CONTI NUOUS EXTRUSI ON OF METALS TECHNI CAL FI ELD This invention relates to an
appar atus and net hod for” ef fecting continuous extrusion of netal 5 from
as: f eedst’'ock in particulate, comminuted or solid form which apparatud ) L\‘428
includes: - (a) a rotatable wheel menber arranged for rotation when in _—
operation by a driving neans, said wheel nenber having forned periphﬁgégéy
thereon a 10 continuous circunferential greqve; (b) a cooperating sh
menber whi ch ext ends ch;cunferentia%h% around a_substantial part of the

periphery of said wWEONTIRUQUS BXTRUFTON, OF METALS, ¢ on whi ch projects in a
radi al direction pamECHENITAL HIBI® said groove with snall working cl earance

fromthe side walls of sard grRQve,. . sa.d.sho r LROLLI LpLn i th
the walls of said groove an eﬁ%ﬁﬁ%éﬁ‘pé&Eage%égsgg eﬁgiﬁé gppgg%#@%e%?ﬁglly
of sai d.wheel nmenbemeth®d for effecting cpntdavouscextnuaioneafisadtaposed

at an_iglet eng of $ish RATEAEBDEK An a1 at86US0ARKnLeeBNbBr 582 d
passageway at sSaid inlet end whereby to bﬁ quaged and carried frictionally
by sai d wheel nenbefOTRhre ¥HiGk: @RRET AR RataS S6pposite, outlet 25 end

of said passagemay; (d) an abytajerd retEtebleawheed aembardashaagednifier and
projecting radially Jjntq.sal S . Sak u d eo as
to substantially C|5§§8§g§§1gg@%aggﬁg@ﬁﬁ?ﬁﬁﬁgtbgng g%@&?ﬁgrgggﬁéﬁpéaga3o

t he passage of feedathagd memhanhaving formed periphergldyyvéhbyesni & wheel
menber, thus qpeali Rl s i ulifRTeNt allN g¥BbYepassagevay at said
outl et end thereof; and (e) a gi,e nenber cqgriethn sai sho%.Sg negber
and having a die orifice openity & SAVE'E ing shoe member which extends

circumferentially around 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 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 passageway for enabling feedstock
to enter said passageway at said inlet end wheredby 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



-2- passageway- at said outlet end thereof, through which orifice feedstock
carried in said groove and frictionally conpressed by rot-ati on of- sai d

wheel _ renber, when driven, -is conpressed and extruded in 5 cont i nuous i
form to eX|t fromsaid shoe menber via an outlet aperture. BACKGROUND ART

In oper¢ g such an extrusion apparatus, the parts defining said

passade\vdy {adj acent said 10 outlet end thereof suffer very great morklng
| oads a ery high operating tenperatures. O such highly stressed
(mechanically and thernally) parts, those 3wt suffer greatest wear or

damage are the s 45%% T4 od OF ko PSP 16l PR Se ¥, ®Mrckizn wiRS@OCi at ed
wth, said stati mg gnmmml articul arl 'smﬁaﬁﬁ%nrnmmm

sai d die member dieadaioak) qRRTLeq HeR GOt A4 tens. For the
conveni ence of 1 eRtido1 JRIT0 mmﬁmyohmwenbrswfwdmhqmlts the

abut ment 20 menber di r r ts, areymade
as separate repl %&&Lﬁ Ter |‘T %e‘}/ﬁﬁ&erﬁ:%eﬁ%éé%flﬁr}gfmévia%d)egdéc%% ed%

the stati ondy shomtienbsrs formy die exit ofitem Simdt%lh%rml!h%% wia 2mn

whi ch those repl ggalle 4 515 gperate, .such itenms have been provided wth

I nt er nal coollngdyassac ugh whi ch cooling water has been circul at ed.
However, such co ART have not been very effective, for the

L?aﬁons Lhat 3? dv In(6§eﬁifiﬁgméﬁcmlimsextrm$06m appasatms, t he
Both the oi zee oftRheriE AL AL BE gaé%%se%é&%a%fﬁ e L0 e
source of Hext, smtlet emd theteod suf rh‘a%rmeshe% W°r1€|£MI19°%@)Sext ract_,
~heat at an adequajfy Ay Rikh operating temperatures. Of such highly
stressed (meéhanically'énd thermally) parts, those
that suffer greatest wear or damage are the
stationary, feedstock-engaging parts of, or
15 associated with, said stationary Shoe menmber,
particularly on said abutment member, said die member
and the stationary parts that support those items.
Por the convenience ‘of readily making good
worn or damaged surfaces or parts, the abutment
20 member, and the die member and its supporting parts
| are made as separate replaceable items which are
rigidly but removably secured in the stationary shoe

member. W
In order to reduce the temperatures at
25 which those replaceable items operate, such items
have been provided with internal cooling passages
through which cooling water has been circulated.
However, such cooling measures-hafe-not been very
effective, for the reasons that
30 : (a) the small sizes of those items and the
' ' high mechanical loads to which they are subjected
have severely restricted both the sizes of the
internal cooling passages and their proximity to the
source of heat, so that-thé cooling water has been
35 unable to extract heat at an adequate rate, and



-3- (b) the materials used for such small itens (e.g. high-speed tool
steels)_have.relatively'boor heat transm ssion properties. As a consequence
of the |ow dissipation of 5 heat by the cooling water, plastic flow of
the tip of the abutnent nenber, at its free end adjoining the bottom of -
groove iaTthe wheel nenber, has been experienced, due to the excessive (ﬁ;ﬁb
tenperatures reached. This has severely [imted the life of the 10

abut ment nenber, and the running tine of the3apparatus between successive

?gcgsiggacr?gﬂ fge aguaggzilgswgghfhaatbelatsr@aéacsdr ahcg sﬂalyrﬂtﬁﬂﬁ | ed
u usi on uct _pr

due to the down- tlﬁﬁ -85 hlgHU¥P dmﬂ?ﬁﬂ ?ﬁ ABE ﬁYﬁsrﬁgﬁﬁbYe%%pgg% SSed

Al so, with prolonghdamserahbnleshan beeperhidesisk that the extrusion die

may ovefheat to a te”perat“rge?%r PﬁgﬁhggcgeS!Eag}anﬁ.owit&?Egigaﬁohr@f' red,

wi th thg,consequent risk of I ncreased. wear t he
die. After exPerimbeest bBnthet ROQALn8UWalRTs cPeABTAR BhO¥NRAL E8f SiRtRf nal

cool ing passages, R bilkeht henbe, 2hy! res! sresand E&gPhniﬁgttﬁéactory
arrangement for co Plﬁﬁmtﬁg ggﬁtéﬁﬂ?vﬁeﬁﬁepheDF%EEgsﬂ 3§»ykgﬁhﬁ$%§Pt

According to the peapertiencednt das, tonthecextessdivwe &ipr emperappaedt us of
e i rerert od Bacpel? 2HANE hile! UEvbibly PIadecaPRal 158502 the

description, there |spose | nedi at el y
downst r eam oft Gsai daé)bIGFIMt neabes, and éhﬁah'&éélpér tdBenedt t88, when the

a paratus i's hn 0p%@§bb@%ustQe%w%@hrﬁﬁc@%seeﬁblB@cbbubdsunﬂen 3he
pressure, sai COO|In%men%nmem%gggh%gr%ng% %p& c%%F This in turn has
B led to a reduction in the quantity of the output
extrusion product produced, due to the down-time
15 during which the apparatus cannot be operated.

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

20 and/or increased wear of the die. _

After experimentation with various
different arrangements of internal cooling passages,
particularly in the abutment member, highly

S~ " satisfactory results have now been achieved by means
25 of an entirely different arrangement for cooling the
abutment member.
DISCLOSURE OF INVENTION

‘According to the'presenf invention, in a

continuous extrusion apparatus of the kind referred
30  to above in the first pafagraph of this description,
~ there is a provided a cooling meéns disposed

immediately downstream of said abutment member and
arranged for connection, when the apparatus is in
operation, to a source of cooling fluid under

35 pressure, said cooling means being arranged to direct



-4- cooling fluid fromsaid source at an external cooling surface of at

| east/sai d abut nent nenber, which cooling surface is exposed for cooling at

and Accessible fromthe downst r eam si de of said abutnent 5 menber .

