembmmtummm efrons eh I ahitthent

conpressed netal is apRpax! npEelY PRESrpdfatdl %atd die member, and which
has a surface facing towards ti.e bottom of said
groove, which surface is shaped to provide the

15  desired gradual decrease in radial depth of said
passageway in said secondary zone.

Advantageéusly, said surface of said insert
comprises a plane surface inclined at a small angle
to a tangent to the bottom of said groove.

20 Preferably, =said plane surface is inclined
at a said angle such that the ratio of the area of
said abutment member exposed to metal under said

i,; extrusion pressure to the radial cross-sectional area
of said psssageway at the upstream, entry end of said

25 secondary zone is substantially equal to the ratio of
the apparent density of the feedstock entering said
secondary zone at said entry end thereof to the
density of the compressed, fully compacted feedstock
lying adjacent said abutment member.

30 In one preferred arrangement, said plane
surface is inclined at a said angle such that the
said area of said abutment member exposed to said
compressed metal is approximately half the said



-4- radial cross-sectional area of said passageway at said entry end of
econdary zone. The aforesaid shaping of the said surface of the said
pirber portion assists in reducing 5 (compared to ot her .
arrfangenents not having the present inventive features) (a) the redundant

ne on the feedstock, (b) the anmpunt of flash produced, and (c) the
bendrfhg nonent i nposed on the abutnent nenber by the netal under pressure

| yi ng 10 adj acent its upstream face. Furthernore, the choice of a said

pl anar working surface for the said insert~4esults in a reduction (conpared

to such inserts %di@yléwo%@nmﬁlaram Wﬁ%aﬁl&rfp%“s@agéizéf‘%ﬁ%t of
maki ng 15 that _ipsert rRPfg‘ﬂ fg foJ4 her features and™
advant ages of thes?fp YPY t9 ISeEANAATH fﬁ?rﬂeor readi ng of the
description that follows hellsafdforesaid fehmpinge of dhe saidemied atie t he end
of that descripti el {

extrusi on appar at&u)fél ek?w%osdz ﬁ%@%ntpﬁrﬁﬁw C% %}1 Ceo%uéd'gl r| bed
by way of exanpl el compane t@f@m@nmng@mmww@nﬂ ddveanmat i ¢

draw ngs in whi C"ﬁ(reé@nt iaventive f‘ed.:thﬁ*lar Shows %é@ﬂid@nt VR cal

cross- section taken thro ess i k| n rt the appar at us,
t he pl ane of that %’é%t‘?’bnli'g% éﬂf e@) \r,ﬁ’ﬁ (ﬁ?%é‘p ashoi qure 2
shows a transverspr&hndedanaénd/l(ec/\) Hhe bdraidetg arondre; sifnqtdsml ioritdad ed in
Figure I at Il- 1y f 0l £Snehidld vy SV ddb et d¥i? prdeiife lying

10 ad jacent its upstream face. . s
Furthermore, the choice of a said planar
working surface for the sa_ld insert results in a
reduction (compared to such ins'erts not having such a
planar working surface) in the cost of making

15 that insert..

- Paée 6 follows -



v

simtar to that 'of Figure 2 two arrangenents which are alternatives to that
of Figure f? Fi gure*5 shows a schenmatic bl ock diagram of 20 a systen1
efbodyi ng- the apparatus of the Figures 1 and 2; Figure 6 shows a graph
depicting the variation of a heat extraction rate with variation of a

cooling water flow rate, as obtained fromtest®-on 25 one apparatus
according to the present inventgfas égﬁﬁ¥%§7dﬂa %d%@ﬁ*hgbg 3Ee§§93|n1lar
to that of Figure 2, various modi fied forns of |ncorporated

in said apparat us: anﬂr$$§ﬂﬁeéqxﬁ%ﬁﬁﬁ&swﬁ¥+z?RH%%N ’RPI&rr?B dipgio8othe of
Figurg 1, a nodified doserDptidie apparedliowshdwreaftielts Bnguresmlthad 2.

MODES “OF CARRY! NG CUT T th
apparatus there shovvn %ﬁ%%@gﬁﬁ\# %eg %rk{é \flﬁdn%\é‘ gt?la@ qg%g‘?l%’jggvvh ch i g
carried in bearifgs (BRIEENDRBORIPTION QR BRAMINGS ough gearing (not shown)
to an electric driving notor (ngie qusasexttq.u@qogr% arwiBgR i n

operation at.a sel ected sgeed within the ran e % %ou h re tgr
speeds are 5 possi BPEPIYIRE Whe PTeRSHEL qu%??%ﬂﬁn&iléraﬁ d FFﬁﬁ ry
a groove 12 whose r adbpl way 058 - excap o drsd dammtr@deﬁenlélegmbetﬂe The deeper

part of the groove ha§68§é3£#§i gn@f%égaiﬁéﬁﬁ; égy %%t iW%Lh a 10

radi used bottom surfa converg art 18 of
said groove is #8fined by oppos?i&#@ecﬂr%hﬁ%ﬁjQrﬂﬁﬁkﬂlooﬂefﬁﬂcg r f5688-20,

22. Adstaglonary shoeggey8h Fék@?r€h§$$§H1ﬁhé(éﬁﬁéﬂﬁﬂéﬂ widirk 1 AG 9&&Q?d§£
T E bt G PR N G R TR LA
indicated in Pigure 2 at I-I;
Figure 2 shows a transverse sectional view
15 taken dn the section indicated in Figure 1 at II-II;

' Pigures 5 and 4 show in sectional views
similar to that of Pigure 2 two arrangements which
are alternatives to that of FigureIZ;

Pigure 5 shows a schematic block diagram of
20 a system embodying the apparatus of the Flgures 1
and 2;
Figure 6 shows a graph depicting the
variation of a heat extraction rate with variation of
a cooling water flow rate, as obtained from tests on
25 one apparatus according to the present invention;

' FPigures 7 to 9 show, in views similar to
that of Figure 2, various modified forms of a wheel
member incorporated in said apparatus: and

Figu;e 10 shows, in a view similar to that
30 of Figure 1, a modified form of the apparatus shown
in the Pigures 1 and 2.
MODES OF CARRYING OUT THE INVENTION
Referring now to Figures 1 and 2, the
apparatus there sh@wn includes a rotatable wheel
35  member 10 which is carried in bearings (not shown)

\_/




retained in its operating position as shown in Figure 1 by a w thdrawabl e
nher 28. The shoe menber includes centrally (in an 20 - axial

on) a circunferentially-extending projecting portion 30 which ¥
prop€tys partly into the groove 12 in the wheel nmenber 10 with snmall axi al
ansver se cl earance gaps 32, 34 on EIthEETSIde That projecting portion
30 is constituted in part by 25 a series of replaceable inserts, and
conprises a radlalIgnmlamupknﬂaﬁhnough gﬁaﬂxng:iaptamh@bmﬂnﬁntaaupport 38

downstream of the apy W %amaie& bl RPK o %Q»Xd)“g%f RY %' B 83iven

extrusion die 42) ups rean1 but ment” nmenb
wear - r esi sting 30 Whﬁ%n%@romm?%ﬁkﬂﬁeﬁﬁn%ﬁSQ%ﬁQ$Qﬁ(§Hﬂe§cwlthw§sﬁhéanlof  he

nmenber 44 an integraangatoytdazo KM of tHdiges e dRit&pet@®plagiees an arcuate
passageway 48 ich ex egg%garound t he wheel nenber froma vertically-

ori ented feeds?ock PPFRt sage 50 di sposed. bel ow a 35 f eedst ock hopper
52, downstreamas far as the The)mhéeibeneiﬂbexf hdee ﬁdmnerderatrmﬁbdrbs% That

passageway - 8- h sest ' '
defined by the annuﬁarfgﬁéﬁg 4 and i#Q%%gﬁéng ace ng %?ﬁg% F%ove
12, and the inner s@??b@ﬁe@61%fF%&%*% d CEf rdae Ry thast 3F 5metH€°§N8e 5

menber 24. The Sal dhé@u ﬂpﬂlwpmuﬁ&- §11cfb§3|1QPKth41(bh wee-g&wqrm arcuate
menber 44 are S|stant netal , €e.g.

