CCNTINUCUS-EXTRUSICN OF METALS TECHNI CAL FI ELD This invention relates to an
apparatus for effecting continuous extrusion of nmetal froma 5 fqz ack
in particulate, comm nuted or solid form which apparatus includes: - ?2‘5331
rof'at abl e wheel nenber arranged for rotation when in operation by a driving
means;- sai d wheel nenber having forned peripherally thereon a 10

cont¥uous circunferential groove; (b) a coGBérating shoe nenber

ext ends ci r cunf er entJCNNINUOUSU BXTRUSION: Oft MATAZSt of the periph

sai d wheel menber euyﬁdﬁﬁfaAﬂuyigiDportion_mhich projects in-a radial

direction partly 15 rto-sarggr.oove Wi th small working cl earance from

the side walls of . said groovehd® dnyRediednvelasss: iton adeRiPPalg WSt Eofhe

wal I § of said groove fafectidlgo o6 tAARDAGE WA ransti ondiofy meitequFrement i al |y of
sai d wheel me r; edst ock .i nl.et. means .di.sposed at

an inlet end of sai§%§§§§£ﬁ5M$? ﬁﬁftgﬁéﬁgﬁﬁg FEBRIAYRHEY: §Te O s AOFT

passageway at sai d iwdieh eppanagushincdudesergaged and carried frictionally
by sai d wheel nenber, when roq?agggro%%§§5q§ S AP RRRbeS a¥tulnSled?Por €Nd
nt me

of sai d passageway; (d) an abu er carrired on sald shoe er and
proj ecting radial | y 19%eF 108 ¥hessd8gonayadionabd sudrdyiaginendseoradd as
Lo substantially cl g elainémbass a@SWayg Formed! pidphedalllg eherespede 30
t he passage oﬂ(Jeedast ck.frictLonaIIé-carLLﬁq in _said groove by said wheel

member, thus creati it PSS UPEEL b oty BT 90 Sfassageway at sai d
Qutl et end thereof; and (e) a (®i)earevioperadingeshoe membeshohidh extendiser

a”ﬂ/ﬁaVing a die oridi feamReIntdan19a$8udd a substantial part of the
periphery of said wheel member and which has a
_ portion which projects in a radial direction partly
15 into said groove with small wdrking clearance from
the side walls of said groove, said shoe member
portioh defining with the walls of said groove an
enclosed passageway extending circumferentially of
'said wheel member; '
20 "~ (e¢) feedstock inlet means disposed at an
" inlet end of said passageway for enabling feedstock
to énter said passageway at said inlet end whereby to
be engaged and carried frictionally by said wheel
member,'when'rotating, towards the opposite, outlet
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 ' N |
(e) a die member carried on said shoe
35 ' member and having a die orifice opening from said

Lt



passageway at said outlet end thereof, through which orifice feedstock
~carried in said groove and frictionally conpressed by rotation of said

wheel Amegber, when driven, is conpressed and extruded in 5 cont i nuous
exit from said shoe nmenber via an outlet aperture. The invention
larly concerned with a nmethod of producing a said rotatable wheel
_ use in such a rotary, friction-4ype, 10 conti nuous extrusiggg
appar at us. BACKGROUND ART I n operating such an extrusion apparatus, the .
parts defining spadspactcayecsbysaif avehtetadnt cthé reondthheugfwisiéhier very
great working | ogfsride feddh &k Yod¥ M AdW JLgpELatges. O such

hi ghly stressed %npchanlca | y-and ‘therpal I'y) parts, those that suffer _
greatest wear or®BhFEHRNSFEY  FRIRESATUhRY T I eathIRcRT Py WaSPhrts of, or
associ ated wi t h, nembelr stwiterwndr ivahpel sresdmpyresded apdréxtrhdéd yipn said
abut nent ‘nmegber, ' (e n er dih ationary parts that support

t hose it ems? Forc§ﬁtg%‘g¢1€%§§ﬁ@b g‘? ?’-’éjatgifionfra%h 2d BoPRebrVHaniYed
surfaces or parteytlé¢ apexri¥ire. nenber, and the die menber and its
supporting parts 25 ar 80En Pon BEPRT B0 £ pch are
rigidly but renovably s"ecﬁ'-lf‘}{ekglI :ﬁ%\ t?he-st'_a?él. '%x?ﬁ;_i%ﬁoe rin%%?&’l‘erq@%rder to
reduce the tenpe¥htRir2snathohich RTRANC NG SR o tatabbparkeel such
items 30 haven&ber pLOY i wesl in tdudtLrMefagppl £10c PEGE2EEHe [ hr ough whi ch

been vary. L1 eccrontEfufld ek Pt ol HERd a1 SOl 5 Ses of those |
items and the 35BACKGRQINDEARENI cal | oads to which they are subjected _
In qpératingisuch an extrﬁsion apparatus, - N
the parts @efiniﬁg_said.gaééggeway adjacgnt said
- outlet end-thereof_suffér_ﬁefy great ﬁofking loads
15 énd:ve:y1high operating temperatures; Of such highly
stressed (méchaniéa;ly_and thermally) parts, those
_that suffer greatest wear or damage are the
stationary, feedstock-engaging parts of, or
~associated with, said stationary shoe member,
20 particularly on éaid_abufment_member, said die member
and the stationary parts thaf suppbrt those items.
For the convenience of readily making good
worn or damaged surfaces or parts, thé abutment
member, and the die member and its supporting parts

25 are made as separate teplaceable-items which are
- rigidly but removably secured in the stationary shoe
member.

In order to reduce the temperatures at
which those replgcegblehitemé opeféte» sﬁgh items

30 have been provided with internal cooling passages
through which cooling water_has.been:ci:cﬁlated.
'However, such cooling measures have not been very
effective, for the reasons that

(a) the small sizes of those items and the
35 high mechanical loads to which they are subjected



-3- have severely restricted both the sizes of the internal cooling
passages and their proximty to the source of heat, so that the cooling¥
wat er has been unable to extract heat at an adequate rate, and 5 g

Al

(b): the materials used for such small items (e.g. high-speed tool st¢Ers)
haverrel atively poor heat transm ssion properties. As. a consequence Of the
| ow ossi pation of heat by the cooling water, plastic flow of the tip of 10
the abutment nenber, at its free end adjoining’the bottom of the groove in
the wheel nenber, haBaveeseespeiyenestiricted bothethxctizia oot ithe

t enper at ures reacheds ' a Yehe h 0% & €5k ' 4

menber, and the runn%%ggﬁ?rg écétfﬁgéngSéég%i)a?%% E?l%ie{ k&xiﬂﬁc@?g\r}g{g

of
occasi ons when the aPORReRt OFeRBal: n8Q th2bhethepPerking Mater hasheeths | ed
to a reduction in thengbdattbyertrabe Reapust exihradé ity othrs, riluced,

due to the downztinme during whi o}. be operated. .20

Al 'so, with prol%nged use, thergﬁEatgge§%9$ﬁ€£#$é§§¥¥éﬁoqrﬁ?éhdéﬁﬁiiN#%ﬁQ§
may overheat to a teﬁpegathighaspahdpho¢lsshQ£¢§Gﬂhawesﬂ&kﬁﬁﬁﬁﬁﬁx;pqqnﬂred,
with the consequent gisk g{aggﬁggggghqgf?ﬁgépfeépcreased wear of the die.

25 Af ter experinmentation varlﬁés di fferent arrangenents
i3

of internal cooling passages, f&r#i@enasayeneet tnid iRiRation af v
satisfactory result sheayebpovhdeesoifgevetedy pradti®fflow & itid Viip of
Gifforont arrargenontnepuidRrkSubaBery; as, PR FFRL S agiaiie phe
descri bed and cl ai meblotiomhef cthengrogve pin cbite prhest XBRRAD heg beERM28)
appld cation No. 8309§366pi6hebil, Caud 2th €06 | bxcdBre 405 tligdrARAdgat | on
this present applicall on 085 P3Ele *Ras sSvorely limited the life of the
abutment member, and the running time of the
15 apparatus between successive occasions when the
abutment member has to be replaced. This in turn has
led to a reduction in the quantity of the output
extrusion product produced, due to the down-time
during which the apparatus cannot be operated.
20 ~ Also, with prolonged use, there has been
| the risk that the extrusion die may overheat to a
temperature at which its mechanical strength is
impaired, with the consequent risk of deformation
and/or increased wear of the die.
. 25 . After experimentation with various
different arrangements of internal cooling passages,
. | particularly in the abutment member, highly
satisfactory results have now been achieved by means
of an entirely different arrangement for cooling the
30 abutment member. Such different arrangement, and
various modifications thereof, have been described
‘and claimed in the copending, parent patent
SEAIAL M0 2134428 : '
application No. 830983@2 filed 12th April, 1983, from
which application this present application has been
35 divided.