Preferably, said cooling neans is also arranged to simultaneously direct

cool i fgnfjuid fromsaid source at an external, peripheral cooling surface
\& Wheel mnenber, which cooling surface 10 I s exposed for such

I medi ately downst ream of sai d abut ment menber. Said cool i ng neans

preferably includes a nozzle disposed and adranged to direct a jet of said

cool } ng fl uh d on teocdiag ¢laadl temgmsursfiacetomfrc%alatd: Ba ext%liihtafle'&toto_'l@.’i‘f%ertat
its free end or tij ngd _or, riion Lies prgjectinginto
said groove on salgrgﬁgél8%eﬁgh;ga§§ %algt éﬁtﬁﬁ 4%|ﬂ'd WBeiCRy direct ed
directly on to theoa&mnSEﬁuréaGeodSteppp@ﬁﬁl@Mrfmmmlan@eamwamd posi tion

di sposed downstreggkedsinlefl rkbR HtHEth@?gaﬁféide of’'s Eﬁﬁaﬁhﬁﬁe%QQﬁeOf

renmote from the slug_of conpresse net al Ies ag & Net i £s upstream or
front face).? Thi 8®ER€Tis thus directed at the parts. of t he - abut nent - nenber

near which nost of the frICPreﬁébabeyt eiiﬂe&©ha&ﬁ@ meins ig0 oIt the

I fluid er. and In tact wi.t.h those
Coots"5 " e abut ARKRRRShOSb' BinflbaBRPYSTY 1 RASS Poblind rullien R
operating t enper aseddssowrck stichnapxseraadenperiphiesad icooldngeed to
provide in the abHﬁP?EEe”S?bﬁaiaowgeel”h@fn@@lr 2Cliicnd ga%ﬁ ge%ur%acfehat the

ability of nber to osed on it

i s not |npa|B QEPQFeSLGEH push P@P#&H&élﬂ§ﬁ$i eﬁ@ap \'j
transni ssi on propeaideabatmehe memberal from which the abutnent 35
menber is made.

Said cooling means preferably includes a
nozzle disposed and arranged to direct a jet of said
cooling £luid on to a said cooling surface of said
15 abutment member at its free end or tip portion, which

end or tip portion lies projecting into said groove.
on said wheel member, said jet of cooling fluid being
directed directly on to the abutment end or tip
portion from a rearward pOSLtion disposed downstream
20  of the abutment member (i e. on the side thereof
remote from the_slug of compressed metal which lies
against its upstream or front face). This jet is
thﬁs directed a# the parts of the abutment member ka?
near which most of-fhe friotional_heat_is generated, '
25 ‘80 that the cooling fluid is caused to flow directly
over and in contact with those parts of the abutment
member which would otherwise reach the greatest
operating temperatures. With such an arrangement,
. there 1s no need to provide in the abutment member
30 internal cooling passages, so'that the ability of
that member to withstand the high mechanical loads
imposed on it is not impaired. Moreover, much less
reliance is placed upon the heat transmission
properties of the material from which the abutment
35 member is made. '



Advant ageously, the jet of cooling-fluid also flows partly over an
external, peripheral cooling surface of the wheel nenber, which cooling.-
surface is exposed for such cooling i mediately 5 = downstream of t
abut nent nenber; and also, if desired, partly over an abutnent suppoft4
menber whi.ch is di sposed downstream of the abutnent nenber and which.
supports. the abutnent menber against said extrusion pressure devel oped
upstreamt hereof. 10 ' Preferably, the cooling fluid jet shrouds
t he abut nment supporting menber and the abut M menber with cooling fluid.
The flow of cooling fluid ovekdvdretageahsdyt ervtnd jeldtheoalriimer eflofid he

wheel- nenber serves - SRAL rJJ st ;F?)!%'Faﬁlent menber
by wheel rotation, %.]I}]%o p@lévﬁ%%{%nduct iagﬁ%lt’ tfeg.u %"t l?tee% terials of the
wheel menber. Pref ef@dlingtaeriges|ofeihrewheriomantans Worlernaaldang y
L he[el Bu.gn ?_nnul ar am{lfﬂé@! 1y-exfbsed Cﬂ{td@idﬁ’%éagdig;finﬁgém@ﬁelbavh ng good
eat absorption an ransni ssi op properties,. sai an | in gpod driven
rel ati onshi p wth t%%"?y%f’t‘%a%w RS R SRTH, dhewa Ton Bdgdﬁr?glgsfnd fine the
said circunferenti adegipede, partlydveban awrtoent tsuiortimhmembdrat
generated in the e | 0N, zone. | ' t f t nber
Xx@ﬁi‘éﬂx s 2160 6 STE H Rt ¥ yd’fatfﬂé)taﬁdﬁﬁfé’o tn;?niﬁe aebr‘l]‘ti‘

and to transmt it T0_a cooling zone I nedi ately downstTeam O but ment
nmenber for absor pti@pdtWeieh SuRRARtE e APwimdnt member against said

According to anot hesgxpresesh efiréSanire cidfel dﬂﬁﬁﬁﬁﬁeéﬂ“ﬁﬁﬁﬂéﬁﬁ.Mhere-thé
feedstopk I nl 6 nmeans conpris gﬁgea for_.adm ttin téﬁgs oc%ii commn nut ed
or{ particulate*form cooling ) %rgr}glyy,altstbe&o t 1% & FPK eway
at ot near the 35 theatbutmérnt suwppoetiingmembemddid ithmldbutment
' : member with cooling fluid.
The flow of cooling fluid over the said
external cooling surface of the wheel member serves
15 to extract heat carried past the abutment member by
wheel rotation, and by thermal conduction through the
materials of the wheel member. _ _
- Preferably, the wheel member incorporates
concentrically therein an annular, thermally-
20 conductive band of a metal having good heat
absorption and transmission properties, said band
being in good driven relationship with the parts of
the wheel member which bound and define the said
circumferential groove, and said band serving to
25 absorb heat generated in the extrusion zone
immediately upstream of the abutment member and to
transmit it to a cooling zone immediately downstreanm
of the abutment member for absorption there by said
cooling fluid. ' '
30 ‘ " According to another preferred feature of
the present invention, where the feedstock inlet
means comprises ﬁeans for admitting feedstock in
comminuted or particulate form, cooling fluid may
also be admitted to said passageway at or near the
35 said inlet end thereof, or additionally or




-6- alternatively as desired, at a position-internediate said inlet and
out |l et thereof, at which position said feedstock in said passageway
substa P*&J y fills said passageway, but is not fully conpacted therein. 5
Hi ghly \ at'sfactory operation of a continuous extrusion apparatus has been
achievedgafter adopting this nmethod of cooling the abutnment nenber and

ot her arts of the apparatus that lie adjacent thereto, and for periods
substantially 10 greater than those achigved'mﬁth t hose prior abutnent
cooling arrangenents involving the use of internal coolin assa

According to a sexbheraapitrelpfasndesinedntatngepesbhiion g@?ﬁbue iate

opecating an appagidsi@befeandooutleVtehdstitReféds] 28/ wHIiRNpOS1itNoR

d t t t [
Cont ant ' apecd T (#EIE EabtbrhBkathidall RatbeteufE Phbaftafi SR AIISLLY |
passageway at a rsdakdsphssggewdyi obektisdeot fmhlyrmmm@aexeduth@mepmoq%pt

t hr ough salqiextru3|on die ﬁi?ﬂife aﬂfgfébtb} '?gpakgggaafogllng flu

an external Tooling surface o eas sald mber, which
cooling surface |%°%§b656W3a?xﬁﬁﬂsigna%EE§§¥E¥% hagnbeer aRkeYedam side of

fs?l d abut Ims‘nt m?f’@fterPé@bﬁt@hg}’thi\ssﬁédhﬁd)obfnGoéil.ﬂné tﬁe%’ﬁ@tﬁ?ﬂﬁﬁd f/\ﬁ |
menber - uhi ch codFIGS S uPRAcatREr BREEE of ofne ERPREEFYR G B R oly
downst ream of theadjacerthtthembto, and fbsoperiodessubsatandidliy partly -
over an abujgrent gHgRELt fHa®thebe Bbhllevda %2R 0SS PPI6FAUBRIndRE
' -cooling arrangements involving the use of: internal \’
cooling passages.
According to a second aspect of the present
invention; a method of operating an apparatus as set
15 out in the first paragraph of this description
 comprises:- ' .
(i) rotating said wheel member at a
substantially constant speed, . _
(ii) supplying a feedstock to said inlet
20 end of said passageway at a rate sufficient to
extrude a continuous extrusion product through said
extrusion die orifice; and
(iii) directing a cooling fluid at an
~external cooling surface of at least said abutment s
25 member, which cooling surface is exposed at and is
accessible from the downstream side of said abutment
-member. '