u
hi-gh- speed t o steEP‘giuﬁﬁ& bb 800k £ flé‘“l’ he s ot e #F8°%% provided with .
‘an outlet aperture SBnMrgentsmmtlgnww & cafcsmrdesglmujnengsa;derﬂimed oy ——

brbnees 1 (5. o "Bkt RELh) PSHRL AER Ll it Wi o
stat1onary shoe member 24 carried on a
lower pivot pin 26 ext-czds around and cooperates
15 closely with approximately'One quarter of the
' periphery of the wheel member 10. The shoe member is
retained in its operating position as shown in
Figure 1 by a withdrawable stop member 28.
The shoe member includes centrally (in an
20 axial direction) a circumferentially-extending
projecting portion 30 which projects partly into the
groove 12 in the wheel member 10 with small axial or
transverse cléarance gaps 32, 34 on either side.
That projecting portion 30 is constituted in part by
25 a series of replaceable inéefts, and comprises a
radially-directed abutment member 36, an abufmeqt
support 38 downstream of the abutment member, a die
‘block 40 (incorporating an extrusion die 42) upstream
of the abutment member, and an arcuate wear-resisting
30 member 44 upstream of said die block, Upstream of
the member 44 an integral entry part 46 of the shoe
member completes an arcuate passageway 48 which
extends around the wheel member from a vertically-~
' oriented feedstock inlet passage 50 disposed below a
35 feedstock hopper 52, downstream as far as the front
face 54 of the abutment member 36. That passagéway




15 - T -On rotation of the wheel member 10, comm nut ed feedst

admtted to the i.nlet end of the said arcuate passageway 48 fromth
52svia the inlet passage 50 is carried by the noving groove surfacefs
wheel menber in an anti-cl ockw.se 20 direction as seen in Figure ng
the length of said arcuate passageway 48, and rﬁ*agglonerated and- conpact ed

toforma solid slug ofe§ohabagleup shdaldbcisshl G o b eeO¥aEupgCt! 2 Of

t he passageway adjacent sald die b
continuously urged undf® gredt bpr el Arnulkar fid %I“@jé@utﬁeﬁpdn@ﬁﬁéPmby t he
frictRonal drag of thesmafwe 06 oop etiseirg et 1Ehatandr edeUianes Suttasbess

to ext}ﬁde t he net al of o f4.ce of .the extrusion die
and t hereby provide an® ex d%%i'goé&(?}’&?p% r%r{dj(f V\fﬁ"@ﬁ isggﬁes t hr ough
the apertures 58 &nd GDemherh%4shoe menber and die block. 1In the

particul ar case, the output prodpgs é:Qermﬁsménbrdemﬂe:cgrspeal\eﬂ moe{fOQsced
fromsmall chopped pleces of wire which constitute the said f

A water pipe 62 secure@i8rH8ndnd ATFHARES membary 4 %ﬂﬁeaéﬂo@aﬁénﬂgrsEitﬁH§y
an exit nozzle 64 posi haddgdwear-sesidtshomdtel s, de gqaf hiilgh-sheedneober
that |ies adjacent the ?h g% menber 10. The nozzle is aligned so as, when
the pipe is supplled oling water, to direct a jet of water directly
at 5 the downdfream parts of The sibee menrbemniserprovdded wilthesni nushdt

abuts the groove 12 '“ag\,ﬁt%@@eés'ﬁ@&{ 19-a1l; d t»h%ht 'aPc% rbggoha?ﬁ end
&d;be abut mrent nenber I's Jeneraled

ere ip_operatjon nD
t he adj oi ni ng surf &88E® BFetaQ gﬁ@ﬂﬁ difn ¢ 9&9&%%"%99? gnd % gough
directly cooled by thewhiow therepveided owtmit meyall fﬁ'dd‘ﬁbtdlsne((heg a
towards them The die Q 8%5 49 ef PLON fﬁg orfgl t§¥r¥%e die 42 emerges.

15 On rotation of the wheel member 10,

) comminuted feedstock admitted to the inlet end of the
said arcuate paséageway 48 from the hopper 52 via the
inlet passage 50 is carried by the moving groove
surfaces of the wheel member in an anti-clockwise

20 | direction as seen in Figure t along the length of

said arcuate passageway 48, and is agglomerated and
compacted to form 2 solid slug of metal devoid of
interstices in the lower section of the passageway
adjacent said die block 40. That slug of metal is
continuously urged under great pressure against the
abutment member by the frictional drag of the moving
groove surfaces. That pressure is sufficient to
extrude the metal of said slug through the orifice of
the extrusion die and thereby provide an extruded
30  output product which issﬁes:through the apertures 58
and 60 in the shoe member and die block. In the
particular case, the output product comprises a
bright copper wire produced from small chopped pieces
of wire which constitute the said feedstock.
35 A water pipe 62 secured around the lower




wat eF—passages (not shomn) and a supply of cooling 15 wat er for

enyel gphng the output product |eaving the die and extracting.some of the
be ng carried away in that product. But no such internal passages are ¢
in the abutnent nmenber. Thus, the strength of that nenber is not
reduced in the 20 I nterests of prOV|d|ng I nternal water cooling for
cooling that nenber. If desired, the coollngﬁof t he apparatus may be

enhanced by providifg &f%&@bﬂ@é Hent¥d M Hed GR Quglh hLBS N@pREr 52 so as.

to feed sone, 25 water 1nto the said arcuate gassa geway 48 with
t he commi nut ed feeﬁ@%b’%’:@n?% 3k ﬁ‘i}{ﬁ@ »n tihe fige ﬁp&éﬁédmﬁﬁpar |*n

the extrusion zone;ipght acesd ddipadhnfs HHEWh‘HélI axelmwrcamd ghebfozklem t
nmetal slug, the out ut, 30 roduct qéiruded throu usi on d|e

42 by the pressuret?retHERedqre. asrha"fhepﬂ LR ER 45 3 ?ltic?‘ae%"%{}de sone of
the nmetal through ¢dn@lismgd'tab<efal ) ddireede ggdps 37 amdeP4dbeeaddy ahe side .

valls of the groovenangoliies{Sapeplite MPATN WoultidAC FRubler3 35he*e gg die

bl ock and abut nent e extru ra uaI ui | ds
up in a radial di rbies okt tang AEHES (iR FPAE distdd Feeavheel "flash" I'n

order to prevent tRegBeMefde SIHUPS THOWIYW dOGHAfGR e @nlaarad'l ghand
control, a pIuralltg of transverse I rected teet t 7% %g g gred on
the divergent wal |8P9EReBY BERREF {ﬁhﬁpqthBQHﬁ§%¥%Q? Mo&t°h 18 *8Ff LR gr oove
12. Those teeth aresugeﬁermtgdbpmmdmkha(nnubnﬁungMaﬂﬁfamembeﬁ thiee wheellh on

one of Lhe uRbl S BELDGes! S0PELANPAR O ey TERANINITHECHIOL0 | O

t he opposite wall on o ternatlvely be
st agger ed reIatlvetbQPQ@Y?ésiiﬁwﬁ?ﬁfti%ﬂ#l?ﬂ?tlﬂ?(ﬁ#ﬂﬂcﬁﬂﬂItOW&P 8

then.

The die block 40 is provided with internal

water passages (not_shbwn) and a supply of cooling

15 water for enveloping the output product leaving the
die and extracting some of the heat being carried
away in that product. But no such internal passages
are formed in the abutment member. Thus, the
strength of that member is not reduced in the

20 interests of providing internal water cooling for

| cooling that member. '

If desired, the cooling of the apparatus |
may be enhanced by prov1d1ng cooling water ~/
sprinklers 65 over the hopper 52 80 as to feed some

25 cooling water into the said arcuate passageway 48
with the comminuted feedstock.