-4- The use of the invention of that parent application enables such a
.rotary, friction-type, continuous extrusion apparatus to operate at | ower

tenp tures, for longer periods of tine, and with 5 | onger operating
live r those parts of the apparatus that are subjected to high
- mech al and thermal stresses. The beneficial results obtained by the use
of th i nvention can be enhanced by the uge in 10 conj unction ther ew#h
of the invention of this divisional applicdtion. By - way of introduction to .

the present invention, refé&hensseshdulttehbénngndive vifie thadsageent t he

speci fication of gt i&c&%&%ﬂteﬁaﬁhbﬁabh%ﬁ awbb%ar}5 frlgﬁgbﬂsﬁzPelt i s
bel i eved that the enefi ci al nd ich heat will

be- conveyed to tﬁ@n@gBPPHS f5ﬁ€u59°PhéPRﬁ€@FuﬁeﬁBePPer?ﬁ8ta§a§936€ appears
later .in this spsembecatures,sifoce lohgetteperiptisonfgitine,| ahdr withh 20

reference t t he f sai d parent
application: DIS&?%%%EE% 5%§%§%TF§NEQC§§?gﬁﬁggfog?%39 %gsghg I nvention, a
met hod of produckpgazatysatpakhese ﬁﬂhﬂéptadaﬁpeblgbrm25h3n1996 and a
rotary, frictionshpaalCaRirleld@ds extrusion apparatus conpri ses the st eps

ggrlgﬁérg{oggfiggaacgg:?Lﬁggge%ﬁaﬁzépﬂgle%%ge tﬁg b&&&ééhl %Q% cYfEd in

that groove 30 off shatDiavent:ivnt kanabe pahapbedabypshesusé sai d wheel an

annul ar metgl ”a%%naﬁﬁkti%hﬁkhﬂge%i%ﬂ %@e%heaiﬁvknkiﬁnr8&a%$1§X'S and
divisional application. .

By way of introduction to the present LN
invention, reference should be made to the passage in
the spécification of that parent application, which

15 ~beging - "It is believed that the highly bemeficial
' «++" and ends - "... at .which heat will be conveyed -
to the cooling zone: by the wheel member."

That passage appears later in this
specification, since the description given later with

- 20 - reference to the drawing figures is the same as that
'~ .given in said parent application.
DISCLOSURE OF INVENTION

According to the present invention, a

method of producing a rotary wheel member adapted for
25 use, in a rotary3 friction type, continuous extrusion
apparatus comprises the steps of:

(a) producing a rotary wheel having formed
in its cylindrical peripheral parts a continuous,
radially-extending groove, and secured in that groove

30 for movement with said peripheral parts of said
wheel an annular metal mass;

(b) rotating said wheel about its rotary
axis; and | |




(c) applying to the periphery of said annular nmetal mass secured in said
whéel a tool of predeterm ned end shape, and progressively advanci | d
teol in a radial direction as said wheel 5 continues to rotate W
tomachine in the peripheral parts of said annular nmetal mass a
groave of ‘predeterm ned desired transverse cross sectional shape; said

perimeral parts of said annular netal 10 #mss which define said working

groove being of a composition hch,_ ] tantl,ally. ) t of a
predet ermi ned feedstock netal rth-?éf%%H@%'@Qt#f%k%?%%ﬁﬁ g%fﬁeéﬁ%gfatus
when equi pped with t hanwhae| natabenas® feoitrbdin Saldarheek cictedhioled end
15 ~ shape of said LeglieR8rRIns@PSARNEREHS Y éﬂ&dﬁﬁ@§%é§bi¢€§y(Edihncing

pr edet er mi ned abut nent ,Henbe whi ch | %a(’)' ‘st)_e used I n that_‘gp‘ﬁger%us to
close the end of an 8ft aF8°ia§§a§eﬁ%§l i threet iR Ry 73-¢4 rki ng
groove by a sho§ nenbentihueb bwbenotabte apiperebyisto sm&chineiin oplese ati on

co- oper ates W th sai d.eyLhodk oaleETLPNELAL SRELFa Olpothe! alEPl o ESDEY

Preferably, said ann SS secured in sal groove is in od
thermal rel ationshi pafPeNesafdpradeterntned desired trapsverRSMUERISH et al
mass secured in sai dgeheebndtogMgpapy conprise an annulus of a first
predeterm ned netal 1ying conceniaical£ﬁ mﬁ%f saig mhﬁel j@ sai d. wheel
groove and being envel oped wit iPA%aPEREERETE BREER P PREUARRWHAE AHERL |
said second 3010 prmdssewhinbddefiné sieid nworkimgdgrooke nigeingovd and
geing in good thermal,ohgldkaRaNiAsth! fs SghblatanlaPlriehe! Sade lagChihs
Sai d annul ar nmetal mass®secured 1 n sai ee roove alternatively
cokptise an annul us 8F 95Pred&tPF$§Be$r%ﬂ%@%?ﬂghé@eﬁ%¥a hatiig Borkentric
with said wheel in tegthbageamiaf asaatdd appargted ehédequipped with the

wheel member so produced; and said predetermined end
15 shape of said tool being substantially the same as
that of a predetermined abutment member which is to
be used in that apparatus to close the end of an
arcuate passageway which is formed in seid working
_ groove by a shoe member which when the apparatus is
20  in operation co-operates with said cylindrical
peripheral parts of said wheel member.
Preferably, said annular metal mass secured
in said wheel groove is in good thermal relationship
_ with said wheel. '
L 25 Said annular metal mass secured in said
' wheel groove may compfise an annulus of a first
predetermined metal iyihg concentrically with said
-wheel in said wheel groove and being enveloped within
- a sheath of a second pfedetermined metal, said second
30  predetermined metal defining said working groove and
being in good thérmal'relationship with said first
predetermined metal.
Said annular metal mass secured in said
~ wheel groove may alternatively comprise an annulus of
35 a first predetérmined metalllying concentric with
said wheel in the bottom of said wheel groove and




-6- being overlaid by a second annulus of a second predetermni néd netal,
. .said f#xst predeterm ned netal being in good thernmal relationship with said
seconé%g)edetern1ned netal, and said second predeterm ned 5 nmet al '
def i nj sai d working groove. Preferably, said first and second
-“predeterm ned netal s each have a product of thernal conductivity and s
specific heat per unit volunme that is greq%er than that of the material \of
t he wheel. 10 Advant ageousl y,  sai d product for said first
predet erm ned nebeingsoyertaid Wwhan sdvand gnnslus sef omdseeeniét er mi ned

metal. In carryifhe@étetiitn s din OfsdlP PIAFENYriduEsihDied SHetanCe! 1S

preferably mounted. for_ 15 rotation in a said lwnzu%hextru5|on appar at us,

and is rotated th%t%nmagﬁp%a"f}be“ﬂ)]} ORI QRh P S8 TR o8t deBeChBRber of
sai d apparatus pedét edmi nedtnesiberand saidrneeconddprédytéthonsai d

annul ar g e ereby to formsaid 20
wor ki ng gro ve ﬁ%{é&gi ﬁ’%wgvéegﬁlt‘f v{loqllffnféjﬁo des wheel nenbers pr epar ed
by methods according to thireferantyi mait ibirstand seeondes and

advant ages of thﬁreéeterﬂﬁé@rmeﬁﬂ@@aap Hivd @w@du&%&atﬁ@?ﬂwg of the
description that” fol hereafter, fromthe clalps %ﬁgen ed at the end

of that descript$eRd u@l\,\g"t:%t? ]r‘hsk}?ﬁ'l BE sk i BRathe
various aspects D§ gheateesthdn 3t£hat oy lmwiamﬂvﬂeedeﬁeélbed by way