Preferably, a said cooling fluid is also
caused to flow partly over an external, peripheral

30 cooling surface of the wheel member, which cooling
surface is exposed for such cooling immediately
downstream of the abutment member; and also, if
~desired, to flow partly over an abutment supporting
member which is disposed downstream of the abutment

35 member and supports the abutment member against said



35 menber and supports the abutpent- nenber agai nst said extrusion_
pressure devel oped upstreamthereof. A continuous extrusion apparatu R
according to the present invention may, if desired, be used in conju
W th an extrusion product treatnment 5 apparatus to forma continu
extrusi arf 'system in which systemthe hot continuous extrusion product
issuing fromthe said extrusion apparatus is received by and treated in
said treatnent apparatus so as to change one=ér nore predetermn ned

characteristics 10 ext+hei€nfptesgurbt dete oYL’ GBs6FO88- SREFEOPAI Size or
shape) in a desired way beforg sai roduct

g groduct ts gﬂssed to_ a 8

col [ ection and storage neans.*SERRCHBRPURLEFHERBAOR BRPARAFUSRICERT LIRS ed
out whilst the conttoublug presemtoinpentiich maystif| désiréd pnbdSusedtie
vork -done on 1t durspe ey B3 WELRNaR! 85€5ae1 SH Bralib £OL BELE BRpA! AL US
may conui se an ext r ush on product treatnent neans f rough R sai d
extrusi on proddct |3PPRrHEUS nE@FREM adCoRBIRUORBcPXtBREION STSFeRAI

extrusi on appar at uswheoll §pEtéRntRE ROt coRBaRGohS' e Rt Ak Pon SEFEawet r usi on
produc¢t conti nuousl nt . nea

h aigd treat s fromsajd extrusio
apparatus as it erre%/%%%{t?#gf%‘??g ?Sﬁ?ﬁgf?ﬁgf%ﬂ?nn%%? scb?rp’r"?%%?"?%r
exanple, a die or obheanﬁehpsat@d-tnaagidgtrgetmént appavatsdaope as the
transverse 25 Cr@ﬁéﬁéécéﬁéwaﬁmépé'g}é&ﬁggpﬁ%ﬂiédgﬁéraéﬁePP@%?&én?OSUCh

a product treafment apparat s, great care e exercised sO as
ensure t hat tﬁé tengpgﬁe%ﬁpr?eﬂ'tBt?hBr%Fﬁﬁ?ﬁﬁep?BGﬁ%TS%ﬂﬁigﬁﬁb $E%n ehe

traﬁg} ment neans doeshapé) 30n a desiredewap ‘ﬁef@ﬂ@!sﬁid%@d‘u‘?ﬁeiéf%@ém
oxtTuSlon apparat ust?ss T TIETE ¢SLEERPLER Bhe SF bt afecatitar - Then®
properties of the ecReFtrseThrysiomcirestnentgnayicbercarnied ombirehilmmtrol .
' the continuous extrusion product is still hot from
15 the work done on it during the extrusion process.

Such a treatment apparatus may comprise an
extrusion product treatment means through which said
extrusion product is to be threaded and drawn under
tension from said extrusion apparatus, and tensioning

20 means for drawing said extrusion product continuously
through seid treatment means from said extrusion
apparatus as it emerges therefrom. Said treatment
_ means may comprise, for example, a die or other means
U -for changing the size and/or shape of the transverse
25 cross-section of the extrusion product.

' In operating such a product treatment
apparatus, great care has to be exercised so as to
ensure that the tension applied to the treated
product emerging from the treatment means does not

30 increase to a level at which the tension consequently
induced in the extrusion product as it emerges from
the extrusion apparatus is sufficient to break or
otherwise impair the properties of the extrusion
product entering the treatment means. Control

35 - difficulties can arise since, in particular, the




35 difficulties can arise since, in particular, the yield stress

%\

extrusi

extrusion product is variable in dependence upon the tenperatu
: on product emerges fromthe extrusion apparatus, whic
‘re is itself dependent upon 5 the rate at which the extrus
I ssues fromthe extrusion apparatus, and the general operating

temperature of the extrusion apparatus. According to one further,
subsi di ary aspect of the present invention, there is provided in such
conti nuous extrusion.system- (a) a-tenpera8ure sensing neans arranged to

sense the tenperafyiges 0§ ++88s Skl 4B ORoRT 8¥Eiis88n! brb8aY¥ESiEhpasPRbiHUOUS
extrusi on apparat’us gnd tg - %FOVIde a tgngeratgre reference |%nal
dependent upon 1510 deRendenceuPeR ke heureratnEe 2t  HR1Gh E? duct ;
tensi on sensing negtsuatoanpeddtetsemeegébeftronsthe erttheibrngth of the
g e sk gn. af Yo
o fEEuF ] VELIE PenBErEtbEUSI 8T BARTE M UBeREEn Mpoher |
upon the senSed ttheipatéenathehichnghe extrusiont pnsfuptpisgues; faem (c) a
~control apparat usgpéréoPesion &£PpArethsNJahdctRal feh8P8108pEPaERARRS . Whi Cch

extrusi on product
treat nent neans,

control apparatus 1S responsiv

and sai d tension

is less 30 t han™t S
t he sensed 1@npereaentinapushexhrastonx8yateBa—product | eaves the extrusiog;j

apparatus. According to yet(anoajhgenpepashref sbhsiRgca8ahsi A¥eahEea. thher

is provided a net

of
re at
h

i on

a 10 .

(b) a

eraturé reference 25 si gna

0 said ter
FempsLR ug?gﬂ§| Bp e rETUR L 9RGRAPRE2LBAt rol sai d tensi oni ng
means automatically in a nafeeordimy tbadbneéhfustheeq sebsidbary sapectength

of sal d extrust one pr gyl JREa s PheEREEEH, 24 REFILET HEBSA38" £avaLug X1

ess tensrdn o

Qggsgfthe temperature of the extrusion product as it

leaves the continuqus.extrusion_apparatus_and'to

- provide a temperature reference signal dependent upon

15

20

25

the sensed temperature of the extrusion product;

(b) a tension sensing means arranged to
sense the tensién in the length of the extrusion
prodnct'extendiﬁg between the ‘extrusion apparatus and
the treatment means, and to provide a tensién
feedback signal dependent upon the sensed tension in
that length of the extrusion product; and.