‘ In the Figure 2, the slug of compacted
metal in the extrusion zone adjacent the die block 40
is indicated at 66. Prom that metal slug, the output

30 product is extruded through the extruéion die 42 by
the pressure in that zone. That pressﬁre also acts
to extrude some of the metal through the said axial
clearance gaps 32 and 34 between the side walls of

_ the groove and the respectivé opposing surfaces of

35 the die block and abutment member. That extruded



I n operation, the inclined surfaces 72 of the die block 40 deflect the .
extruded waste strips 68 15 obliquely into.the paths of the respect}
sets of noving teeth 70. Interception of such a waste strip 68 by a
tooth causes a piece of that strip to be cut or otherwise torn away fr
the extruded netal in the cl earance gap. Thus,-1ch 20 wast e extruded

strips are renoved as g gﬁa&,]bﬁ’llﬁxﬁ ?ﬁ!%!v#%fr%,;lﬁﬂoﬁqpeﬁz%gq to

i ntercepted by a nDV|ng I's pre vent ed
r eachi ng unnanageablefBFGpﬁFfibﬂs 8 9k %&ﬁ??t%ﬁi%%(ﬁf nétagbed ténbérgﬁarp,

and 25 - can be secuggdptéveny smséfméwmmwrgmlhget%e@brgenhsr 10,
e.g. kby welding. Int E ure teeth flt&ﬁd I n

are
anal ogous nanners to Eﬁﬂ r?ﬁ e°%%€¥%%e f t% n§ Tof SISt g whael
menber 10. 30 directé¢d téebtie HDta;rma&eaza‘%ir rcang:@reeldugergbatext er nal

surfaces of the V\/neel gﬁ‘geéolozgqplpngéﬁtgomﬁ]er y to 2 'd“%'o&t?xhﬁ‘@egf

surfaces of the cooperatlng shoe ne ect control of the
flash in a particul ar thesgFeaveal2: | nThose tQQRﬁuﬁ?Q3uﬁHﬁ?’PﬂisﬁPP§eéaused

tot gr ow Itndabpur el yoI arbﬁaasvnés?h@élfmemhexd%ﬁfé Imwtrd# |tonlet oifs the

intercepted by a radia pLojecting too er.eupon- at piece o

is torn away fromthe" §i¥?uéﬁé ébﬁp?§F4rﬂ?Qﬂﬁﬁﬁﬂaa d COTEEPRNE 1§§pteg%ﬁ

I'n Figure 4, theOfIasbn|$heaappdstbegwam14r1EﬁldﬁﬂJTﬁﬁa(jhme¢ae¢m cas oine t he

case of Figure 2), bu&aF§ h%%eﬁfﬁgLE%&£Wé%f (é%}gg&ﬂggyét&%gl%lly from
ious r

tﬁg/surface of the whee ons that wll
Nater, 10 it may -beogespPaniingotedtieromctre sAHRAT MR ll-eat the extru5| on

product (Wi re 61) issuing from theosora t 1o USt e il idfbda Rivdralces deseri bed
above in an the die block 40 deflect the extruded waste strips 68
15 obliguely into the paths of the respective sets of
- moving teeth 70. Interception of such a waste
strip 68 by a moving tooth causes a piece of that
strip to be cut or otherwise torn away from the

extruded metal in the clearance gap. Thus, such
20 waste extruded strlps are removed as soon as they
extend radially far enough to be intercepted by a
moving tooth. In this way the "flash" is prevented
from reaching unmanageable proportioas.
The said teeth do not need to be sharp, and
~ ' 25 can be secured in any satisfactory manner on the
' wheel member 10, e.g. by welding.
In the Figures 3 and 4 are shown other
teeth fitted in analogous manners to appropriate
surfaces of other forms of said wheel member 10.
30 In those alternative arrangements, the
' external surfaces of the wheel member 10 cooperate
with correspondingly shaped surfaces of the
cooperatihg shoe membef 24.whereby to effect control
of the flash in a particular desired way. In
35 Figure 3, the flash is caused to grow in a purely



extrusi.on product treatnent apparatus before passing it to a product

col l egtion and storage neans. 15 Moreover, it may be desirable or )
advgry eous to treat the extrusion product whilst it still renains hot ¥
fr continuous extrusion process in which it was produced. Such a
tre nt apparatus may, for 20 exanpl e, he arranged to provide the

extrusion product. with a better or different surface finish (for exanple,
a drawn finish), artransvenss @n@fialnddrestian,duatdleitoisgauge. Such a -

Lreatment appar at us, e Gl SEed by 9 4ala 11§ R, okt gl EBORAL FReroupbit™s.

fromthe sanme conti huous extrusjon product, i ni‘s eggoro uct$ of vari ouS

di fferent gauges ardter RifsE &fc aslhorlssﬁehnpﬁ’f"ﬂéfs m; hResgxETrdedt ment
apparat us may conpriétal i e sl inted @lidarange Wapch said extrusion

product is first threaded an thn r nger. _t 0,RLOVE de a
said finished product of- desm%l rané‘é gar’ial ?ﬁaggl F%’ pcﬁ’\e Use
of such a treatnentamppatigus dic etq'temn t(h?@ éxt rthe casgr odu&‘ngwoal d)enabl e
the continuous ext rwe%d#@ce% tédh%yc%’étét'ﬁu%%cﬁxb’bﬁ%b@@ #aaia18pparatus

to be retained in service |"onger riod hefor aV| ng t
di scarded because ofreMmeths c¥ARTaRe A | fdee lomemberg! Q- apert ure caused
by wear in service. MNoreover Fcﬁuofaﬁddseateminsanmltawalrmppbavelats:-QII e

i 1erent gk, 1ol bR T G PR autn REPelES e

exanpl e of a conti rnnotl@.lssmn tmrqducs!ys(mama fdor desatiingy f2omofihenuous

extrusi on appar at ”%?ﬁ'ﬁ‘ cFHOa(ei‘}Eé ratiRA TR 13282 5R0YE Wh! hnnow
eerencetot e K

be described with r
extrusion product treatme"lt apparatus before passing

it to a product collection and storage means.
15 ‘ Moreover, it may be desirable'or advantageous to
© treat the extrusion product whilst it still remains
hot from the continuous extrusion process in vhich it
was produced.
Such a treatment apparatus may, for
20 example, be arranged to provide the extrusion product.
with a better or different surface finish (for
example, a drawn finish), and/or a more uniform
external diameter or gauge. Such a treatment o
apparatus may also be used to provide, at different N
25. times, from the same continuous extrusion product,
finished products of vafious different'gauges and/or
tolerances. For such purposes, the said treatment
apparatus may comprise a simple drawing die through
‘which said extrusion product is first threaded and
30 then drawn under tension, to provide a said finished
product of desired size, tolerance, and/or quality.
The use of such a treatment apparatus to treat the
extrusion product would enable the continuous
‘extrusion die 42 of the continuous extrusion
35 apparatus to be retained in service for a longer
period before having to be — .-.-. —




10 " -.*: ‘Referring now to the Figure 5 the systemthere shown 5

i ncludes: at referenee 100 a continuous extrusion apparatus as just ‘
descri bed above and, if desired, nodified as described bel ow, the output
copper .wire produced by that apparatus being 15 i ndi cated at 102, and

bei ng drawn through a sizing die 104 (for reduc1ﬁb‘its gauge to a desired
| ower value) by a tensiogessded beyaseice tHib eNcvgad vehieallarBemehteopassss

a plurality of times before Si ng Vi C Iato_ 08 to,a._cqiler

116, "2 o8 PP Es SR by Sl ey i8R OB ar
of an el ectrical torqusuehtartidtngrt e ppmrafivshmagn heyepisei déd amadily
contrdfled by a ContrO%n&pgﬁééﬁﬂfy1ﬂ4teJZKh4é€é‘”ﬁHé%e%@SR%n§h$%1E0aﬁa) a

first electrical signal 116 deriyed romgiélt tensi on sensor Z
whi ch engages the w r e®4BBPuht PEOGRET 190 rR %/éeérf“tthegaé%&er'uﬁ"&ﬁréﬁﬁﬁr gpggor
100 and the sizing d|eqﬁaﬂitynﬁomhecﬁr¢uun@¢k§nsrhaﬁald first signal an

el ectrical signal dependent on t e§¥F§é¥%t§kt4“%&Mﬂ‘ u%%% gktgnﬁlgﬂtput of

the extrusion 30 °~ apparatus 10 econd el ectT
120 derived froma’ tenplsaemrenséhs@raﬂingvﬁuQﬁﬂﬁﬁnﬂﬂﬁﬁe§X¢W@Sﬂ@ﬂpépaﬁaﬂ§u§f

the wire 102 as it |eaygs abee%*wﬁé@npmﬂtmalmntﬂa@ @9&%3' will now
apparatus 114 |ncorporate3 a 35 ctio generg} §|wh|c
responsi ve to said sec8fd FF%ﬁbE?%tﬁ} {kﬁﬁnQQ &@Paéésat its

-13- output circdadt a third el ecnefenﬂ-mggrm& trcerirkm@ﬁ@tﬂevé,ofbhteheygtehd
RS e O T o iRAFS! fHb@h, 1hefudd bl AYY ¥Rt nnous

fefiperat ure represente Sai d ature That
third el ectrical S|gnabxtzﬁsigns&pp$f@ﬁu%sa%.T@ﬁtniﬁﬂﬁ?khqgnamoﬂs and, if

conparator 128 (al so papki®kasahdaspibd Chs APPFE A V) YL Hhe output
copper wiré'produced by that apparatus being

19  indicated at 102, and being drawn through a sizing
die 104 (for reducing its gauge to a desired lower
value) by a tensioning pulley device 106 around which
the wire passes a plurality of times before passing
via an accummulator 108 to a coiler 110.