R g T LT AR
essenti al  wor ki r@rp@etgrmn% met&tlhel%mmﬁt&ls thar thabhcfor sabd section -
bei ng second predetermined metal. o/
. ' In carrying out the methods of the preeent
' invention, said wheel is preferably mounted for
15 rotation in a'Said.rotarj extrusion_apparatus, and is
rotated therein;“and said'toollcomprises a said
abutment member'of said apparatua, which abutment
member is advanced radially into said annular metal
mass as said wheel is rotated whereby to form said
20 working groove.
The present invention also provides wheel
' members prepared by methods according to the present
invention. -
. _ Other features and advantages of the
25 present invention will'appear”from a reading of the
description that follows hereafter, and from the
claims appended at the end of that description. -
 One continuous extrusion apparatus
embodying the various aspecta of the present
30 invention will now be described by way of example and
' with reference to the accompanying diagrammatic
drawings in which. :
' Figure 1 shows a medial, vertical cross-
section taken through the essential working parts of
35 the apparatus, the plane of that section being
- indicated in Pigure 2 at I-I-



indicated in Figure 2 at |-1; -7- Figure 2 shows a transverse sectional
vi éw t aken on the section indicated in Figure 1 at II-11; Figures 3
show in sectional views simlar to that of Figure 2 two arrangenent
5 + are alternatives to that of Figure 2; Figure 5 shows a schemat{'c
di agtam of a system enbodyi ng the apparatus of the Figures 1 and 2; Figure
6 shoss a graph depicting the .10 variationqf a heat extraction rate

with variation of a cooling er fl%\/rate %obta'inedfro tessqn one

apparatus according to the pr QWsh-2 FIGRsYETRE $eg tdp i ews
simlar to that of Figkere o thaarsenﬂamdufdu@@xfedr ba: | m@rdneelatlal II;

menber incorporated in said amﬂtg aa?fh Ii %TLHO% L0 S5 onlad Q”_\élwgw

simlar to that of Figure 1, the ‘apparatus shown t he
Figures 1 and 2. Ref%ﬂlt]riﬁ‘ ey TR i Qf r@ssuj!’ear?d two @Wé‘amemenéﬁpahapbs

there shown ino udesage rﬁﬁﬂﬁﬁmedo r’ﬁﬁgjﬁ‘l‘ofl@i ip@h ;s car r| ed in

beari ngs (not shown) and coupl d thr eari n not .sh an eI ectric
driving notor (not shown) so 3]%?\‘8' t&ﬁe?’% of
sel ected speed withis aysten embadwrigm GGhten aa@alilamz(st Mughegﬂi'éguelesspeeds
are possible). The vg}faelz.rrenber has forned around its periphery a groove 12
whose radi al cross- section is depicted in Figure 2. The deeper part of the
groove 30 has parall el anndi8urg & Shovs)\& @raply depiicting thei used

bottom surfaceid6 ofydiiatiIOEE oA Hedlty xdaalc tTom! h?an%r Wwil® 9hrsaitdodreeve
'_-‘S defined by Oppo?'st,eclcyof“ rsec‘}aetdelf r:éfl.sotwo rca%m cal o%ta ne ed %rom %ests on '
% o one apparatus according to the present invention;
Figures 7 to 9 show, in views similar %o
that of Pigure 2, various modified forms of a wheel
15  member incorporated in said apparatus; and
Figure 10 shows, in a view similar to that
of Figure 1, a modified form of the apparatus shown
in the Figures 1 and 2.
| Referring now to Figures 1 and 2, the
- 20 apparatus there shown includes a rotatable wheel
member 10 which is carried in bearings (not shown)
and coupled through gearing (not shown) to an
electric driving motor (not shown) sc as to be driven
when in operation at a selected speed within the
A 25  range O to 20 RPM (though greater speeds are
possible). o
| The wheel member has formed around its
periphery a groove 12 whose radial cross-section is
. depicted in Pigure 2,' The deeper part of the groove
30 has parallel annular sides.14 which merge with a
radiused bottom surface 16 of the groové. A
~ convergent, mouth part 18 of said groove is defined by
oppositely-directed frusto-conical surfaces 20, 22.
_ A stationary shoe member 24 carried on a
35 - lower pivot pin 26 extends around and cooperates
closely with approximately one quarter of the




A statiagnary shoe nmenber 24 carried on a 35 | ower pivot pin 26 extends
-around cooperates closely with approxi mately one quarter of the - 8-
peri pher f the wheel nenber 10. The shoe nenber is retained inits

. operat\ng/position as shown in Figure 1 by a w thdrawabl e stop nenber 28.
The shoe nenber includes centrally (in an 5 axial direction) a o
circunferentially-extending projecting portion 30 which projects partly &
into the groove 12 in the wheel menmber 10°Wrth small axial or transverse ™
cl earance gaps 3gerBgheryedfheheswheelThenbproj 6cti fiyepshbeomedbet Sis

constituted in p é%?ﬁ%%%oin'iesﬁﬁé%958?£§L5§%9€§99'gsigﬁga%ségand conpri ses .

a radially-directt nent men _ ut nent ~suppor downst r eam
of the abutment Fegbee, !ab¥ia wiskdrawaplacstpdr BERRGTafBextrusion die 42)
ngtre?n1of tpe abgt”?“tbFEHQEéhtﬁnfeﬁBeﬁr?H?%ﬁd@@aéeﬁﬁi%§ly“9i%5an IHEH?GF
upstream of sai ie. block. ., Upstream of .nepber 44 ap integral entry
part 46 of he sﬁﬁﬁgﬂnibﬁfgggﬂﬁPegegl55“%?855?%fg§g§§§§359gﬁ%5mhich ext ends
around the wheel prejdetifgopoatient Joavhjehoprepeetisf padslpckntol the passage
50 di sposed bel oy ~feedstogk. hop. 2, 160 r S as..t he
front face 54 of ﬁ%ggbh%n%ﬁtgﬁéngé?Q§GBgﬁﬁgg égsgggéwgﬁg%gsfggéédﬁal
cross-section whteensverse ¢lgarance;gapeffled>pyorheidhanl atdeide walls 14

and bottom Surfameaﬂ%péjéae’iﬂg’OEastian 30dishgohBbetusedf aaepaft of
gge Zald cg&tral port{on-gg 9f_i e Sgﬂé nenge§524.n§he°sal Sa ut ment nenber
, die blb¢k 40* RELDD ThdT BPLRCERONBADHBPCRES oy B1G PORBEESB? Ruitably
hard, wear-resistadiabtysdireetgd abuylmenptememnber 36, ansabetmenthe shoe .
menber is provi g ¥bif 28 YkhEtrean of the abutment member, a die o
| block 40'(incofb6}a$ing an extrusion die 42) upstream
| of the abutment member, and an arcuate wear-resisting
15 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 féedstoék'inlet passage 50 disposed below a
20 feedstock hopper 52, downstream as far as the front
face 54 of the abutment member 36. That passageway
has a radial cross-section which in the Figure 2 is
defined by the annular side walls 14 and bottom
surface 16 of the groove 12, and the inner surface 56
25 of the said central portion 30 of the shoe
member 24. | : |
' The said abutment member 36, die block 40,
die 42 and arcuate member 44 are all made of suitably
hard, ﬁégréreSistéht metals, e.g. high-speed tool
30  steels. S : | :

.

‘The shoe member is provided with an outlet
aperture 58 which is aligned with a corresponding
_aperture GO'féfhéd in the die block 40 and through
which the extruded output metal product 61 (e.g. a
35 round wire) from the orifice of the die 42 emerges.
' On rotation of the wheel member 10,



aperture 58 whitch is aligned with -a corréspdnd?ng aperture 60 fornmed in the

di e bl ock.40 and through which the extruded output netal product "Ié\g. a
-35 round wire) fromthe orifice of the die 42 energes. On rofati ;of

t he wheel nenber 10, conmmi nut ed feedstock admtted to the inl of

t he said arcuate passageway 48 fromthe hopper 52 via the inlet Sage 50
is cakdied by the noving groove surfaces of tRe wheel. nenber in an

anti-cl ockwi se 5 direction as seen in Figufe 1 along the length of said

ar cuate passageway S@umdmyted Fggdsieck: ednifigedofipathedindetorndacoltng

slug of netal devoi Gaafd iatcabiel pa8shBelvBf U8WEFomEEhEOROBhetNE2PRSBAGRAY
adj acent said die bl,ogk _40. That conti nuously urged