(c) a control apparatus arranged for
controlling the said tensioning means, which control
apparatus is responsive to said temperature reference
signal and said tension feedback signal and is
arranged to control said tensioning means

~automatically in a manner such that the sensed

30

35

tension in said length of said extrusion product does
not exceed a predetermined safe value which is less
than the yield stress fension of said extrusion
product at the sensed temperature at which the
extruéion product leaves the extrusion apparatus.
According to yet_anbther'aspect of the
present invention, there is provided.a method of
treating'a continuous metal extrusion product issuing

rusion product at



35 treating a continuous netal extrwusion product issuing -9- froma
continuous extrusion apparatus, which nmethod includes the steps of:- i
threadi ng said extrusion product issuing froma said extrusion appa éﬂﬁ;\

t hrough an 5 extrusion product treatnent neans; (ii) continuousl

appl ying”a tension to said extrusion product as it energes from said
treat ment neans whereby to draw said extrusion product through said
treatment neans, and therby to 10 i nduce tension in the length of said
extrusion product currently extending betwe€er’Sai d extrusion apparatus and
said treatnent neanBrodia iqormsEirsious tdwet tuspm dpparafusaivhiod messid

product as it | eaveg, éﬁife@xﬂ'ﬁ Sé é?SISOGf _apparatus, and producing a
epe

t enperature reference si-gnal ndent on the sensed t enper at ur e;
(iv) "sensing the tension in t )s‘@lfmaw rsakd errestompRedysioduct, and

produci Qg a tensi onidaerigcke s 0 ada ddi 63t s TAD edsied a 9ifs L} SGA6 ath 20
tension; (v) ﬁgnvertlgggsﬁyﬂ tenperature reference signal into a tension
c

reference signal irch YGE STRRHRIRY HRRSt unction rel ating the
val ue of the said sensed teerGerhl wentainbduel y dpElying sadfendfon td ensi on

\Qﬂéggdfﬁg ?ﬁel ;?gf ress %érfsalé}r@({r%%ﬁl%% r‘#?eé nse%d*%trp%!i&a{]lcjlrje (vi)
conparing said tens?’(#ﬁ'f’%%'ﬁbd%ﬁ@fbﬁ g}ﬂbﬁl‘%l Hb & 4 RRY eﬁ%’:‘brﬁ’?@‘-@%e si gnal
and producing 30 p#bRiSE reHPGugh fé@i@n@ﬁeétm s deiid ofhd#y ¢
devi ati on of I d te on fegedb ck SJ f val ue d er,m ned by sald
t ensi on referéﬁce S*%ﬁki 8 ns é’éﬁe fengéh sal ex¢rusxon
prpduct currently extending between said extrusion
apparatus and said treatment means;

(11ii) sensing the temperature of said
extrusion product as it leaves said extrusion

15 apparatus, and producing a temperature reference
signal which is dependent on the sensed temperature;

(iv) sensing the tension in the said length
of said extrusion product, and producing a tension
feedback sigﬁal which is dependent on the sensed

20 tension; - | _ ‘

(v) convertihg said temperature reference
signal'into a tension reference signal in accordance
with a predetermined function relating the value of

. the said sensed temperature and the value of a safe
25 tension which can be induced in said length of said
extrusion product without exceeding the yield stress
for said product at the sensed temperature;
" (vi) comparing said tension feedback signal
with said tension reference signal, and producing
30 therefrom a difference signal dependent on the
deviation of said tension feedback signal from &
value determined by said tension reference signal;
and o
(vii) controlling said tension applied to
35 said extrusion product emerging from said treatment



(vii) controlling said tension applied to 35 sai d extrusion product
energing fromsaid treatment -1 0- neans in dependence upon said

g@cd signal in a manner such as to prevent said sensed tension ) s
 excee( #Ad/a said safe tension value. Cther features and advant ages of the 5
nvention will appear froma reading of the description that

foll owsS hereafter, and fromthe clains appended at the end of that
description. One continuous extrusion apparatus enbodying the various
aspecfs of the present 10 i nvention w kiOrow be descri bed by mey of
exanple and. wt Is a My | 15

which: Figure 1 sﬁgﬁs fﬂ“ﬁ%ﬂﬁﬁ&éﬂ%e %@nggg%gsglggggliggagl gt roug the
essential, worki mgnpen Sush a8 to pRevapyacaidssenpedptgnsion t hat section

being i Edi cat edhle&d@@w}% 4 ¥aild lsafl g@h@j_ansbg\l@ea transverse secti onal
view taken on the section ipdicated,in. F| -t ures 3 aqd 4
show i n sectional views 2060“Clil edi fHoatR F& éV 6§F§ ?ffﬁg'arrangenents
which are akter naptnemtt d nvieatt ioin Fiiddr ap@eaﬁl gunom 2 seading othdinst i c

bl ock dlagran1of &%ﬂ]?ﬂ@%ﬂw 3P1RG aBQ?EQ&%%rOfa Re o8 1 and 2;
25 gure XN %h 1h He vari ation of a heat
extraction rate wWhaimgaanneandedoe %Iﬁ °§at degcrdpEiofs obt ai ned

) frorgntﬁsts on one appar at UpnC @dndims ou@ @mrngqa,gntg areihdson; Figures 7
1Egr msso?Wa :/\Ee\e: %EQQMJ%"@&‘% ﬁasgag%ésa %;rt;t ?rvegegx u?gtrjnrxe]II f1i)ed
shows, in d0vi ewisivierdtdron orifliamow be described by way of example a.nd. u
with reference to the accompanylng dlagrammatic
drawings in which:
Figure 1 shows a medial, vertical cross-
section taken through the essential working parts of
15 the apparatus,"the plane'of that section being '
indicated in Pigure 2 at I-I; ' '
' . Pigure 2 shows a transverse sectional view
taken on the section indicated in Pigure 1 at II-II;
Pigures 3 and 4 shdq in sectional views
20 similar to that of Figure 2 two arrangements which
- are alternatives to that of Figure 2; '
' Figure 5 shows a schematic block diagram of
a system embodying the apparatus of the Figures 1 L,ﬁ
| and 2; o
25 ' | Figure 6 shows a graph depicting the -
variation of a heat extraction rate with varlatlon of
8 cooling water flow rate, as obtained from tests on
one apparatus according to the present invention;
_ Figures 7 to 9 show, in views similar to
30  that of Figure 2, various modified forms of a wheel
o member incorporated in said apparatus, and
Figure 10 shows, in a view similar to that
of Figure 1, a modified form of the appéfatus shown
in the Figures 1 and 2.
35 | ' Referri@g now to Figures 1 and 2, the



of Figure 1, a nodified formof the apparatus shown in the Figures 1 and 2.
35 L Referring nowto Figures 1 and 2, the -1 1- apparatus
there shown includes a rotatable wheel nenmber 10 which is carried in N
bearings (not shown) and coupled through gearing (not shown) to an e
driving #gmtor (not shown) so as to be driven 5 when in opefation a
sel ected-speed within the range 0 to 20 RPM (though greater speeds are
possi bl e). The wheel nenber has forned around its periphery a groove 12
whose radi al cross-section is 10 depi cted=i'"d~Fi gure 2. The deeper part

gf the gro]?ve “i‘% p?lpqiajreltumwearAe shdea ch\tmki@h a:ewea%bmeawﬁeéiused
ottom surface of_t g ¢Qnver gent. nou 0 roove
i s defined by opposi®& rg ?%@@&&hrﬁﬁbﬁ&ﬁ?&ﬁucéP @8??&865 gB°L §g°Y§9

A stationary shoe n@mﬂenog@ladrmme@ueh &ebring mnmmtshoanGtexannds around
and coogerates closginealirie AMVIHGTHOAOr (A8IYRLLE). b hBCLBCHLPRFLYep!

t he wheel nenber hoe nmender i s retaine gthatl ng posItion

as shown in 20 FW@GPelF GP%&QMLPHdP&w&b?§1§956dnﬁﬁﬂéﬂ yathinetBaoe
nmenber includes centriagigey O ito @0 RPMAI(thiought ig?@hter speeds are
circunferentially- e§ %@qbﬂ% prOJectlng portion 30 which projects partly
into the groove 12 T Che WHeel member 10 with snmall axial or 25 _
transverse cl earance gaps 32, T3# wheel: memberdbasTifarmpdopeoundgipsrti on 30

is constituted in p%@ 15he%ysﬁfg§%OQE ﬁ%pbﬁ%@@bEﬁa&aieéiasg-QQcEPHRfiées a

radi al | y-directed ahut neént 36, but ment downstr eam of
t he abut nent epifte 3én F15P68k240 @PﬁcéPﬁBFatPﬁﬁtaﬂfeﬁhﬁusrﬁﬁvﬂle
42)~Upst r eam of thehabu@umaﬂlﬁ&ﬁhﬁhulamdsdﬂearGuawniWhamefgélﬁitﬁga

radiused bottom surface 16 of the groove. A
convergent mouth part 18 of said groove is defined by
oppositely-directed frusto-conical surfaces 20, 22.
15 A stationary shoe member 24 carried on a
lower pivot pin 26 extends around and cooperates
closely with approximately one quarter of the
. periphery of the wheel member 10. The shoe member is
retained in its'opérating position as shown in
20 Figure 1 by a withdrawable stop member 28.
The shoe member includes centrally (in an
axial direction) a circumferentially-extending

N projecting portion 30 which projécts partly inta the
N
groove 12 in the wheel member 10 with small axial or
25  transverse clearance gaps 32, 34 on either sigde.