20 o The pulley device 106 is coupled to the
output shaft of an electrical torque motor 112 whose
energisation is provided and controlled by a control

. apparatus 114. The latter is responsive to (a) a
\«/ first electrical signal 116 derived from a wire

25 tension sensor 118 which engages the wire 102 at a
position between the .extrusion apparatus 100 and the
gizing die 104, and which provides as said first
signal an electrical signal dependent on the tension
in the wire 102 at the'output-of the extrusion

30 ‘apparatus 100; and to (b) a second electrical
signal 120 derived from a temperature sensor 122

- which measures the temperature of the wire 102 as it
leaves the extrusion apparatus 100.
- The control apparatus 114 incorporates a

35 function generator 124 which is responsive to said -

second (temperature) signal 120 and provides at its



the said first (tension) signal 116 is conpared with said third signa

(yielg=stress tension). The output 10 signal of the conparator _
const"¢§nes the signal for controlling the energisation of the torque ¢
not orsJIn operation, the torque notor is energised to an extent sufficient

t.o naihtain the tension in the wire | eaving the extrusion apparatus 100 at
a 15 val ue which lies a predetern ned aneUdt- bel ow the yield stress

tension for the parjiil@rc Mdf Ata e fRdiectiralbahegRgLahure at which it
| eaves the extrusion paratus. \Wereas I n the description above reference
20 has been nmaderePresRntai v of ey iedd Bhredsolvendithe TeButRent

menber tip, jets ofpfHitidulaolwinge [MigRivken @t anen paelicngagases) couI&'%e
used |nstead. Even %ets of _a ro rlate_él i fi % %gs S n% ge used. 25
Regarding the fl ash-‘?m’\'ﬁﬂbpéjee RfSRFY eq‘dg:{’ryecy 0 |ar}%t & ?éﬂ ve description,
it should be npted {tempergia)re¢hes igrmdi.ng Tiatt ltdilrdadileg tedgel( Bignalhe
the desired 11 ash rogvi THEEETed W8 yeihoned Bugiat W50l oBaraflloR”
between the tip of BRh(alan ank il sad KAdT 20Pesetig )sinf dBéchf the
roater than 1 to o S48 SO LR Ak oo fo Sugared Reun
gppar atus; (c) the %ﬁ'nat@}i?’*éf&?ﬂ"er(y&felt]ae&tﬁe?ﬁagéﬁsé%ﬂnd 'e"géh°§itmé%of'
the wheel nenber 10sigiel sofiltles ovnpadmtdhedmytgitutesf thiel ailghalefoved by
each 5 tooth; (dloif€oifRtd {HY e lPdatlot Ve SH @%lr(aue motor. N/
. In operation, the torque motor is energised
- to an extent sufficient to maintain the tension in
the wire leaving the extrusioa apparatus 100 at a
15 value which lies a predetermined amount below the
yield stress tension for the particular wire at the
particular temperature at which it leaves the
extrusion apparatus.
Whereas in the description above reference
20  has been made to the use of a water jet for cooling
the abutment member tip, jets of other cooling
liquids (or even cooling gases) could be used
instead. Even jets of appropriate liquified gases _
may be used. ' NS
25 . Regarding the flash-removing teeth 70
referred to in the above description, it should be
noted that:- _
(a) the shaping of the leading edge
(i.e. the cutting or -tearing edge) of each tooth is
30 not critical, as long as the desired flash reuoval
function is fulfilled;
' (v) the working clearance between the tip
of each tooth 70 and the adjacent opposing surface of
_ the stationary shoe member 24 is not critical, and is
3% . typically not greater than 1 to 2 mm, according to



materi al ,»- such as for exanple, tool steel; and (e) any conveni ent
securing the teeth on the wheel nenber nay be used. 10

abi Iity of ~the apparatus to deliver an acceptable output extrusion
from feedstock in |oose particulate or communited formis considerably
enhanced by causing the radial depth (or height)4of the arcuate passagemay

48, in a pressure- bU|Eg%ngpgélflczggglgglgf tﬁ@san%gﬁghﬁgely ahead (i.

upstrean) of the fron ace 5 Z he abut nent ne t o di m.nish
relatively rapidly in a preferr B)nﬁﬁﬁeﬁrFﬁt?ﬁetﬂ?r%ﬁ%??ﬁlQﬁ terth ishecsd
the wheel nenber 10, faebuedaepcd Bidehefnthaewhéedl usénbéed 0,0 thee sdiad\lierds.-

20 >~ The vahl | I b ang
circunferentially co- ej‘trig'ng%ll%vgh\% ﬁgﬁﬁgg fz’lgne,?l%%l %9%%?% roegarceh55| ve
reduction of theb5radi #loodspth of the arcuate passagemay is achi eved by

appropriately shaping the Surfa%)4%e0ft:ebb§ Hé? bé%&éf@f J.‘%C%Sulz@ble t he

bottom of the groove 12 .in.t of the die

s
bl ock is preferably s®&F&diR 'asﬁﬁﬁ & nghe§§mP%eac éiwgﬁ??¥iu?4§ald zone,
when the apparatus is operating(ed hagdebneknientl nétivod paf tegouitied the

closely resenbles 30 at Lch | chi d S| i nst ead feedst ock
I n solyd form In thetﬁﬁégePpgghgngth;e§F8¥§Tu@?fgygd&$%ithe dr awi ngs,

that surface 40AQonprises a pl &he sbifldty ofi thei sppardtusdtatdel iuan = e

smal | angle to a tang‘?afbtcnéﬁabo'i% B%bﬁg‘ Qict?»'isl?ntf?eo @E’Vﬁ-&@ Péedét’%o‘i@'ﬂ%

of- gontact with the ahut ront face 54.
argle is ideally set aooB8 PFdicydntenar FﬁEmPﬁ%FSdofm(‘&)l? h@%%ﬁe’%ﬁbl%e
abut ment nenber 36 thc’ﬁnwa‘hc@&p@?edahe1hgedﬁéoﬁkdﬂ£1adleplfht(‘@r%iglﬁtpfbf

pressure to (b) the-r %P'%rcua p%%%%h%wgy 48, in a pressure-building
15 zone which lies immediately ahead (i.e. upstream) of
the front face 54 of the abutment member 36, to
diminish relatively rapidly in a preferred manner in
the direction of rotation of the wheel member 10, for
example in the manner illustrated in the drawings.
20 The removable die block 40 is arranged to
. be circumferentially co-extensive with that zone, and
the said progressive reduction of the radial depth of
the arcuate passageway is achieved by appropriately
po shaping the surface 40A of the die block that faces
the bottom of the groove 12 in the wheel member 10.
That surface 40A of the die block is
preferably shaped in a manner such as to achieve in
the said zone, when the apparatus is operating, a
feedstock metal flow pattern that closely resembles
30 that which is achieved when using instead feedstock
in solid form. In the preferred embodiment
illustrated in the drawings, that surface 40A
comprises a plane surface which is inclined at a
suitable small angle to a tangent to the bottom of
35 the groove 12 at its point of contact with the
| abutment member 36 at its front face 54.