_ gbug of netal %s %g C g
under great pressuréH§H PAE5ERE A0uL et RbRBePTbyRENBOV P8t BEAN Sdr ag of
t he novi ng groove swirfaees oifathpr ehsalempmbenf incarnantd-elbckedsehe

netal of said ug tihr. heg 0LLEiI.Ce 0k ext Lan«di.e h by
provi de an ext udedd?g%%gﬂg&t%ﬁtggggdggtﬁﬁgpgﬁ ?ségég tﬁgguéﬁﬂgﬁé gggrtures
58 and 60 in-the shé@ife@Fsnakedraseagpwex. 48n and parezgipmeraisd, ande

out put product conprdcipacteldr kahiropPREEoMAesRhgdugeleth2MiaWBlia elFOPped
pi eces of wire which onstLtute.thﬁaga#gr%eedst
et~ o

ck. 2Q. A wat
pi pe 62 secured aro efﬁélﬁgﬁefn g §ﬁ8glﬁﬁnﬁgrt53 RaESageNRyY -
nozzl e 64 positi onecdgatendcsadd dihet hdoskd4Oof ThatsadugnefbmetaBatislies
adj acent the el ks h Al Lgpe e+hkpe
suLpIied wth 25 cool?H$gﬁ%}e§?g?ézg§?g§t?géﬁgtggégag?gr&gggg%gl;Hgf tLZ
downst ream parts of &ydmgnk memberehBethonérictionpdsdragand 4Bt ovias

gragve 12 in the wh@@ooﬁ%ﬁb&&fa@gs.Thmaattfﬁeébﬁrefisheutfsaiead gb the
e (el O RRe ke B8 aRha' DTl °Rhrdlen th3 8778186°¢
' - the extrusion die and thereby provide an extruded
15 output product which issues 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.
20 . - A water pipe 62 secured around the lower
. end of the shoe member 24 has an exit nozzle 64
positioned and secured on the side of the shoe member
that lies adjacent the wheel member 10. The nozzle
is aligned so as, when the pipe is supplied with
cooling water, to direct a jet of water directly at
the downstream parts of the abutment member where it
. 1lies in and abuts the groove 12 in the wheel
- member 10. Thus, the tip of the free end of the
abutment mémber (where in operation most of the heat
30 is generated) and the adjoining surfaces of the wheel
member and groove are directly cooled by the flow
thereover of water from the jet directed toyards
then. ' '

er

The die block 40 is provided with internal
35 = water passages (not shown) and a supply of cooling



nmenber and groove are directly cool ed by the f1 ow t hereover of *water from

Ndi rected towards them The die block 40 is provided with internal
er passages (not shown) and a supply of cooling  -10- water for -
g the output product |eaving the die and extracting sone of the
heat D€ing carried away in that product. But no such internal passages are
formed in the abutnment menber. Thus, the 5,_ strength of that nmenber is_s
not reduced in the interests of prOV|d|ng i nternal water cooling for

cooling that nerMfier foraAYEPPing ol qWipwr’ Rirdugipeaingsihve

enhancted ?y grovdﬂb %f@t’df&;ﬁﬁig’irs&fét of Stnféd'}i@a@u‘ Sate6f>n V& rt 1ed hzgpertﬁz

so as to feed sone cooli wat er sai d_ar,cuat e wa Wi

the comminuted fEEdsHEK: 1?1 qrhoed%% eﬁ}% ’{%és‘tq‘hé- ’gﬁa&s&g

the extrusi on zamee mralmhtln h@l’lejlain:tﬁtmmkt Aerfifer. |’.§1u31d|tiae ed at 66 :

From t hat rﬁt al siih ﬂl{‘%ﬁ”ﬁﬂ&% ﬁﬁg&ctlé %@B‘tzré&jféb# Ug, t he extrusion
t

die 42 by e pressur In that zone. That pressure al so acts to extrude
sone of the netadinienatigh Aheraid 8 dntamalaat e sinhf 3 bet ween

the side walls docling ﬁﬁuxgﬁémngrfumithe respective opposing surfaces of

the die bl ock and abutnent extr ded radual | y_ builds up
In aradial direction to f]t#TEréT%]ﬁep e()fc"\'/ﬁ n%{aifh% lﬁ‘%&% I n order
to prevent t hos enapsiee e;thax;ned;)rhxmmwxﬂirlarcgm]tmg&ratemandl e and

control, ®! ur lti/n@f V@JeSx‘EL% HddE 3 e & on the

di vergent vval | saéz% const [ tuete tﬁeé ngl ha.%O!;lB 0 é\‘fﬁée{:;“gérjoove 12.
Those teeth are SRRY¥ %V%ﬁ?aéébt%r% Ife afrat e, PARFLAAT 428t h on one -

of the with the comminuted feedstock. = . o’

In the Figure 2, the slug of'compacted
metal in the extrusion zone adjacent the die block 40
15 is indicated at 66. From that metal slug, the output
product is extruded through the extrusion die 42 by
the pressure in that zone. That pressure also acts
to extrude some of the metal through the said axial
clearance gaps 32 and 34 between the side walls of
20 the groove and the respective opposing surfaces of
the die block and abutment member. That extruded
metal gradually builds up in a radial direction to
form strips 68 of waste metal or "flash". In order
to prevent those waste strips growing too large to
25 handle and control, ‘a plurality of transversely-
directed teeth 70 are secured on the divergent
walls 20, 22 which constitute the said mouth 18 of
"the groove 12. 'Those teeth are uniformly spaced
around the wheel member, the teeth on one of the
30 - walls being disposed opposite the corresponding teeth
on the opposite wall. If desired, the teeth on one
-wall-may-alternatively be staggered relative to
corresponding teeth on the other wall.
. - In operation, the inclined surfaces 72 of
35 the die block 40 deflect the extruded waste strips 68



. 30 wal l.s bel ng di sposed opposite the corresponding teeth on the.gpposite
wat|. If desired, the teeth on one wall may alternatively be stqgggé d

rel ative to corresponding teeth on the other wall. In operation, '

i nclined surfaces 72 of 35 the die block 40 deflect the extruded waste
strips 68 obliquely into the paths of the respective sets of noving
teefgs 70. Interception of such a waste strip-188 by a noving tooth causes a

piece of that stri %gﬁ(ggepﬁt%osogﬂsbﬁ%gﬁf\s L e Pt Re Rig oKt ruded

metal in the clearance waste extruded strips are renoved
as soon as they extReviradiesty Tar chiafiraRbinn off @uedprre¥adtea novi ng
tooth. In this way dfweip fddy d mdrimericsti raide’n@hipie cenmEnageabl e

proportions. 10 . The said teeth do qgt need tq, be sharp, and
can be secured in a§T SR TR Y HaHeTH 3G LBV TR 9 6. g. by
wel ding. In the Fi gextesudedmethlarin sthewelodrandeegdp f i tthess,i suaal ogous

manners to apprOpri‘g%&el%xtrxfd"gé a:ﬁflilﬁ% ﬂ&eﬁeélfrdé{j@ag o a%ec?{?gmnber

10. In those alternallve arrangene he ext sur faces of wheel
member 10 cooper at eXFend kA diatyIgnanghhee hf fndescertede bfodper at i ng

3hoe rrgnber 24I mﬁfrﬂb@’iﬁ% ﬁfiﬂﬁ# | cnﬂhtms by thd tfladh"ags ipa-eazleparetd cul ar
esired way. n Figure the flash is caused {Q in a purely
tranverse or axi al .-qnécxfefacﬁ‘}?lrtﬁltqqmarr{aqesaaqtﬁ% gorlizoepp%g\%gﬁr]'a radially
projecting todh, whereupon tThe sRitctadth Idsmat newd tovde fahanphend
extruded metal in thg, 35 seé\§§§f@f’& %f'é‘@fﬁ%ﬂﬁ& nehdd Wi the the

row in an o |

flash is caused to I que rectiqgn (as'in the case of Figure
2\_but is interceplRRPbyReRRAT 1H Fr&r HRNIL A& |y fromthe surface of
t he wheel nenber 10. In the Figures 3 and 4 are shown other

teeth fitted in analogous manners to appropriate

15 surfaces of other forms of said wheel member 10.

' In those alternative arrangeﬁents, the
external surfaces of the wheel member 10 cooperate
with correspondingly shaped surfaces of the
cooperating shoe ﬁember 24 whefeby to effect control

20 of the flash in a2 particular desired way. In

' Figure 3, the flash is caused to grow in a purely
tranverse or axial direction, until it is intercepted
by a radially projecting tooth, whéreupon that piece
of flash is torn away from the extruded metal in the

o 25 associated clearance gap. | |
- In Figure 4, the flash is caused to grow in

an oblique direction (as in the case of Figure 2),
but is intercepted by teeth which project radially
from the surface of the wheel member 10.