That projecting portion 30 is constituted in part by
a series of replaceable 1nserts, and comprises a
radially-directed abutment member 36, an abutment
support 38 downstream of the abutment member, a die

30 ‘block 40 (incorporating an extrusion die 42) upstreanm
of the abutment member, and an arcuate wear-resisting
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

35 extends around the wheel member from a vertically-



menber 44 upstream of said die block. Upstream of the nenber 44 an integral
entFyrspart 46 of the shoe nenber conpletes an arcuate passageway 48 which
35{n 8%t ends around the wheel nenber froma vertically- -12- oriented .
f e’dtdck inl et passage 50 di sposed bel ow a feedstock hopper 52, downstream
as far __as the front face 54 of the abutnent nenber 36. That passageway .-
has a-“radi al cross-section which in the Figure 2 is 5 defined by the
annul ar side walls 14 and bottom surface 16 of the groove 12, and the inner -
surface 56 of the said central portion 30 of2the shoe nmenber 24. The said
abut ment nenber 36, dig

42 d.a 44
al| made of SU|tdﬁ#@eqﬁﬁ{;é%ﬁﬂﬁéh%ﬁlk?%ﬁg B%?%?gg gsrggﬁigﬁggngggoYo%?re
steel s. The shoe Pewbstodls houpe icil i d dwast pesh ces afertasctB8 fhooh is

aligned wth a Coféﬁe@i‘ddf‘gtﬂes abu@:ﬁ’@ﬁ{: %?m@@rf%mdt&h%t gEsQége@é ck. 40

and t hrough which t extruded out oun
fromthe orifice hfs tanel‘%ﬂleallzc%‘?ﬁe?'g%%‘:’ Wrﬂh@hohnd;h? HELGRER| 2 nbFbet 10

commi nut ed ZzegstaéfAﬁaﬁrﬁ Eﬁh%fhﬁﬁ&l%ﬂ'Qid@nfaﬂisth¢ ag% boseod arguate
passageway r e _hopper via the iple e is_caLrie
movi ng groove surq%ﬁié ?ﬁf%) 218 ﬂ%ﬁ%%rpéh %ﬁé %?5%Emf§5£%??e%$|on
as seen in Figureofl thempihecé¢mtaph pértionl 30 coft theasbBageway 48, and is
aggl oner at ed and berqggpacted to forma salid slug of netal devoid of
interstices in the Tower section of the passageway adjacent said die bl ock
40. That slug of metal is cHHRisblsthutRent %ﬂﬂh?rgﬁéatdEFe§§9P§ 48ai nst
t he abut rrento nmenbgie 42 tared famiawahezﬁlwﬁ 94 abe amzlngdaoof sgitavty

surfaces.  That. B E38.1 fods- S4L14ELE0 nitals, o.g. nigh-spesd tool

steels.
The shoe member is prov1ded with an outlet
aperture 58 which is allgned with a corresponding
15 aperture 60 formed in the die block 40 and through
which the extruded output metal product 61 (e.g. a
round wire) from the orifice of the die 42 emerges.
' On rotation of the wheel member 10,
comminuted feedstock admitted to the inlet end of the
20 said arcuate passageway 48 from the hopper 52 via the
' inlet passage 50 is carried by the moving groove
surfaces of the wheel member in an antiéclockwise
direction as seen in Figure 1 along the length of Qaf
said arcuate passageway 48, and is agglomerated and
25 compacted to form a 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
30 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
output product which issues through the apertures 58
and 60 in the shoe member and die block. In the '
.35 particular case, the output product comprises a



extrude the netal of said slug throeugh the orifice of the extrusion die and
t hereby provi.de an extruded output product which issues through the —=x

apertures 68 and 60 in the shoe nenber and die block. In the 35
particul ar case, the output product conprises a -13- bright coppe
produceg~from smal | chopped pieces of wire which constitute the said
feedstock. A water pipe 62 secured around the | ower end of the shoe nenber
24 has an exit nozzle 64 5 posi tioned and.4 ured on the side of the

shoe nmenber that |i.es. adjacent the wheel nber 10. The nozzle is aligned
so as, when the pi p%"r@‘ (RARBYY Wiiktsh REAfUGR &re smed lgichamped jndecss

water- directly at td vdhvmsﬂneﬂmqmrﬁﬁtﬂtd Meatumrﬂeerm Wnere it 10

lies in and abuts the grooveAlgf W%eé égec[m_ ]aq,o st oeftlt tlp of

the f.ree end of the abutnent er (witere T n opera €Theat is

generat'gd) and the &rf} Ahithe Meac;l’@@hﬁr t3fe hgise@n mﬂfeﬂlmegﬁdove are
directly cool e5l by méi@/édl%nd IR Yn Gafné/vastﬁe fd@ﬁ?ﬁeh%ﬂo%t ofémbst €d

towards them The bl ock rovided w ernal _wat er pass
(not shown) and a s 1fy]'jd? @%o{l W?S‘Mrﬁh& "Ihc?rele H’ﬁfﬂ “+ he By %ﬁroduct
| eaving the 20 di & skicgreed rsan:tasw,gmretife tjlepdﬂeiai swppld edarwiitdd away in

t hat product. But re% be%f‘g;ﬁa%oo tf %’Mtj&'} 416304 M%r est s

menber. Thus, the s Hat ne reduc t' he

of providing inter et (ﬁﬁqrﬁfﬂ@ﬂ’OEBthe(ﬁhﬂﬁﬂﬂ}ﬂﬂﬂﬁmhﬁaﬂﬁherq11t
desired, the ol i rmeta‘ ﬂm@n@wﬁw&mxgﬂ&v@h@%ﬁm Rhewi1di ng cool i ng

vater sprinklers 6%, Qi (Ie MRS WRSG 0P HEGAULEYS WA
abutment member (where_in operation most of the heat
is generated) and the adjoining surfaces of the wheel
member and groove are directly cooled by the flow
15 thereover of water from the jet directed towards
them.

The die block 40 is provided with internal
water passages (not shown) and a supply of cooling
water for enveloping the output product leaving the

20 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
N interests of providing internal water cooling for

25 cooling that member. .

' If desired, the cooling of the apparatus
may be enhanced b&_providing cooling water
sprinklers 65_over the hopper 52 80 as to feed some
cooling water into the said arcuate passageway 48

30 - 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. TFrom that metal slug, the output
product is extruded through the extrusion die 42 by

35 the préssure in that zone. That pressure also acts



30 with the commi nuted feedstock. In the Figure 2, the slug of conpacted

rre the extrusi on zone adjacent the die block 40 is indicated. at 66.

Friemgydhat metal slug, the output product is extruded through the ext r usi on
di 842 by 35 the pressure in that zone. That pressure also acts -14-
to extrude sone of the metal through the said axial clearance gaps 32 and
34 befween the side walls of t he groove and the respective opposing
surfaces of the die block and abutnent nenb i' That extruded 5 nmet al
gradual Iy builds up in a radial direction Tg Tormstrips 68 of waste netal
or "flash". In ortierexbrpdeveometbdstheasetalt thpsughothagsadd bhatgd to
handl e and contro I all . Ng Yy =ndLEC t 7Qpare
secured on the dié%?%gﬁ%E%oé#bgwg%I%ﬁ§0?¥g§§€#¥% %g%s%?gﬁt§§§28 ggid mout h
18 of the groove e gneceei2rd nthecrepreerhyy apResindrsunfacnas ofcel '

nmenber, the teethtps @06 Pilotkean@! Abubsént feapescd ORAGSEkEriied 1\
correspondlng teeth _on the,op 1S|%e.¥€ll. £f de3|5¥d %ge-t eth gn orne 15
wal | may al ternat POERY SEELRANLE RO HAP PP AR B EBFFRLpRAAPRGEPBeFR on the
other wall. In opfonmi ehripdeb8nefi wasdteumétisksor2"6lasht.di E&nbbodkr40