area of - the passageway 48 at the entry end of said 5 zone (i.e.-at the
rad|aI cross section adjacent the upstreamend of the die bloek 40) is
equahkX o the ratio of (i) the apparent density of the feedstock entering ¥
~ thay ne at said entry end thereof, to (ii) the density of the

ful -conpacted-feedstock | ying 10 adjaceng_the front face 54 of the

abut rent nmenber 36. In one s fact arr, sai | ane surface
40A of the die block was |nc&%ﬁ 335 ianbaggggghs?EaT t%evgg. SHH of

t he abut nent nmenbertha% thetMawlpsoﬁxba§euheoafeedsfotkenshwwmenttd&mber

XU USL o Pressur e 365 tid4Als! Bagageliakh ?%eHQ€o§E'He€§ﬂ ghgss-sectiopa

area of the passageway % entr ? sald zone (1.e. at the
upstream end of t h&XFr¥sapacRyessyre, Y£3"(b) the red ik seessteeghional

alternative enbodi gl e ther fpa@ea@%whbeztsl atbhaékeﬁasy néln&h@fbé?éid)m of
t he groove 12 nay be |ngllne ve over_only a

oreater part & 1t Fome dnbor B TAP FERGEL GROER BSTELOR TEIRETHE WA o
upstream end of 25 upstirsamndiendblodckhet Rdepaibchf 40heidi eqbabcko | yhag

| mredi at el y adj acent, (e fr gy ftﬁ%e 238a0bnt"EoARNLIRRE PRODEL.E,

provided with a surface I“i es tantially parallTel) wth
t he bottom of the gﬁU@M3132th§G zone at sai emﬁéYg?éétéhepéﬁﬁtrhﬁlbhlbf

the die block 40 inne fdh.»%s%goxse iBe mﬁqb-eeﬁyhaseargaba@eoéﬁlﬂy %pl ng of

the surface 40A referred to abov erves also_t I ncreased physica
resistance td 4 he BtERIF é%@ 8% SPCFI§§h°Fo$HFn3gHEP3P£through the 35«
cl earance gaps 32 aethb®4 3%0 that the anount of -16- feedstock netal

g0l N0 Lo, Lhe formation of sugh Giashals) JFaB3bky LEHUAGAnelR! CBE" salhe!
plane surface 404 of the die block was inclined at an
angle such that the said area of the abutment member

15 that is exposed to feedstock metal at the extrusion
pressure is equal to one half of the said radial
cross-sectional area of the passageway 48 at the
entry end of said zone (i.e. at the upstream end of
the die block).

20 : - If desired, in an alternatlve embodiment
the surface of the die block facing the bottom of the
groove 12 may be inclined in the manner referred to
above over only a greater par% of its circumferential o,
length which extends from the said upstream end of

25 the die block, the part of the die block lying
immediately adjacent the front face 54 of the
abutment member being provided with a surface that
lies parallel (or substantially parallel) with the
bottom of the groove 12.

30 The greater penetration of the die block 40
into the groove 12, which results f:dm the said
shaping of the surfuce 40A referred to above, serves
also to offer increased physical resistance to the
unwanted extrusion of flaéh-fbrming metal through the

35 clearance gaps 32 and 34, so that the amount of



wor k dqne on the feedstock, (b) the anmount of flash produced, and (c)
the bendi ng nmonment inposed on the abutment menber by the netal under
pressure. Furthernore, the choice of a plane working surface 40A for the
di e' bl'ock reduces the coat of produ0|ng t hat dié-bl ock. Whereas in the

above descri ption, d r
driving notor, at spggﬁghs%loc* Pﬁ%wﬁédégaﬁﬁ% £ 'E P‘?(nﬁae]fg%g@{atfll%Sh
continuous extrusi on m@na&@émdupleﬂl se“ﬁyépaarr ctblﬂ vl’%e'?@%h’smhrﬁig
operate at appropri atygd iR M o2RE8H%0 the groove 12 resdbt@niml ternative

to i nt™f oduci ng addltlonal coolln into.,th ssa 48 vig the
sprinkl ers 65, hopperFe gbgg' Ghesufﬁuﬁgﬂﬁ g¥m€%6?|%b @%

be introduced into trﬁﬁequxnmageWHy ther amoanpl ef ﬂlash pas@wged67aﬁ¢whmﬁ |n
20 t he shoe nber t n ch..s il ed
with particul at feeds qg%q;ﬁéuﬁﬁﬁﬁﬁ% iﬁ? Q%h gpt?ég §?§§?g§g2¥%%§etﬁireln
is not yet fully conxkhﬁenﬁtah Wnﬁﬂﬁﬂnﬁ9§§§r?hatFﬂﬁéhﬁrgﬁr? beRhef¢ke ke 2of
cooling effects provigegh e tmﬂ‘wﬁgﬁ@ﬁrﬂa%eamowoar rcae geeyvlaswerydhcosn

the fact that the heat absorbed art h nber |ying
tenporarily adjacent thHe Rt rﬂﬁ 3&ﬁ% ﬁé Ei?? 8i on zone upstream

of the abutrment nenber is 30 wnxneeauﬂh @h@thbbwethesnahpmmnducthenwhﬂdl
OO0 o s "oy g e o O BLMAly HY 22009 ok8-3cC001 1 D0e7RA80F [P o

downgst ream of t abuf Zzone a Copi ous SUP
o Ccooling fluid is C%H%Qﬂﬁttﬂ#hkﬂwﬁhﬂﬂsﬁﬁﬂ%ﬁ|WﬂﬂéF | at§eTatéiig-operab

wheel menber passing ¢dieiibdd xR 0 mdMe 038 a8y utilise hydraulic
' driving means and operate at appropriate ruaning
speeds. _ _
1% : As an alternative to iantroducing additional

t%e-dje bl ock into the groove 12 results in reductions in (a) the redjgfefﬁ
=

cooling water into the passageway 48 via the
sprinklers 65, hopper 52 and passage 50, such
additional cooling water may be introduced into that
passageway (for exanmple, via a passage 67 formed in
20 the shoe member 24) at a position at which said
passageway is filled with particulate feedstock, but
at which said particulate feedstock therein is not
yet fully compacted.
It is believed that the highly . beneficial
25 cooling effects provided by the present iavention
arise very largely from the fact that the heat
absorbed by a part of the wheel member lying
temporarily adjacent the hot metal in the confined
extrusion zone upstream of the abutment member is
30 conveyed (both by thermal conduction and rotation of
" the wheel member) from that hot zone to a cooling
zone situated downstream of the abutment member, in
which cooling zone a copious supply of cooling fluid
is caused to flow over relatively large areas of the
35 wheel member passing through that cooling zone so as



to extract therefroma high proportion of the heat absorbed by the-wheel
T ~in the hot extrusion zone. In this cooling zone access:-to the wheel
er is less restricted, and relatively large surfaces of that
. re freely avail able for cooling purposes. This is in direct

st to the.extremely small and confineggooling surfaces that can be
provi ded directly adjacent the extrusion zone 10 in the parts of the

sai d shoe nenber (FOeeXPRacHi BRI eEROm A Migh RIRPIRIAY 0% ke Be&td t hat

extrusion zone. Asabgsrbeénbyethéoneee hbmembet hin cild it sextragsisd hat can
be provided in thoiﬁbgarts are severely limted in size by the need to

conserve the 15 B€hani cal strengths of those parts and so enabl e them
to safely withstand the extriBi bhipresalins csene caceats Hemtirhethe®iveyi ng

of heat absorged bMeﬁ:ﬁé*‘A@Qeieé@rfP@étH)c%&? S c@mﬁi%lzyorleafg@ be
greatly 20 enhanceg é g |ncor£orat|on I n_sai nber of netals
havi ng good t her rafUESARBR: PYi Ehat ﬁﬂbﬁboﬂr%pgﬁ??%X:%ﬁ%&%égiﬁw £ t

vol une). However, ebomenghpuspodeaheeThﬂsnher;1fdﬂ;eaﬂ%nnninﬁsﬁnﬂnnﬂhdug

adequat e néchanicagxi%gﬁggb Fé?l”@@& ggngp%eat@+éyi al s,

(e.g. tool steels) ans SSIOﬂ proper | es.
Thus, the ability oanthe Eﬁ@%idﬁin@é?e@ﬁltom®b@c¢nﬁuthQ)Qﬁ%ﬁﬂﬂﬁﬂﬂ|ﬂﬂ}ezone

can be great hp e“hiﬁcﬁﬂebgab%%?%ﬁé'Qﬂlanﬂx@@txﬁ‘éxﬂ‘béx“ ealdl, vmf'eeldlreenber an

annul ar band of a n ermal absoyption and
transm ssion propegipﬁg aP%raaﬁgmﬁPg g B%ﬁg tha Yxﬁﬁﬁﬂi e X tTRELAR |y
conducti ve band nagoaenveAsehabybbencoestioneddabyvan theudeol frand secured

in the periphery OLuL?Qcég'gh¥®e§%nnfgb§Fo@ﬂge§5 in tBSS AN are

constituting, at |eas
severely limited 1n size by the need to comserve the

15 mechanical strengths of those parts and so enable
them to safely withstand the extrusion pressure
exerted on them.