30 | ' Referring now to the Pigure 5, the system

| there shown includes at reference 100 a continuous
extrusion apparatus as jﬁst described above the
butput copper wire produced by that apparatus being
indicated at 102, and being drawn through a sizing

35  die 104 (for reducing its gauge to a desired lower



30 Referring nowto the Figure 5, the system t her e “shown

i-ncl u at reference 100 a continuous extrusion apparatus as just

descr above the output copper wire produced by that apparatus being

i ndi c: at 102, and being drawn through a sizing 35 die 104 (for
reducing its gauge to a desired |ower -12- value) by a tensioning pulley
devi ce 106 around which the wire passes a pIurallty of times before passing
via an accummul ator 108 to a coiler 110. Thée pul | ey device 106 is coupl ed”
to the 5 outpuva&haﬁtbmfaamenbeohingapulmegudevmber1@$Zaybgﬁg Whlch

t a t o n apparatus 114.
Tatter 15 responeing forapestPl Eb1ASatt ] B2 hiRer RRE0RE Fodhlinom o
W re tension sensb+2128 ﬁﬁFBﬁmBﬁ§§g§s1QﬁetW|ﬁecmmleat13010 p05|t|on

between the extrusion appar ahuSp&QQeyndeweeShésﬂﬂsdbsu da 28dbi ch
ent on e tension

d d a
Paorheeaﬁﬁz 85 a%u%ﬁgtoﬁgﬁg% 8? Fﬁe iﬁ? H%Fﬁt 535&?8tﬂ§t90011&nuh@%e(b) a
second eIectrlcalenﬁrsisstgaal1szprdeideedandoabﬁtrenpedabyrs 8&MePs1 122

whi ch neasures thgP gpggﬁ yig, of g 194 g;%?é25§9¥ﬁﬁ8tF%%eXtrUS|On

apparatus 100. .Th ontro appar a u PhCOT p Yenerat or
122 which is res h%?teetﬁcgﬁtﬁaQOSisnﬁbcbh@ deciped afrom)asvimal 120 and

provides at its oﬂémsioﬁlseﬂsbra118|ﬁﬂiéheénéa§§s §h@3ﬂiré296?ﬁ%@%%£{Ygufgr

Lomper at ur ol opr AT 46, Bt heotn Bhe E8 s Lon “appargtia (FQ)and ke
That third electrﬁtadn8|@nQI1QQ5 and supptheprovides chersat® sigwwl to a -
comparator 128 (% Sgndnldn %1884 F1 60N SEnBPPRLFbNRnt ol UL {lifard !
first (tension) Signghe wires183q£€rthe output of the extrusion
apparatus 100, and to (b) a second electrical
15 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 1ncorporates a
function generator 124 which is responsive to said
20 second (temperature) signal 120 and provides at its
output circuit a third electrical signal
representative of the'yield stress tension for the
particular wire 102 when at the particular
temperature represented by the said second
25 (temperature) signal. That third electrical signal
' 126 is supplied as a reference signal to a comparator
128 (also part of said control apparatus) in which
the said first (tension) signal 116 is compared with
| said third signal (yield stress tension). The output
30 signal of the comparator constitutes the signal for
controlling the energisation of the torque motor.
In operation, the torque motor is energised
to an extent sufficient to maintain the tension in
the wire leaving the extrusion apparatus 100 at a
35 value which lies a predetermined amount below the



said third signal "(yield stress tension). The output 30 si gnal
conparator constitutes the-signal for controlling the energi sation g
torque nmotor. In operation, the torque notor is. energised to an e
‘sufficient to maintain the tension in the wire | eaving the extrusion
apparatus 100 at a 35  value which lies a predeterm ned anount bel ow the
-134 yield stress tension for the particul ar—Wre at the particul ar

tenperature at whi Cﬁéid@@:\@stf&zmﬁ L@élontx@@ppélaﬂ@ulev%e\iﬁaé af e
description above reference 5 se of mater j-et

for cooling the abuPﬁEﬁ%C%%ﬁbe?eT??FaY%ﬁ% %F g?ﬁ%? bﬁ $RCTi¥T ds (or even
cooling gases) coul exbrusised appdratias Even jets of appropriate |iquified

gases may be used. 10 - egar 0
referred to in the above descrl ?%é?gﬁ'gﬁﬁg%%ggggﬁﬁ€€nd Ea%nﬁbé E K$€
shaping of the5l eachag beee: qad% tq Hehe uese nef or water nzge‘édﬁ%l) efo

tooth is 15 not t Sigle AS r SODY; function
is fulfilled; (b) tﬁ%ém%%f%gﬁg IIéar an%eti)gt?vg@ﬁs o8 btmed dseachﬁ%oot h 70
and t he adjacent ophdERHES LT BESRCOPE %%aﬁ?%ﬁ% cgﬁg% 424 is not
critical, and is ZOinsté;@LcaE#qnnpetgreﬁtepprhpniateolﬂqwhﬁmcgaales\g to
t he speC|f|c desi gn g% e, %&aratus (c) the greater the nunber of teeth
spaced around each e of e wheel nenber 10, the smaller will_be the

| engths of "fl@sh" renoved byRegsndiss the ;Blash+AemEVLng ckedthmlObe made

of any suitable matpgegtredUsd 88 £106 @x@ﬁal&eséﬂﬂbtﬁéﬁﬁlitaswould be
U " noted that:- :
' (a) the shaping of the leading edge
(i.e. the cutting or tearing edge) of each tooth is

15 not critical, as long as the desired flash removal
function is fulfilled;

(b) 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

20 typically not greater than 1 to 2 mm, according %o
the specific design of the apparatus;

(¢) the greater the number of teeth spaced
around each side of the wheel member 10, the smaller

_ _ will be the lengths of "flash" removed by each
L 25  tooth;
< , _ (d) the teeth may be made of any suitable
material, such as for example, tool steel; and

(e) any convenient method of gecuring the
teeth on the wheel member may be used.

30 It is particularly beneficial in cases
where the feestock is in particulate form, that the
radial distance of the free planar surface 40A of the
‘die block 40 from the bottom of the wheel groove 12
progressively decreases as th outlet end of the

35 passageway 48 and the abutment member 36 are




(e) any convenient -met hod of securing the teeth on the wheel ménber.nmay be
.used/ 3 It is particularly beneficial in cases where the

f eest is in particulate form that the radial distance of the free

pl an urface 40A of the die block 40 fromthe bottom of the wheel groove
12 progressively decreases as th outlet end of the 35 passageway 48 and
t he abutnent nenber 36 are -14 approached, since by that neans, in a%
zone inmmedi ately ahead of (| . .upstream afiy he abut ment menber (|n whith .
zone the feedstock naterl has beco acted into a solid nmass of

f eedst ock 5 ne ﬁ%? P&ncﬁlgﬁvggﬁgnﬁﬁaﬁéhléﬁe& iZ?"%hat zone is
simlr to that ac.lmnrade@heriyt ledteadond (i .easapatirenn o )d thee ddudments in
solid form Wer gamydl (1% A6 doe! il %eafs% oG8l hag! 0 | S

driven by an electric dr|V|ng W thin the stated

range, other | i k&&GRRCGHPECHY ﬁﬁﬂﬁeaeﬁpﬂé§|@#9ﬁa@ﬁ Feedsdpclr i | i se
hydraul i ¢ dm vi ngagtRans trd m@matfaoart p&[tltre(i"w Ia%helewaml&hg tﬁl@ﬁbe%neAS an
alternative to |ntro§pC|n g%%!onal oq%ﬁﬁg wat er, i nt o
passageway 48 via %‘_g &C hﬂ'(? Y5& & FR8€.¢& s§° ?uch
addi ti onal cool i mherst saidafeedstockodacdn isoilddt farmpassageway (for
exanpl e, via a passage 67 h@dd Aa %ég%@@g o 4 ?t AYn at%gs%%ri at

whi ch said 20 passagemay Is filled w particu eedstock

whi ch said parti &gubed 1048 Gé'l?-vteﬁerb@' ﬁ'nl §1ﬁ6’("71'}€t dﬁ't}lvllygc@ﬁﬁ‘&é‘tneé-t It is
believed thyy thesgdeds bﬁﬁﬂﬁlnCIﬂ:le B odf ¢ n@:tmreevllti&@Jbspetﬂaﬁ:mgesent

I nventi on, particul t he re erred ooI| _-!'
descri bed above\ﬁqﬁiﬁﬂgngeﬁf éiPﬁe §%may uEQQE %faraul o/
driving means and Operate at appropriate running
speeds.