defl ect the extr Sty | L Q4 LRLO1 L bBe t e
respective sets 3?826¥@§éﬁ%v%%39§e£€%9€o§ﬂyf#%e¢§20%?gntQ? 2§€§La¥§aste
"strip 68 by a nnvhﬁgdlﬁoﬁﬂdcﬁ9§5§°b;p?eE%uﬁﬁl%ﬁat°§tFF§nFHeB§eéEr or
otherwi se torn avgyréédadt teetit 7T00EFe "Bétiréd dhetBbeaiagsgedsp. Thus, '

adial Ty 1 afSenoutiis 28 AeorhERR EoRATLERES Rie S8LA Boneknl B Ry (he -
"flash" is preventke groaveehahin@hqneahagbhbaeepuopﬁormbﬁsspihedsaid teeﬁHJ
do not need to beyFB3nd: tR@Uwheel member, the teeth on one of the
' walls being disposed opposite the corresponding teeth
on the opposite wall. If desired, the teeth on one
- 15 wall may alternativeiy:be staggered relative to
corresponding teeth on the other wall.
‘In operation, the inclined surfaces 72 of
the die block 40 deflect the extruded waste strips 68
obliquely into the paths of the respective sets of
20 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
waste extruded strips are removed as soon as they
25 extend radially far enough to be'intercepted by a
- moving tooth. In this way the "flash" is prevented
- from reaching unﬁanageable proportions. _
' The said teeth do not need to be sharp, and
can be secured in any satisfactory manner on the
30 wheel member 10, e.g. by welding. o
In the Pigures 3 and 4 are shown other
teeth fitted in analogous manners to appropriate
surfaces of other forms of said wheel member 10.
 In those alternative arrangements, the
35 external surfaces of the wheel member 10 cooperate




can be secured in any satisfactory-manner on the 30 wheel nenber 10,
e.g. by welding..In the Figures 3 and 4 are shown other teeth fitted in¢#ar
anal ogous .franners to appropriate surfaces of other fornms of said wheel =

menber 10. In those alternative arrangenents, the 35 external surfaces
of the wheel nmenber 10 cooperate -15- with correspondi ngly shaped
surfaces of the cooperating shoe nenber 24 eby to effect control of the

flash in a particular desired way, In Figure 3, the flash i.s caused to grow
in a purely 5 t Pt reQr B SBRRdi ngl ¥ 383 RA4 qu’cqq_ 9% tﬁ‘r‘ﬁ ercepted by a

radi al | y projectingdopératimgrspemétivér 2 £oehafelfy ash dffdotr oty lf r om

t he extruded netal | 2 i al e ; s d0y Figure 4, the flash

is caused to grow ianfl & "%f%é)%b | q%eg%f%éét?#o%q%}sujiér;& t"tagu'casfelﬁ1 of Figure

2), but is interceptiguny ¥ecthewilashpisjceused dit B19W fitom tHW & f ace of

ol Udes"at 16 er eneibg o cn e e B e ot
. I nuoys extrusi,on apparat.us as jus

descri bed above, t ¥ dht l%ﬁgbel’rw?%tb?édﬁ%%EPquqﬁﬁ‘sz’ﬁb%hﬁ%§%%g

i ndi cated at 102, anfl tidsig s atwrh hdawaphfeomi he gexl rmudled! meftal riedtiieng

Its gauge to a desi BL3V a nsi oni ng pulley device 106
around whi ch 20 %%%°%f¥§é%a§%§§}33%?u%%fity of tinmes before passing via

an accunmul ator- 108 to a coi | EBr Eigurghé, ptihe eflamliie aapes QO BIW kb .
the output shejt ofa@row] £4iéi EftebPihe(4Pt Di fHE B L LEISIEALA)N IS
provi ded and control |l ed, by, a, contr ol 2? aggar@% s 114, TQ@ atter is
r@mm ve to (a) 4 ks %?B%Y??Eg?ds FnbieeTH BT H \RRP 39T 7244 TR ensi on
sensor 11.8 which efregethé heurfaee 162 the awheel member 10.
Referring now to the Figure 5, the system
there shown includes at reference 100 a continuous
15 extrusion apparatus as just described above, the
output copper wire produced by that apparatus being
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 whic¢h
20 the wire passes a plurality of times before passing
via an accummulator 108 to a coiler 110.
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
25 apparatus 114. The latter is responsive to (a) a
. first electrical signal 116 derived from a wire
tension sensor 118 which engages the wire 102 at a
position between the extrusion apparatus 100 and the
sizing die 104, and which provides as said first
30 signal an electrical signal dependent on the tension
in the wire 102 at the output of the extrusion
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
35 leaves the extrusion apparatus 100.



whi y ovi des as said first 30 signal an el ectrical signal.dependent. on
t he sion in the wire 102 at the output of the extrusion apparatus 100;
and to (b) a second electrical signal 120 derived froma tenperature sensor
122 which neasures the tenperature of the wire 102 as it 35 | eaves t he
ext rugi on appar atus 100. -16- The control apparatus 114 incorporates a
function generator 124 which is responsive to said second (tenperature)
signal 120 and provides at its output circuitté=a third electrical signal 5

representative-of the yield Si f t art| re 102 when
at the particular terrperatur'rz1 represen ag;[hbar%{%zshgéﬁd secgm? 3‘r ature)

signal . That thirdusicddon @anediageq 1246 Vﬂ@-%mﬂ |P@@P@§lsavﬁefb@r 6#@@ si gnal
to a conparator 1Qeconk?q tledpedr éﬁfﬁe)()fslsgaiéi QoY aHd FMA1AESht A tahi ch

(yiord otross tondlpt A “ah'tp“%a' G Bt R aRed o conat 11 utds
the signal f@&r contspﬁdssr@dﬂiereeruaﬂ g:kmammmfstﬂwd (tretmse.om)tﬂmrr the
I n operation, the ptaqltﬂ.%?ztlh@l q;lIJes ﬁuzewe%tegtt q;ht%n Sy ficient to

mai ntai n the tensi | ' eav SIOﬂ apparatus 100 at a
val ue which |ies &enparatang mraﬁﬁﬁnﬁe%é!m\ﬁhﬁw@aﬁdels@mdess t ension for

t Ee particular w r(&edp etﬂg%ﬁ@) s:.@féthU'mfaﬁ Q;lmq-rdateqre@ta-tic\%ll @ﬁgnhllheaves
beon mmde to the 198 df SYRRIEY &® AT A1 e R ife THARRGA T,
jets of othdO coolli2®y (283.so darduiols gadrd eamtmdolaxmrgdmsé) ioowhd ce used -
instead. Even Jet%ﬁg §H¥3“3¥9§¥‘%édﬂyﬂJﬂfﬂsfﬁﬁﬁ¥3116 is compared with _ -
said third signal (yield stress tension). The output
signal of. the 6omparator'cbnstitutes the signal for
controlllng the energisation of the torque motor.
15 ' 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
value which lies a predetermined amount below the
yield stress tension for the particular wire at the
20 particular'temperature at which it leaves the
extrusion apparatus.
Whereas in the description above reference
has been made to the use of a water jet for cooling CJ;
‘the abutment member tip, jets of other cooling
25 liquids (or even cooling gases) could be used
instead. ZEven Jets of apprOpriate liquified gases
may be used. ' -
" Regarding the flash-removing teeth 70
referred to in the above descrlptlon, it should be
30 noted that:- '
| (a) the shaping of the leading edge
(i.e. the cutting or tearing edge) of each tooth is
not critical, as long as the deslred flash removal
function is fulfilled; -
35 (b) the working clearance between the tip

posiﬁ%on bet ween the extrusion apparatus:100 and the sizing die 104, and

&



nay be used. Regarding the flash-renovi ng teeth 70 referred to in the above>\
descrlptlon i1t should be 30 noted that:- (a) the shaping of the lea

edge (0. the cutting or tearing edge) of each tooth is not critical, =22 )
| ong as the desired flash removal function is fulfilled; 35
(b) themorking. clearance between the tip -17- of each tooth 70 and the

adj acent opposing surface of the stationary shoe nenber 24 is not critical,
and is typically not greater than I to 2 nn] fﬁcordlng to the specific

desi gn of the apparat us; e greater the nunber of
.teeth spaced aroun&%aﬁﬁpftlwm ’((P\ea%e’@me nﬁrwerm opmm@ISMfamé Ioﬁ)e