The conveying of heat absorbed by the wheel
member to the said cooling zone can be greatly

20 enhanced by the incorporation in said wheel member of-
metals having good thermal conductivities and good
specific heats (per unit volume). However, since the
'said wheel member, for reasons of providing adequate.
mechanical strength, is made of physically strong o,

25 metals, (e.g. tool steels), it has relatively poor
heat transmission properties. Thus, the ability of
the wheel member to convey heat to said cooling zone
can be greatly enhanced by incorporating intimately
in said wheel member an annular band of a metal

30 having good thermal absorption and transmission
properties, for example, a band of copper.

Such-a thermally conductive band may
conveniently be constituted by an annular band
gsecured in the periphery of the said wheel member and

35 preferably constituting, at least in part, the part




-18r'df Sai-d wheel mermber in which the said circunferential groove is

formed to provide (wth the shoe nenber) the said passageway (48). In hj\
where thé éxtrusion product of the 5 machine is of a nmetal having

sui t.ably good thermal properties, the said thermally conductive band ma
conposed of the same netal as the extrusion profict (e.g. copper). In other

cases, said thermal|yygoadugt kMEe10nembbanth nwyide wibasidad in, or be
overlaid by. a second annulgr baﬁg whi ch second band is of the aam% ne%al
as the extrusion prodGiFCBPIEREN AR GEOARE 18 TH B%ht b (PTAVHTS Ha Lkhy the
portipn of the said abhoeenenbenbethe t smid vipadmagksdyei (4B )of di ff erent

metal S- 15 Vetal s thi chsdBywREroSetk [ oke il dtidhoduct of tne

t hermal | y- conducti ve band are.se1ected t 0. have -a hi gher product of thernal
conductivity andSspecharBipgaispef anPetab|BaeingFillitohlnigaaad thegmadc| ude

the following (in dec?@é?é@@i@éQGEh@fsﬁﬂddtﬂéﬁﬁﬁil_(bbndﬁaﬂﬂhéﬁﬂdnd Rle;
silver, beryllium go

d, _al ugi ni,um tungsten Jhodi i ridium ol ybdenum
rut heni um zinc and i F8P?.p°?ﬁg‘ PEY gi‘?at saﬁ? c‘f‘le?%gta aﬁ‘r%eexcvﬁ’\?éfé‘d %Q%?@%
such a thermal |l y-condfetigvecbapdrdiomthe extrusion zone to the cooling

zone i s dependent on the radialIﬁr8§§é§eg£§€ggL%gifg%ﬁé;&%¥%iﬁ?§¥ﬂgg$qJés

i ncreased by increasing that cross-sectiona )
cross-sectional 18 mendProf BeZsbheectmbeddedcinel 9= Je ovestlaide byir GuPesSOBdce

of the wheel nenber, whtulagabahndlhfhidRi sbcoePtvamd B S GHvhnd MR tal
reater the rate at which, heat w Il be conveyed.tq the coolin qne by the

3011’ee| menber. Cal cul afPoRBehSFETRAMAA ?ﬁ%@“? % @h‘? ragine \ﬂﬂg@éllsrré‘ﬁ%er

havi ng an effective dicaomseet witR38hentip portion of the said abutment

- member, the two bands being of different metals.

15 Metals which may be used for the said
thermally-conductive band are selected to have a
higher product of thermal conductivity and specific
heat per unit volume than tool steel, and include the

_ following (in decreasing order of said higher

20  product):- |

Copper, silver, beryllium, gold, aluminium,
tungsten, rhodium, iridium, molybdenum, ruthenium,
zinc and iron.

: The rate at which heat can be conveyed by
such a thermally-conductive band from the extrusion
zone %o the cooling zone is dependent on the radial
cross-sectional area of the band, and is increased by
increasing that cross-~sectional area. Thus, for a
given cross-sectional dimeasion measured transversely
30  of the circumference of the wheel member, the greater
the radial depth of a said band, the greater the rate
at which heat will be conveyed to the cooling zone by
the wheel member. '

' Calculations have shown that for a said

35 wheel member having an effective diameter of 233 mm,

-



and a speed of rotation of 10 RPM and a said thernal|y-conductive :band of -
copper having a radial cross-section of U-shape, the rate "R'.of conveying

heatm t he extrusion zone to the said cooling zone 5 by the wheel ¢
U

ment /Py virtue of its rotation alone, varies in the manner shown bel ow
W t i vars ati on of the radial depth or extent;gQ which a said abutment (36)
cooperafing with the wheel nenber penetrates into that copper band, that is
to say, with vari atndnai@peedopfi getesdpal of ni EkRBYs andacpsaite copper

band that remains %néﬂﬁﬂl@%@ﬁd@fcttm $ahd eifr eugi:ef-enav@hggaooy@liﬂ)
These cal cul ations were bas g Rﬁ g copggé g @é g W th thﬁ%$

adj acent parts (to&ToSEsE&eL d‘lont R 88~ PRentiBP AA“Pnt EeCORVELing al }"t
15 circul ar confhegitr &fivioan the Sedrusioa lzadealtoctbessaedtcooliirgnmmet he
radi al cross cti (-1 "A' e p ngeVv e 0, ear
manner with tﬁi sa% Fg |§%GF@| %%g%@ %9 QEEtQ@ g? its ﬁ°£% ??%ng% ﬁghl
groove (12) .20 venigg in the ‘manner shgwgqbe Eﬁy wlth variation ofR (kW

%20 the rab8dl 2de th or extent to whidhlabSsaid abutment
7 '772_ 5 (36) co%pd'eérftfng with the wheel memé_gid'ggnetrgﬁss
36.8 into thhd 4oppesndamdacthedl isr tangayenvibhviagistitdna

wheel menber ﬁb"groove %%%af RnGkaeRss! '@f" %%' ghQOB'Bﬁbe?ﬁan&ttﬁQg and

bottom of sai perati n%E spee .
extruding 30 cogmam& @tofthe bm 8 ttgﬁ §ﬁ1§ §p§é§mg¢1‘§6©1%%t res peg
m nute, heat was egi&ﬁi@qﬁzpm tms@‘%@lcmm@bn%n‘}e@@ubggga BRNBCSa L d

e AU Tl MG B TR S T T N
cool ed in said coolgtepXoref alectsheel member an mterface of generally
15 circular configuration as seen in a radial cross
section. Hencé,_ the radial cross-sectional area "A"
of the copper vand varies in a non-linear manner with
the said . radial thickness "I" of copper at the bottom
of said groove (12).

20 T (mm) A (sq. mm) R (kW)
1.0 . 18.0 5.1
1.5 22.7 6.4
2.0 27.4 7.7
2.5 32.1 9.1 )
25 3.0 36.8 ' 10.4

In one practical arrangement having such a
wheel member and a 2 mm radial thlckness T of said
copper band at the bottom of said groove (12), when
operating at said wheel member spééd and extruding

30 copper wire of 1.4 mm diameter at a speed of 150
metres per minute, heat was extracted.from the wheel
member and abutment mémber in said cooling zone at a
rate of 10 kW by cooling water flowing at as low a2
rate of 4 litres per minute and providing at the

35 = surfaces to be cooled in said cooling zone a jet



:ZQ;-veIebjty of approximately 800 netres per minute. This heat extracti
rate indicates that heat was reaching the cooling zone at a rate of sont
2 3 kWas a result of the conduction of heat through 5 the said

conducti ve band,
i nduced by the tenperature gradient exi sting <2€ween the extrusion zone and
the cooling zone.