_As.an alternatiVe to introducing additional
15 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 example, via a passage 67 formed in
. the shoe member 24) at a position at which said
20 passageway is filled with particulate feedstock, but
at which said particulate feedstock therein is not
. yet fully compacted.
It is believed that the high beneficial i
mode of cooling provided by the present invention, #_)
25 and particularly by'the preferred modes of cooling
- - described above with reference to the drawings,
arise principally from the fact that the heat
absorbed by a part of the wheel member lying
_ temporarily-adjacent the hot metal in the confined
30 extrusion zone upstream of the abutment member is
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 cobling-zone~a copious supply of cooling fluid
35 is caused to flow over relatively large areas of the



arise principatly fromthe fact that the heat absorbed by a part of the
wheel nenber lying tenporarily adjacent the hot netal in the conjfngd 30
extrusi on zone upstream of the abutnment menber is conveyed (bot hihyt
conduction and rotation of the wheel nenber) fromthat hot zone to a
'cooling zone situated downstream of the abutnment nenber, in which cooling
zong, @ copious supply of cooling fluid 35 I's caused to flow over
relatively large areas of the -15- whee. st¥dber passing through that

heor bed by the whekheSanaiber"FASLIAR! BoPbaR PLARE SIODIAL b Wlas |

absorbed by the whee exirusion zone,
this cooling zone ateedstracththoRefromedblish sprerertian itide hant

relalively | arge supbaepsedf byhsheRABEL BEbEF CLh YLy ad Rt Fdidwol i ng
purposes. -This is in direct contrast to the extrenely small and confined

cool ing surfaces t h4P"%0 can be provided directly adjacent the extrusion
zone in the pagts of the sai dIshthisegbelifg. zone hacciéss bt octkhenrwhedlt nent

menber) that bound Xt LUS] ' as 1By éggye, t he
cooling surfaces t hggﬁfégﬁ Eé %%%gl ggﬁefﬁéﬁﬁgéeﬂg‘r&{% ar e\}%dl severely
limted in size by eaefaeced 0§ @Bﬁ§eﬂ9@b9ﬁe3«ﬁécgﬁﬂ?%ﬁl a i MR st t hose

'partﬁ and so enabl ecbbeihgOpinbeb¥s\i t TEI8Ndst DR Ekié¢Hi dnprasStUte shert ed
a1 d o0l i ng zone. oA UE8RGIE ALY AR B RO TR IIB TR TErT oAt o
wheel nmenber 90 net ear havpngvided dhecentlycadjacenti thesextougion zoreific
heats (per unit vol ygelneHRUSKE! orSkRGeshlE 8RbY WORESr TEITSL . theTaggasons
Of\B{OVIdIng adequabgock andnggn%gggglmggigg ttha%SbQEQE gﬁaghgf fggigh
strong . _
' zone. As has been mentioned above, the cooling
surfaces that can be'provided in those parts are
15 severely limited in sigze by the need to conserve the
mechanical strengths of those parts and so enable
them to safely withstand the extrusion pressure
exerted on them. :
The convéying of heat absorbed by the wheel
20 member to the said cboling zone can be greatly .
enhanced'by the incorporation in said wheel member of
metals having gobd thermal conductivities and good
gspecific heats (per unit volume). However, since the
said wheel member, for reasons of providing adequate
-~ 25  mechanical strength, is made of physically strong
. metals, (e.g; tool steels), it has relatively poor
heat transmission pfoperties. Thus, the ability of
'fhe whéel member_to_convey heat to said cooling zone
can be grea$ly_enhgnqed by'ineorporating intimately
30 ih said wheel memberjgn_annulér.band of a metal
having good'thérmal_ébsorption and transmission
properties, for example, a band of copper. -
" Such a thermally conductive band may
conveniently be constituted by an annular band
35 secured in the periphery of the said wheel member and



netals, (e.g. tool steels), it has relatively poor heat transmn ssion
..properties. Thus, the ability of the wheel nmenber to convey heat to said
coqggéﬁ_zone can be greatly enhanced by incorporating intinmately 30 in -
sai eel nmenber an annul ar band of a netal having good thernmal absorption
-"and transmission properties, for exanple, a band of copper. Such a o
thermal |y conductive band nay conveniently be constituted by an annular,,
band 35 secured in the periphery of the gald wheel menber and -16- .
preferably constituting, at least in part, The part of sai.d wheel nenber in
whi ch the said cbrefiefabbnt cahsyisuvings abthGStOIprparﬂe thet pathe shoe

menber) the said, ?aéia@eWﬁ¥e14QEmbér n whlch the sBigases where the
ext.rusi on product o he machipe is o% haV|ng sui tably good ther nal

properties, the %h?ﬂ“?ﬁ%?ﬁﬁFF?lcsﬁeaﬁﬁl%% Saﬁﬂeﬁa§°bﬁr66h%%séul the sanme
metal as the extghséoilepbeddcthéesgidconpeagewdd (48). - . In other

by, 2 second amnul arband. ihPERCSoRBRECLIRG FECEROERR BanBoREiaF S8%Che
extrusi on pr oducmachinaeisnoki semahali baVﬁnsoatz&tebWteoodaethepmpbrt i on of

t he sai d abut nen ggnb tgﬁ pﬁg b f feﬁ | s.
Metal s which nm bﬁééﬁggé g :g;eéggg e ﬂi Ebﬂ ﬁ%%fgeﬁga@gﬁa &
r

n
selected to havecgnﬂ?ﬁﬁ cPape Pﬁ@ éhﬂuEFFVF?§°ﬁnBr§$E€Fflc heat
per unit vol ume (&ag.toeoppetrdel’, and include the 20 following (in

decreasing @rder of said pigdgghgr cggggersggal¥ﬁ£rm€?%%_+bﬁ§ﬁ%g§%gand

al um ni um Tungsten, rhodiUm “irli
iron. The rate abanhunayhbatenhﬁdéedcbnve9cdbeyoverlaid by, a second

annular band, which second band is of the same metal
" as the extrusion product of the machine and is in
contact with the tip portion of the said abutment
15  member, the two bands being of different metals.
' 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
20 following (in decreasing order of said product) -
' Copper, silver, beryllium, gold, aluminium,
tungsten, rhodium, iridium, molybdenum, ruthenium,
zinc and iron. | I -
The rate at which heat can be conveyed by ~/
25  such a thermally-conductive band from the extrusion
zone to 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-aectional dimension ‘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 memher haVing an effective diameter of 233 mm,

X



cooling zone is dependent on the radial cross-sectional area of th

and is increased by increasing that cross-sectional area. Thus, f

gi ven cross-sectional dinmension neasured transversely 30 of the
circunference of the wheel nenber, the greater the radial depth of a said
banqggthe greater the rate at which heat w |41 e conveyed to the cooling
zone by the wheel e u at d 35

wheel menber havi ngag% %f?%cg%ﬂfvéef er ofg@hﬂp aJ@l%asa:llﬁdd a speed of
rotation of 10 RPM thﬁmalba-r@onmmﬁF yb%%dQ%tW/EPQiarbe\bﬁn&chd@f #ving a

radi al cross-sectioprQiglhsbfbsn dheglan eF\’tl‘:’é F@EB/GB'R'nQof'Q%an yngd he
extrusion zone to the said coolin

he, wheel b virtue
of its rotation al oR8at EFPRSERE, %%é?%%hﬁ%rz%m% tﬁﬁ?w?%ﬁiT?Qég*Qﬁ?%ﬂF(ﬁ
t he radi al depgh orbyxtnatwheeMWmembew;mbzlEimmuennf(fﬁé motastEl ext ialpne ot h

t he wheel nenber }Eggefn'9§§. %E%ss wt$§%h 5{&@ n g!th

variation 10 radral e copper and t remai ns
at the bottom of ththsarddtalc®ﬁP%he®t|§¥tgﬁﬁd9%'Yhigh QTﬁﬁﬁﬁ(ﬁﬂﬁﬁH%ﬁﬁ¢3ns

W?rel ;)as]?dt gn \";\‘hsa: @359p986p9m%ﬁ§¥#MV?ﬁ@ ﬂi@elﬂ%@ﬂ@éﬁ perid sratem!
steel) o e whee n interface,o era C
configuration as seéﬁgi’n%éagaﬁ?%?eﬁrlg dSeY: I—é:%c%ay’c h‘é‘#’ﬂdﬁ}gaﬁﬁ{a“°“
Cross-sectionab areaf" ﬂheoradhalcbppekneemd"waroésthm copper | bardrthamner
wth the said radial.ohRs f§Ng§Sthd G%tﬁﬂp@frtﬁe é@ﬁdh@iréﬁﬂfgréﬁﬁfhﬂrOOVe

25 such a thertally-conductive band fromthe extrusion zone to thex
<
P

gé;é’ 20 T (m groove (12)s These calculatlons were baségvgn a said
2.0

eopper bard - Waving with the adjacént parts (tool
' steel) of the wheel member an interface of generally
15  circular configuration as seen in a radial cross
gsection. Hence, the radial cross—-sectional area "A"
of the copper band varies in a non—linear manner with
the said radial thickness "T" of copper at the bottom
. of said groove (12).