C e b
the lengths of “flasis sramnahly ansd damsdr M)ié(';"‘?? Sy TeN Aediag Of

such as for

any suitable 10 | e
CO%V@I’II ent met hod oﬁmi hPTheSTRTSF ﬁ)‘( V\]';l%eg %nb%‘?c‘?ﬁaﬁ/l% ised. It
i s partfcul arly bertiffe cipdcificabesigheo® the émﬁiﬂwaks; s in particulate

form that tha 1.5 r adi al nar rfac 40A of, t he
di e bl ock 40 fesromthe bottomdcc@ttﬂ \)&fee% gro%ﬁgzg %?5 s+s€f PRAGE % ases
as the outlet end GraWd Rach of8 Whel Whrehimanien Tbntidve :muaemer

appr oached, since b.yimheae rﬁfmq,ed@;has zpnen P ghn | réd &y aflpd of (i.e
upstream of ) the aq¥ nt menber (1n which zone the feedstdck material has
n

become conpacted i %solid mass of feedstock nmetal) the nmetal flow _
pattern achieved in that zondd)s teritestt mdjhdie andievet! dny tdigitarare in

cases 25 Wier e sRivd diefdbaer 2d '}oﬁpléﬁn{pciré’g tool steel; and
AN, _ (e) any convenient method of securing the
teeth on the wheel member may be used. _

It is particularly beneficial in cases
where the feedback is in particulate form, that the

15 radial distance of the free planar surface 40A of the
die block 40 from the bottom of the wheel groove 12
progressively decreases as the outlet end of the
passageway 48 and the abutment member 36 are
approacheﬁ, since by that means, in a zone

20 _immediately ahead of (i.e. upstream of) the abutment
member (in which zone the feedstock material has
become compacted into a solid mass of feedstock
metal) the metal flow pattern achieved in that zone
is similar %o that achieved in that zone in cases

25 where said feedback is in solid form.

_ Whereas in the above description, the wheel
member 10 is driven by an electric driving motor, at
speeds within the stated range, other like-operating
continuous extrusion_machihes may utilise hydraulic

30 driving means and operate at appropriate running
speeds. -

As an alternative to introducing additional
cooling water into the passageway 48 via the
sprinklers 65, hopper 52 and passage 50, such

35 additional cooling water may be introduced into that



Whereas in the above description, the wheel nenber 10 is.driven by an

el gerxic driving
iKgLbperating c
g:-means an

to
sprinkfers 65, h
wat er nmay be int
passage 67 forne
passageway is fi
particul ate feed
believed that th

above mnth refer
fact that tge he
adj acent the hot
abut. ment nenber

of the abut nent

fluid is caused @@GWD@NtG@@AaF@W3®WVémF D&ﬁ@@rdﬁ@a§Qﬁeﬁ
passing through tgeglerddeld RBo¥@NwitR &%f%@encetQoe%%ka@&dﬁﬁﬁgﬁ

proportion,of the heat absorhed t el I.n e .hot, ext rusi on
zone. In tH :2)5 coSTiHRTS, S et e @;3% rtow\é\%? gec:;gﬁfﬁ‘@rt téxq 8&2% o5t 1 cted,

notor, at speeds within the stated range, other .,

onti nuous extrusion machines may utilise hydraulic 30 °

d operate at appropriate running speeds. As an alternative

htroduci ng additional cooling water into the passageway 48 via the

opper 52 and passage 50, such 35 addi tional cooling

roduced i nto that - 18- qg sageway (for exanple, via a
at

d in the shoe nenber 24) at~a position at which said
mbe@wgemhypdmbmcekahglbeed&hoekpabuhgm:6Mﬂﬂdrmﬁﬂ<in

clkt I t
Ztthm %k?o%ene | Ci al2'3ﬁvg,gb gT C(;%té'ltlllréln )é'r o%% %%]'t e present
i nvention, and p2@ssegexayy sy fifdegr sidhy @&rﬁéﬁé@-a@ﬁ ef@@ldlsr@%s&u%ed
QRCHHIeH BRIdr deirtazulble £oddistRTL HHUTAY 108 oy t G

at .a rbed b rt of the wheel nenber lying tenporarily
sk AR CrabesHRR

rMed extrusi on zone upstream of the

is conveyedt( Hat hellyleviedr il tc dheu tiiighn bane ficisl on of 15
the wheel Member kolisoRet Rty 751000 pEOReNDrEdlE Lt dloynst ream

nenb i ous Ssu

and rel atively Iamg@rbed by a part of the wheel member lying

15

temporarily adjacent the hot metal in the confined
extrusion zone upstresm 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

20

25

30

35

which cooling zone a copious supply of cooling fluid
is caused to flow over relatively large areas of the
wheel member passing through that cooling zone so as
to extract therefrom a high proportion of the heat
absorbed by the wheel member in the hot extrusion
zone. -

- In this cooling zone access to the wheel
member is less restricted, and relativély-large
surfaces of that member are freely available for
cooling purposes. This is in direct contrast to the
extremely small and confined cooling surfaces that

can be provided directly adjacent the extrusion zone

in the parts of the said shoe member (i.e. the die
block and abutment member) that bound that extrusion
zone. As has been mentioned above, the cooling
surfaces that can be provided in those parts are
geverely limited in size by the need to conserve the
mechanical strengths of those parts and so enable
them to safely withstand the extrusion pressure
exerted on them. |

*cool i ng
WHEQUJanber
roma high

o



25 surfaces of that nmenber are freely available for cooling purposes.
This i,s in di-rect contrast to the extrenely small and confi ned cool i ng ~
surfaces that can be provided directly adjacent the extrusion zone in €;
parts of the said shoe nenber (i.e. the die 30 bl ock and abut nent (-
menber) «That bound that extrusion zone. As has been nentioned abovez the
cooling surfaces that can be provided in those parts are severely linted
in size by the need to conserve the mechani catgstrengths of those parts and

ble 35 th t af el e egsyre_ exer ed on
fﬁeﬁ?a e-1 9- Theeggneejlng g @Légﬁkgggéﬁbgﬁ ﬁﬁa h@gﬁﬂgéFangﬁbEPetU gRd
sai d cool i ng zone c&¢mpergteatthy Sahdnceqlbng: menencanpbeagreatly said
wheel menber of net %'nha%‘éldn%yg(%%@ tzh%%brﬁ%éﬂcihvbamswﬁ V\glgfmﬂbgb- of

t
For T cagons of pr ovPRAgSabaY4Ee 690N SHPERRLSFFRARPRL VL p RS Sood
physically stréng mepeleificehgatsodbest anlis) voltmb)s rBbabiysl yspaee §gat
transmi ssion properighgg. whaus. mEBSe?b'kb?yrg%?éggnﬁsnegavbgfgﬁcﬁaggpﬁ%?ng

convey heat to said cooling zon grea
intimately in said ﬂﬁé@ﬁnﬁéﬁﬁeﬁtaﬁnsﬁhul £ pade of Bhnaiaalhmvsngoggod

thermal absorption ae n slga rgggé S, X
ther mal absorp $alB3neel. gs! 880D’ 8BEELLYSS 150Ras gﬁgéﬁvélga@em bt Iy

nduct i
be constituted by aneéﬁnﬁFépsﬂgﬁﬁ QBCB éeF 1eBe pi??ﬁhe??eoﬁbiﬁéttapﬁ
mheel menber 4&Qd prsherahbylcmamberutongonaéylEest t0 P8Ld. cOBRiRAr boRé

or ned
P e et BN (Y et HEUILBERCH bl R SakBe g
t he extru3|on produdp §pighwheel member an annular band of a metal
having good thermal absorption and transmission
properties, for example, a band of copper.

15 Such a thermally conductive band may
conveniently be constituted by an annular band
secured in the periphery of the said wheel member and
preferably-constituting, at least in part, the part
-0f said wheel member in which the said

20 circumferential groove is formed to provide (with the
shoe member) the said passageway (48).