cooling water flow ng A& SLENA ?ﬁﬂqgﬁfgﬁﬁw q&#b

t he adj acent wheel nenber parts, and the abutnent ne

ThIS asured. rat e Qqf. e xlhact ngh%g

serﬁsbéVSUPéﬁ? ®Mth a

maxi mum rate of heat extractlcnfhﬁsshﬁai:BA$H&&¢&W@t*h&s beémcabeadth@tbe
achi ¢vabl e by flow ng, &0l 49 #@&&{14@) e oQ:ro'lcirnéarangaQ'ﬂﬁ%ePQ%gUSP som

i nt eryfal cool i ng passages formed

ure

shows the way in which?HeV rag e ekt &f ithe worductdpn rE Rﬁé&l
and abutment nenper i{héaddhid AL TORE vaRs fCtlhIédaHga\ééﬁ’l Whéblvaém@éi-on

of the rate of flow of t e coo t one The
extrusi on machi ne desB#f bR \éF%JMﬁﬁ%Qﬁé§%ﬂﬁ§} ﬁﬁguafgmg
equi pped for the practem@ératmds gna&ientxaxismha@nbbmyeennmhetexﬁrhandnof

copper, which band is, éﬁgmgnfltﬁgfégfﬂffﬁxfﬁdéq 25 Fi gure 10, and

i ndi cat ed,

for co

nvenl ence onl Ine formin Figure 2. |t

shoul d be noted that Figure 2 a‘f@eﬁ dReauned \fede ©ofe exdppetipgnbiess by
represented in {gll-line é&smng h&ﬁéarﬁwls@ aectthen@bozliay kaken on the

section indicated in 30 gure 1 1.

e under stood from

refgrence 74 in Flgur%°§Pafﬁ% %%ﬁ%i %ﬂﬁﬁaQ£¥ugHE§jaamP§aPHP ER§EsOLeREREN

U- shape,

whi ch

banextractidmhef aomked JHikWorbhhd dhst beeai founfietoenbeal

groove 12 and extendedopalis¥ey WP #16w£%8 AdAind datd¥ ik The33riort AL

gr oove.
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35

manner through ianternal coosling passages formed in
the abutment member.

Figure 6 shows the way in which the rate of
extracting heat from the wheel member and abutment
member in said cooling zone was found to vary with
variation of the rate of flow of the cooling water
supplied to that zone.

The extrusion machine described above with
reference to the drawings was equipped for the
practical tests with a said thermally-conductive band
of copper, which band is shown at reference 74 in
Pigure 10, and indicated, for convenience ohly, in
dotted-line form in Pigure 2. (It should be noted
that FPigure 2 also depicts, when the copper band 74
is represented in full-line form, the transverse
sectional view taken on the section indicated in
Figure 10 at II-II.)  As will be understood from

- reference 74 in FPigure 2, the said copper band had a
- radial cross section of U-shape, which band lined the
rounded bottom 16 of the circumferential groove 12
and extended part-way up the parallel side walls of

-~ .7

that groove.
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21 - ‘Figure 7 shows in a viewsimlar to that of Figure 2 a fnodification
of the wheel nenber 10. In that nodification, a solid annul ar® band 76 of
coppeg- aving a substantially rectangular radial cross- 5 sectionis
mounfed~ n and cl anped securel y between cooperating steel cheek nmenbers 78
of sal eel nmenber, so as to be driven by.gaLd cheek nenbers when a
drivi shaft on whi ch sai d-¢heek nbers are carried 's,grixgn Pg sa
driving notor. The band 76 16184THad, 8 P"Peégtaiﬁf?ﬁlFé?l 2EnkP | PRt thal
groove 76A spanni ngilgueet i2ghat mjodiifticaBAobevfethet ikeehomehbek h@bels 78.

o, UL B RIS Bt ShSGhafouRgE gl ofdoghel

metal of said band uring assenbl’ [

Conpl enentary frusthevi®d @atuPgtratdalignrandansnlan sad #2bapfoe$ cheek
nmenbers respecfi velgedi8igH ti Lavuitedsianbhy andngedasseabbyyobethi@se parts
of the wheel menber 10. The C|%&unger ntkal ﬂgogve 2 el 8 fgrned in 20 -
the copper band by GRAPFTH YN ERrES iﬁgeF e BERBET ReiBeP L 282500 Fts pi vot

pin 26 towards the meatbgrherso afs tthe beodativeg byeskhidenheeklfiemberaswhen

bring the tip of the . gggb .t n I per band,

and t hereby Cause!% #g¥£%§%$%% '5%rﬂ §?ﬁéac§8§gr%Egﬁﬁm%%gg%g§s§§§|y deeper

to formsaid groovearxiederid drivegudy Saddods iying metasri vEheobands 78aid

modi fication f Fi qidee Bt iNeadht Ghtalliafnabl waatiheihhernal! gregndugsive
band conpri ses i nst ead a 30 conpqgsite an

core 82 of a netal YR&HLEE W hadind gﬁlég%Fﬁgggﬁ?gﬁlﬁgﬁﬁgltg %gﬂsl nner..\v
encased in and in grebdiertéal Miaat igroslviep prievenssshhat bn8#yobetween al
(for exanple, zinc)y il ol HoutWTh 3 WY O 1RS H3va1 ¥ LHIERYa' e
76 during assembly of the wheel member 10.
15 Complementary frusto-conical surfaces 76B and 78B on
said band and cheek members respectively permit
easier assembly and disassembly of those parts of the
wheel member 10. :
The circumferential groove 12, is formed in
20 the copper band by pivdtally'advancing'the shoe
member 24 about its pivot pin 26 towards the
~ periphery of the rotating wheel member 10, so as to
‘bring the tip of the abutment member 36 into contact
- with the copper band, and thereby cause it to machine ./
25  the copper band progressively deeper to form said
groove 12 therein. _ '

Figure 8 shows an alternative form of said
modification of Figure 7, in which alternative the '
thermally~-conductive band comprises instead a

30  composite annular band 80 in which an inner core 82
of a metal (such as copper) having good thermal
properties is encased in and in good thermal”
relationship with a sheath 84 of a metal (for
example, zinc) which is the same as that to be

35 extruded by the machine. '



-22- Figure 9 shows a further alternative formof said nodification of
Figure 7, in which alternative the thermally-conductive band conprise
i Aistead a conposite band 86 in which a radially-inner 5 annul ar [ pa
thereof. is made of a netal (such as copper) having good thermal p I es
and is encircled, in good thermal relationship, by a radially-outer annular
part 90 of a netal which is the sane as that to be extruded by the nachine.
Said 10 circunferential groove is machi ned by said abutnment nenber wholly
within said radially-outer part 90 of said band. Metals which can be
extrugded by extrusion machines as describé8=above include:- 15

Copper and its alloys, alumniumand its alloys, zinc, silver, and gold. It

shoul d be noted that varqu%%&%Esg%iﬁg% Eh@uggﬁéggg%ﬁégggé?4ge¥3¥§(ﬂ1 are

not referred to in the clai ave been subj ect’s t he 20
respective sets @f s3id moddif isafdonpafecFiguppl Vcalnomdichanel y (a) No.

8309836 (publ i Caiigurddbive ki 438kmaihgdcdRilicOpve! bP8% omiiigdati M Ng
priority fromthe earljer-filed, ,now ahagdoned i cati 302951, filed
3rd February 19898 (§n°9Q9931§Ebgéﬂg Egd1§4ﬁgggg 35ra I Nos. 2
134 828, ang 2 l1&ngldr mma;&&i \tileypofbdshmafienof ch metal f(dwrh ;s t he 30th
R T i ok 11 s W
for effecting cdtGiRrfoikd, in good thermal relationship, by a
_~ radially-outer annular part 90 of a metal which is
the same as that to be extruded by the machine. Said
10 circumferential groove is machined by said abutment
member wholly within said radially-outer part 90 of
"said band. '
Metals which can be extruded by extrusion
machines as described above include:-
15 : Copper and its alloys, aluminium and its
alloys, zine, silver, and gold.
It should be noted that various aspects of
the present disclosure which are not referred to in
the claims below have been made the subjects of the
20 respective sets of claims of other patent applications,
. namely (a) No. 8309836 (publication No. 2 134 428)
filed 12th April 1983, and claiming priority from the
earlier-filed, now-abandoned application 8302951, filed
3rd February 1983, and (b) Nos. 8402415 and 8402417
2% (publication Nos. 2 134 828, and 2 134 829
respectively), both of which were filed on the 30th
January 1984 and claim priority from both of the
above-mentioned applications Nos. 8309836 and 8302951.