20 T (mm) A (sg. mm) R (kW)
1.0 | 18.0 5.1
1.5 22T | 6.4
2.0 O 27.4 | 7.7
2.5 - 32.1 9.1
L 25 3.0 _ |  36.8 10.4

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

' operating at aaid“wheel member speed and extruding
30 copper wire of 1. 4 mm diameter at a speed of 150
| metres per minute, heat vas extracted from the wheel
member and abutment member_in said cooling zone at a
rate of 10 kwlby coeling_water_flowing at as low a
rate of 4 litres per minute'and providing at the
- 35 surfaces to be cooled in said cooling zone a jet



an

32.1 9.1 25 3.0 °

10.4 I n one practical arrangenent having such a
d a 2 mmradial thickness T of said copper band at the
groove (12), when operating at said wheel nenber speed and
copper wire of 1.4 mmdianmeter at a speed of 150 netres -per

m nute, heat was extracted fromthe wheel nber and abutnent nmenber inx#

said cooling.zo
rate of 4 litre
cooled in said.
netres per mnu
reaching the co
conduction of h

ne at a rate of 10 kWby codfTng.water flowing at as |low a
sr@mcmsnuiﬁ Wq&rmamblyg 00 thet Bés pesunim'ee to be

cool i ng 202“1} lféat exﬁﬁac@’fér?ciaé%’e OInc?fgéﬁé‘%”?{xEch 800

te. This h raction ra cate
oreaily mgﬁc@n&t@%fcme zoneNak a ratel of otomade

el 3ty oaha Sresulh o B Kb C&dﬁh&f&ti’@n b@fdheaiaetaﬂb@gﬁnt

wheel nenber parts, and,the ut-nment. ne he, t enperat ure
gradi ent ex? sltol n@%eﬁ%ﬁ??@%@&‘?ﬁﬁ%ﬁg a?'fgju ‘Fl%ntco%li‘??ljg BRRET Thi s

nmeasured rate o
cool ing zone co
extraction of s
cooling water i
formed in 15
rate of exL act
cooling zo
cooling water 2
above with refe

15
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35

f pExte pcand gthe cd bt elrdt memm;:onhdm@eavahyrtﬁéovm ng in the

E)rprr%{i ﬁgﬁé/ﬁ/% I@%ﬁ%éﬁ%&%%%cﬁﬁ evg% e %{ O owi ng

reene #d ofhereoqki®rzanf ough i nternal cool i ng passages

the abut meyy i sresdigsurdd quwe 6o hOXbribeiN@Ynédt WhyCh the
Lﬁ? heat romthe eel . er and éig%én--nenber in said

& NREET ¢ %’r’f%t b &€t | ow of the

Ocompamen)lvexy tfmtdlatatzlmeniﬂlhea emaximrm nrate hofichelsscr i bech

r@i%éﬁ&:@%f’rédﬂé‘gﬁ d"%«:‘w%ﬁf’%fﬂéeﬁ hfound to be
achievable by flowing cooling wvater in the prior art
manner through internal cooling 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
Figure 10, and indioated, for convenience only, in
dotted-line form in Pigure 2. (It should be noted
that Figure 2 aleo'depicts, when the copper band T4
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 Figure 2 the said copper band had a
radial cross section of U—shepe, which band lined the
rounded bottom 16 of the circumferential groove 12
and extended part-way up the parallel side walls of
that groove. | -
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p}actical_tests wi'th a said thermally-conductive band of copper, which bgnd
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I s shown at reference 74 in 25  Figure 10, and indicated, for conv >
only, in dotted-line formin Figure 2. (It should be noted that Fi J
al so depicts, when the copper band 74 is represented in full-1line e
transverse sectional view taken on the section indicated in 30 re 10

at Ilgll.) As will be understood fron1refergqgg 74 in Figure 2, the said
copper band had a radial cross section of U-shape,. which band |ined the
rounded bottom 16 of the circdiifeTéntli ShoySodre 21Y1igWdséridadedopihetvaf up
the parallel side waiguref 8% modilfdlcadieavesf the ¥Heeki bmBef 30OVSIhN a

i ew si | hat, ,of, Fi 2 A nodi fication of the wh 10, |
Uhat modi f1 cat on, - 08 ASSHATAE Bind FBLHA CBRYRP SRR T8 BanCPRREal |y

rectangul ar radial dreysisig B subsdentdally megtasgularanddébinpedssecurel y
bet ween cooperajing I qﬂ?gga’ 7 f ~5al e s to
be driven by s?id chs}fa r?erfr:frn}:sre'si,n en a%' r%ﬁngighgfphgﬁbﬁgﬁ ggitgggﬂeek
nmenbers are carri ed GeORETAIRE Bteld cheek AgnRersr 78TRE Bakd vbeed has,

at least intially, adWbdr, gy elddo PeO@ArdvERALYPIBAENGhEBE hiefibersOwhen’8A
bet ween the two cheekﬁpanhers 8..,That qr.ogve revEnti t he entré bet ween
53%?5 §%¥e g

t hose cheek nembers % rdﬁ’f"(ﬁ Tk, VR4S 38, dbg maﬂPFﬁa Senbl y of
the wheel nenber 10.carsied Genprdven dyy sedidsdeivéngcabton:f afbe PeBdafié

i sassently of S hosdaat it JERMY SoAIy, Ko skeBtl ThboRAal krasTs TEN o1

groove 12, is formed ahning tbﬁ%é“(&%‘&pdﬂ%%%"ﬁf"\‘f&?&l Ehead¥anSrREE: he

shige: nenber 24 aboutmemlfers VRE. PiThaib growwedprebents the entry between
those cheek members of any of the metal of said band
76 dufing 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 pivotally 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

N 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. '



peri phery of the rotating wheel nenber 10, so as to bring the tip of, the
-abut menber 36 into contact wth the copper band, and thereby cause it

to maphine 25 t he copper. band progressively deeper to formsaid groove
12 theff . Figure 8 shows an alternative formof said nodification of

“Fi gur 7/ in which alternative the thermal | y-conductive band conprises
I nstead a 30 conposite annul ar band 80 in whi.ch an inner core 82 of a_yj

metal (such as copper) having good thernal -poeperties is encased in and in

- good thermal rel ationship shea an zi nc)
which is.the sanme as that. r%ig%g§59 Bgfgrud E?gﬂ@% %l%agﬂ?ﬁ gr%

Flgure 9 shows a 6firshid. madifination bﬁrﬁieﬁrsaTd tmdviiichtion of Figure
7, i n which a'ter&ﬁtémﬁatﬂﬁetEﬁé”ﬁbb¥m&9ﬂ§UEBhH€c9§09 Ggﬂwraéﬁgrigééead a

conposite band 86 1n radi al I'y-1 nner . annu ar t_88 thereof is
made of a netal (4BERead EOSBGP?SE§9|h§n60§§ tRelfRifh pf opRf $ 2 LT aHRNE S
encircled, i% goodnhimamabarel asl ohebepf by nadadosl AymetaEr (suehl a8 part

90 of a metal h ed_b hg_machi ne.
Said 10 C|rcu g?é%? ﬁagro v Pé gégk gdpgébég?gg%bx?%eﬁ? menber
whol 'y within sai enecinriefy- entspogathegmabfre&aalgaﬂUipwebn|e whi ch can be

ggtrg?egngyi?gt;F?h&gaﬂﬁ?ﬁg?ﬁérﬁ?gﬁﬁiﬁf'ngtabgvsf'ﬁcﬁﬂgﬁl g%ﬁc%nis 't
P penot od t 1B sameone HBRtaRe be eRurpist iy Ehecrastiaenn: SRL4

‘not referredOto'|oirbumfeaentibélgnobaeeisemachﬁﬂedthp sabd eabutmént he 20
respec“"e sets OfefibarMinghLipt Qi%h?h‘ Ehiﬁ P&h?&hy-outer part 90 of e
said band. At

Metals which can be extruded by extrusion
machines as described above include'

15 Copper and its alloys, aluminium and its
alloys, zinc, 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 British patent
applications, namely, No. 8309836 (publication
No. 2 134 428) from which this. application is
divided- and Nos. 8402415, 8402416 and 8402417
(publication Nos. 2 134 828, 2 135 616 and 2 134 829
' respectively), all three of which were filed on the
25 30th January 1984 and claimed priority from
'application No. 8309836 and the earlier-filed, now-
'abandoned application No. 8302951, filed
3rd February, 1983. o '
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abplications,‘nahﬁly, No. 8309836 (publication Nb. 2 134 428) fron1$pLeh

this application is divided; and Nos. 8402415, ' 17 ;

(publication Nos. 2 134 828, 2 135 616, and 2 Jgﬂmﬂﬂ“ﬂuﬂuﬂlﬂﬁé Y)Q 4

t hree of which were filed on the 25 30th Jandary 1984 arfd ¢l ai me

priority from application No. 8309836 and the earlier-filed, now abandoned

application No. 8302951, filed 3rd February, 1983. -21- CLAIMS 1.