S




extrusion of netal froma feedstock In particulate or conm nuted form
whi ch apparat us i ncl udes: - (a) a rotatabl e wheel nenber

(10) aexange |II|'IME| l en in operation by a driving means, said wheel -«
~BAvi n aIIy thereon a continuous circunferentia

menbef,
2); (b)‘a cooperatlng shoe nmenber (24) which 10 ext ends

groov
circunferentially around a substantial part of the periphery of said wheel

menber and' whi ch has a portion (30) which QQ?LeCtS in a radial direction
partly into said Y with small working clearance (32,34) fromthe side
wal s (14) of sai ve, said 15 - shoe nenber portion defining mnth’t
wal | s of said grodve an enclopedcasassfgewayfesd)ngxtendingous

G rounterontl ally ok o38paachgBRI0 onl &) cLEAIRRAR  ppELIRDEL 50, 52

_disposed at an in PEC TeRd ot “sai passa or éna
f eedst ock in Iooséoﬁaﬁﬂﬂéﬁﬂaﬁér@n U& né@@&rﬁéﬂﬁlﬂécéﬁﬂéﬁ sald passageway

at said inleg end mhereby tQabea?@B%a%dbiadwﬁéél'QémﬁébCKHQWaék¥ang§a'd
wheel nenber, mheg rota Qq 05|n§ g et .end said
passageway; 25 or ro on $%3n13b89ﬁ5 p A Eiv&&ﬁrpsanﬁn sai d
shoe nenber and psapchheglraémbbbyhanﬁngsﬁodmpdspegéphyrQAEy thesaon

tl et dth i t that d
S Thotay Tk PRI gt prarsgene = 1,
I

sai d groove (12) by said wh ﬁeﬁﬂ@@erﬁﬁ&§8cﬁéaﬁlHgmhﬁre RAdswhichressure

in said pasgggevayxdlendd ¢iveunlerendiblefearounandal ehbatdnelaenpeft(m 42
carried on said sh etggnber

d havi_ng a ,di ific p 0, 3
from sai d passage 8?6599 Std 85tg3fde Ee?ﬁepg Bﬁ F hﬁﬁ a
envi ronnent at atmos&h@n|d390eybdnb projects in a radial directlon

partly into 3aid groove with small working clearance
(32,34) from the side walls (14) of said groove, said

15 shoe member portion defining with the walls of said

groove an enzlosed passageway (48) extending
circumferentially of said wheel member;

(c) feedstock inlet means (50,52) disposed

‘at an inlet end of said passageway (48) for enabling

20 feedstock in loose particulate or comminuted form to
enter said passageway at said inlet end whereby to be

engaged and carried frictionally by said wheel

member, when rotating, towards the opposite, outlet N
end of said passageway; ' :
25 - (d) an abutment member (36) carried on said

shoe member and projecting radially into said
passageway (48) at said outlet end thereof so as to
substantially close said passageway at that end and
thereby impede the passage of feedstock frictionally
30 carried in said groove (12) by said wheel member,
thus creating an extrusion pressure in said
passageway at said outlet end thereof; and
(e) a die member (40,42) carried on said
shoe member and having a die orifice (42) opening
35 from said passageway (48) at said outlet end thereof



tﬁrodgh whi-ch orifice feedstock carried in said groove- and . j\'

frictionally conpressed by rotation of said wh er (10), en drA
i & conpressed 5 and extruded in continuous a uﬂ7 ﬂﬂlu sai d
c "WFL

menber (24) via an outlet aperture (60,58); and= S sa
passageway (48) conprises a primary zone extendi ng downstré&am*from said
inlet end of said passageway, in which primary zone said 10 particul ate
or conmminuted feedstock is conpacted, by rotakion of said wheel nenber
(10), to progressively elimnate voids in the dvanci ng feedst ock and so
formian aggl oner at edn¥s§noparéEasRE8k Adt &tnogplenhc apf @¥$UIR), secondary

zone di sposed downstpneanghf whidicl 531ifich' PEBA¥LAERCARH1SXt LAMAL O said
die orifice, in which secoqggryaaang-sald nai‘ of netal i rg&geSSJvely
conpressed, by rotaBroRVEs Va2 e dF L RELRER EZO??mPBe%? SPF KPR E IS on
pressure sufficient otfo seitir wheedamenbass (00) yewhknt drdugh, sbs dedfipressiid
ori fice (42), the radhal,deaklaoto8LH+RATSALCYBY(4BY bEIDGe SIS 1ol |y
unchanging in Said.prinmary zone, “an ecreasin radual Ty i n sard secondary
zone in the directi 6806f mesbgeri dR4df vigi anvausd egeﬁnertmea(é@iﬁmweagd hi gh
rate such as to prodwCqhiBnt Bpbazatus 3808 §a_§§h§éw§#0M@Eté&ﬁ1§k‘i§h‘§'a
closely resenbling that which I's a%hl ﬁgabl &va tfg feedgtock in ﬁﬁléid for[{n

2. Appar at us PAABETdi G0 CECEPHRE GANPEIPReET; fT AR REHL %6714 on
(30) is constitutedoifnssdidd pa8sagewayondar yhiohepbymanyi nowe t s4¥d)
rempvably secyred i is n - Nglg Ci nty.al |y
hbstrean1fronﬁ§§id gﬁ?&%&?gﬁgnﬁgfgg&ﬁﬁ%ﬁ*?ﬁsgs?é%ﬁ§g$pg?a%éﬁﬂﬂéﬁ%fﬁ{%f
nenber (42), and whirekatiear ofhgaig yapﬁ&c@emaern@legwamsplrwm#mmf

said 35  groove (b2imiwaitehveudkaga theshdradcifgProvddtosii gnhdraeiual
decrease in radial %%gkha%fa%%igm %%%%%eﬂgxs of feedétock metal, and an
-adjoining secondary zone disposed downstream of said
15 primary zone and extending to said die orifice, in
which secondary zone said mass of metal is
progressively compressed, by rotation of said wheel
member (10), to a desired extrusion pressure
sufficient to extrude said mass of metal through said
20 . die orifice (42), fhe radial depth of said passageway
(48) being substantially unchanging in said primary
; zone, and decreasing gradually in said secondary zone
N in the direction of rotation of said wheel member at
a relatively high rate such as to produce in that
25 zgone a metal flow pattern more closely resembling
that which is achievable with feedstock in solid
form. | '
2. Apparatus according to Claim 1, wherein
said shoe member portion (30) is constituted in said
30 secondary zone by an insert (40) removably secured in
said shoe member (24) and extending circumferentially
upstream from said abutment member, which insert
incorporates said die member (42), and which insert
has a surface facing towards the bottom of said
35 groove (12), which surface is shaped to provide said
gradual decrease in radial depth of said passageway
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-25- (48) in Appar atus according to Ctaim 2, | i

wher ei sald sur f ert (40) conprises a plane -surface inclined
at a gl angl ﬂﬂ““ M“m the 5 bottom of said groove (12). 4. 3
Appar it ccor al m 3* wherein said plane surface is inclined at a
said a Ie such that the ratio of the area of said abutnent nmenber (36)
exposed nmetal under said extrusion pressure 10 to the radial

cross-sectional area of said passageway (485-at the upstream entry end of

sai d secondary zogﬁesi ggﬁu@{@rgé@gr{ @quﬁgnéo the ratio of the apparent

density of the fe entering sal d secondary zone at_said entry endﬁg
C

thereof to the 153« densi tAPPATEFRS AFRR AR, tq Fi3im dwp st imeedst o
lying adj acent saidli@bgir®ide @fiiedid Sinsert (40VPminiSsetr @ ydiang to Caim

shi d aren of sai CEOBERTENATLHE! T5¢3 I ff e B EndF oy ddidha
metal is appPoxi neeetom hef fsaid s&nmﬁeza . cross-sectional area of said
ileneel (15 S S S i) Ssneeip oo a0, i satty
her i nbef ore descPEbbPLAR® FEIEAGHCRS IGkAed 3t |23k é’d‘ﬁiﬁ &P el evant
single figure or ghauPtié PESDEIGF ethd igpuesot nedi® dincniamen\diher
di-agrammat i c dramifgf exposed to metal under said extrusion pressure
¥ 10 to the radlal_cross-sectional area of said passageway \“\/
(48) at the upstream, entry end of said secondary
zone is substantially eQual to the ratio of the
apparent density of the feedstock eﬁtering said
secondary zone at said entfy end thereof to the
15 density of the compressed, fully compacted fsedstock
lying adjacent said abutment member.
5. Apparatus according to Claim 4, whereln
said plane surface is inclined at a said angle such
that the said area of said abutment member. (36)
20 exposed to said compressed metal is approximately
half the said radial cross-sectional area of said
passageway (48) at said entry end of said secondary
zone. L
6. Apparatus according to any one of the
25 Claims ! to 5, substantially as hereinbefore
described with reference to and as illustrated by any
relevant single figure or group of associated figures
in the accompanying diagrammatic drawings.