A nmethod of producing a rotary wheel nenber adapted for use in a rotary,

friction type, conticpdems extrusion apparatus, which nmethod 5 conpri ses

the steps of: (a) prodocing a,rot wheel having fornmed in its cylindrica

peri pheral parts a éOntinuousA'PﬁgF§FI9§eQFBaBFﬁ 3gPOSVg?r§nH §8§uPQBgFﬁ

t hat groove for novedeptedi fhrsasd peraphetarypafricoionatgpeheel 10 an

annul ar metal mass; Jofksnh8ha! bREraaldavgel 880N, khichohdkkogx!s: and (c)
ery of sald annular al’ mi

applying to the perip / ss Secured In said wheel
a tool of 15 5 pregempritatdtBadSEABBeofand progressivel y advanci ng said

tooI_in-a radi al direction as(ggidpybggbiﬁgngipgqgr&owhggitgaw@géebyrﬁgd
machi ne in the periphe I ng groove

r.al a;is oi sai d_annuyl ar _netal mass a_wor
of predeterni ned de%Pré%stBK Ber EairggglfgeralsgﬂfFSnQI°8H§gg3°§ﬁPd
peri pheral parts of redidlagrektendingl grasveyhanldl detunedsandthatkgngove
bei ¢ . b , . b o _ h
Bt edet er m nad  codst oeiAoepAPnty kEtn a2 pbSibharat, pRER DY a1k Ghedl
appar at us wher Gequi ffe@nApLAT Retal mass; o

AN (b) rotating said wheel about its rotary
e | axis; "and _
(c) applying to the periphery of said
annular metal mass secured in said wheel a tool of
.15 predetermined end shape, and progressively advancing
said tool in a radial direction as said wheel
continues to rotate whereby to machine in the
peripheral parts of said annular metal mass a working
groove of predetermined desired transverse cross
20 sectional shape; ' _ '
said peripheral parts of said annular metal
mass which define said working groove being of a
composition which is substantially the same as that
of a predetermined feedastock metal that is to be
- _ 25 extruded in a said apparatus when equipped with the
“wheel member so produced; and .said predetermined end
. shape of said tool being substantially the same as
that of a predetermined abutment member which is to
be used in that apparatus to close the end of an
30 arcuate passageway which is formed in said working
grobve by a shoe member which when the apparatus is
in operation co-operates with said cylindrical
peripheral pafts of said wheel member.
2. A method according to Claim 1, wherein
35 said annular metal mass secured in said wheel groove



wheel menber soe produced; and said predeterni ned end shape of said -t ool
. being substantially the same as that of a predeterm ned abutment member
whi

appara & IS IMn @peration co-operates with said cylindrical L
peri ral parts of said wheel nenber. 2. . A nmethod according to \r
Claim1l1, wherein 35 sai d annul ar netal -ga@ss secured in said wheel groove

-22- is in good tge %?'oéﬁ'%higHaﬁ'PeW%EHoiégq %b sgld whgg%sAégﬁhrgg |n.

according tao d ai'm-1 nnular net al
sai d wheel groové@-conprised aﬁtéﬁﬁuﬂa§oéﬂla£fﬁﬂ%plpﬂ@déternﬂﬁQGMSZ met a

lyi ng concentri CanleyeWnt Basai dnwhieal h@t&i'Qaﬁ@eﬁbcﬂ&%GVQnaﬁﬁlﬁeMﬁgel
envel oped within a sheath of 18.5econ

d B n1n§% n% said sec :
predet er mi ned meIP°F&F LR 18884 2o AR HS“SrGSV@ ds ePﬁ&deﬁe§86&e herwm
rel ati onshi p w t medaild lyingt conedateicnidg ¥Ath ssddalwheél in saidA net hod

according o O aiyheb1of:GodaTara WAIEE UndaidoBlnWide IekalentBes Soured i

-to b paratus to close the end of an 30 arcuate *
W I“lll I” sai d worki ng groove by a shoe nenber which

sai d wheel groove conprises an ann ermne yi ng
concentric with §&|cendh@é'9dﬁﬁernénsét petals saigds sespadmeﬂeﬁe@weeénd

bei ng overl aid bxheasaaeca@&dnaﬁ@ubuidohoekaago@@oawdahar Belfg 7Bl %bodsal d X
first predetern1 ﬁ@ mﬁé? |E§ g g her | r.el tlonahlp wi.t N .said

second predet er mi‘ned afigoghiy ¥ikg,gey eé@?@ nPREdeeraingsd: i ni ng

said 20 Wor ki mgtadoove. 5. A met hod according to daim3 or aim =

4, wherein said flrst and g?ﬁg%ﬂo?rﬁQ%E?ﬁqhg?%om@T@i qagq @ag&mazproductiuj

of thermal conduct|V|t specl hea greater
t han wherein said annular metal mass secured in said wheel

groove comprises an annulus of a first predetermined
metal lying concentric with said wheel in the bottom
15 of said wheel groove and being overlaid by a second
annulus of a second predetermined metal, said first
predetermined metal being in good thermal
relationship'with'said second predetermined metal,
and said second predetermined metal defining said
20 working groove.
5. A method according to Claim 3 or Claim 4,
wherein said first and second predetermined metals
~each have a product of thermal conductivity and

specific heat per unit volume that is greater than g;;

25 that of the material of the wheel.
: 6. A method according to Claim 5, wherein
- said product for said first predetermined metal is
greater than that for said second predetermined
metal. - - S -
30 7. A method according to any preceding Clainm,
wherein said wheel is mounted for rotation in a said
- rotary extrusion apparatus, and is rotated therein,
and said tool comprises a said abutment member of
said apparatus, which abutment member is advanced
35 radially into said annular metal mass as said wheel
is rotated, whereby to form said working groove.
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25 that of the material of the wheel. 6. A'ﬁﬁfﬁbd“‘ftording to
C.aim 5, wherein said product for said first ”"Im taI i

t.han that for said second predeterm ned neta ﬂm”m ,m
accordlng to any preceding Claim wherein said wheel i»s BD

-rétation in a said rotary extrusion apparatus, and is rotated th
sai d tool conprises a said abutnment menber ot23aid apparatus, which

butent menb d d 3 d | |
Sald wheel o rotatBa wherend raePd hEmbés RESpaRes 8P ALuAERS, MRee as

A wheel menber prepacedridjing fot hoy aceceding péaany preceding claim 9.
A wheel nenber according to ChakRedy &HB%E@nhbéka1ﬁ§ berelab@fa;e

described with reference to and as illustr d S gure 5 or
group of aSSOC|atedsP|§GP€§1Gﬂlyhésa58 &%ﬁ&ﬂﬁ Fﬁ@%ﬁﬁhﬁg awi ngs. 10.
ﬁ nephgdfacco;dlng Eegamﬁnﬁﬁet@fahheaelan&nstrameF byubaYaatngleyfésprel
erei nbefore cribed with r r a stat ngl e
figure 10 ar o8 §F°§§%8§f§F%@%§a&%d 9q5?§Fh b#Stha Egcgﬁsﬁﬂyiﬁk

ures e acconpanyl n
di agrammatic dramnngsagrammatic drawings.
10. A method according to any one of the Claims

1 to 7, substantially as hereinbefore described with
reference to and as illustrated by any single figure
z 10 or group of associated figures of the accompanying
diagrammatic drawings.
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