In cases where the extrusion product of the
_ machine is of a metal having suitably good thermal
o - properties, the said thermally conductive band may be

25 - composed of the same metal as the extrusion product
(e.g. copper). .

In other cases, said thermally-conductive
- band may be embedded in, or be overlaid by, a second
annular band, which second band is of the same metal

30 as the extrusion product of the machine and is in
contact with the tip portion of the said abutment
member, the two bands being of different metals.

Metals which may be used for the said
thermally-conductive band are selected to have a
35 higher product of thermal conductivity and specific



machine is of a neial havi ng suitably gbod t-hermal properties, the éaid
thermal |y conductive band may be 25 conposed of the sanme netal .as the

extrfasign product (e.g. copper). In other cases, said thernally-conductive
ban-iﬁgy be enbedded in, or be overlaid by, a second annul ar band, which
second=zband is of the sanme netal 30 as the extrusion product of the.
machine and is in contact wwth the tip portion of the said abutnment nenber,
the two bands being of different netals. al s which may be used for the
sai d . thermal | y-conductive band are selected to have a 35 hi gher product
of thermal conduchieaitt peznandfe¥ofinpe thapotopdastged,usnd ia et fidae t ool

steel, and includecsthewiak! WhnaeébeaQQﬁgea§ﬂ89 e?dsalefp§666c&ooduct)
COpper silver, beryllium oI

d, ni um _tun iridium
mol.ybdenum rut heni um 5 ?Pﬁ@ranﬁnhVSH' ?ﬁ@ygifématgﬁgach T3 be
conveyed by such sungetenl,| yhodndmgt ivédbamg hodybtibeumyt rusheninmie Qg the
cooling zonegis dg&g%dgah 9 hhe radi al cross-sectional area of the band,
and is increased 0 I'ncreasi.ng that cross-sectional area. Thus, for
a given cross- sectlonal di nBhei satReaduwbdchr hasterenl Peoronveyed by

circunference of bhehwae%heﬁnamgy—ebhauEtgebebahhef&aﬁl%hede&&bu%ﬁo% sai d
band, the greater the rahg the co |ng

at
2one by 157 °t e A9MBelt ohBe SO FATRORS ABPERORARY SPdRe B4
wheel menber havi egoas-ebkddibnad drasebér the Ba8dymandndsaisgredseid by '

rotation of 440 RP?hc%@QsﬁnEa?ﬂﬁﬁhﬁE%BE'¥e8%99ﬂ9&'éﬁega”dmﬁhsco&%¥' ghaving a

Tadial 20 Cross-sectio veyi ng heat froql’J
t he extrusion zonéiFGntﬁ6°§§r§e§66PFﬁa démension neasured transversely

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
15  the wheel member. _
' ‘Calculations have shown that for a said
wheel member having an effective diameter of 233 mm,
and a speed of rotation of 10-RPM, and a said
thermally-conductive band of copper having a radidl
20 cross-section of U-ghape, the rate "R" of conveying
heat from the extrusion zone to the said cooling zone
by the wheel member, by virtue of its rotation alone,
varies in the manner shown below with variation of R
the radial depth or extent to which a said abutment v
25 (36) cooperating with the wheel member penetrates
into that copper band, that is to say, with variation
' of the radial thickness "T" of the copper band that
remains at the bottom of the said circumferential
groove (12). These calculations were based on a said
30 copper band having with the adjacent parts (tool
steel) of the wheel member an interface of generally
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
35 °  the said radial thickness "I" of copper at the bottom




by the wheel nmenber, by virtue of its.rotation alone, varies in the manner
shown ,bel ow.wi th variation of the radial depth or extent to which a said
abut ment 25 (36) cooperating with the wheel nmenmber penetrates int hat
copper band, that is to say, with variation of the radial thickness EE%ébf
t he copger band that remains at the bottomof the said circunferentia

groove (,12). These cal cul ations were based on a said 30 copper band
having with the adjacent parts (tooI st eel921ef the wheel nenber an
interface of gener IQQ(# &e C guratlon as seen in a radial cross
section. Hence, era cross s ctional area "A" of the copper band
varies in a non4lgn£ﬂgbnnner with 35 A (8¢ @) radial thickn@&4k¥) of
copper at the bottoom -21- of said groge,g12). T (mm) 5.1 A
(sq. mM)_ R (kW 1.0 18.0

5.1 1.5 1.5 22.7 22.7 6.45 264

27. 4 " 5 2.0 7.7 2-5 27.4 32.1 7.7

9.1 3.0 36.8 10.4 In one rqctlcal

arrangenent havi n2 uch a wheel nenber ar?d?a 2 mmradial thickness T of
said 10 copper d at the bottom of SH® groove (12), .when dPedtat i ng at _

sai d wheel member speed and ﬁg(tg,;gii PEACPIRREN A rh fdmeh 4 hrgvlqlg IR gat a
and abut ment merbaEeeL SR MGG A dh Fadials thiqeass “ﬁ%ee' gy
cooling wat &0 f | ovéoppett teend cant atheatlm'ufom df tgeisl pEroamenyti )gnerhemovi di ng
oprin e ey a0y TREERES bonl VPl RIS el
that 20°  heat WRCPRERHIRE t9f dbinmhd Lanaten af maapesd §c¥rré
metres per minute, heat was extracted from the wheel
member and abutment member in said cooling zone at a
15 rate of 10 kW by'cooling water flowing at as low a
rate of 4 litres per minute and providing at the
surfaces to be cooled in said cooling zone a jet
"velocity of approximately 800 metres per minute.
This heat extraction rate indicates that
20 heat was reaching the cooling zone at a rate of some
2.3 kW as a result of the conduction of heat through
the said conductive band, the adjacent wheel member
parts, and the abutment member, induced dy the
U temperature gradient existing between the extrusion
25 zone and the cooling zone. '
- This measured rate of extracting heat by
the cooling water flowing in the cooling zone
compares very favourabiy with a maximum rate of heat
extraction of some 1.9 kW that has been found to be
30 achievable by flowing cooling water in the prior art
| manner through internal cooling passages formed in
the ‘abutment member. _
. Pigure 6 shows the way in which the rate of
extractlng heat from the wheel member and abutment
35 member in said cooling zone was found to vary with



2.3 kWas a result of the conduction of -heat through the said conductive

band, the adjacent wheel nenber parts, and the abutnment nenber, induced by

t he Lenperature gradi ent existing between the extrusion 25

cool}@g zone. This nmeasured rate of extracting heat by the cooling water -
in the cooling zone conpares very favourably with a maxi numrate of

flo
heat €&xtraction
by fl ow ng cooli
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sai d cooling zon
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of some 1.9 kWthat has been found to be 30 achi evabl e
ng water in the prior art _4gwmnner t hrough internal cooling

zone and the

in the abut nent nenber. Fidure 6 shows the way i n which
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rom.r ef er ence
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20

25

i nBﬁP??%%‘E‘FS{\ gﬁo?ﬁglwﬁ He' o Rof Sh‘%?% ‘t?aﬁs‘ébwem mlar to

sectional view taken on the section indicated in
Figure 10 at II-II.) As will be understood from
reference T4 in Pigure 2, the said copper band had a
radial cross gsection 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
that groove.' o ' '
Figure 7 shows in a ‘view gimilar to that of

Figure 2 a modification of the wheel member 10. ~In
that modlfication, a solid annular band 76 of copper
having a substantially rectangular radial cross-
sectlon is mounted in and clamped gecurely between
cooperating steel cheek members 78 of said wheel
member, so as to be driven by said cheek members when

a driving shaft on which said cheek members are
carried is driven by said driving motor. The band 76

'.has, at least intially, a small internal groove 76A

30

35

spanning the tight joint T8A between the two cheek

" members 78 That groove prevents the entry between
those cheek members of any of the metal of said band
76 during ‘assembly of the wheel member 10.
Complementary frusto—conical surfaces 76B and T8B on
said band and cheek members respectively permit
easier assembly and disassembly of those parts of the

" wheel member 10.

</



20 that nodification, a solid annul-ar band 76 of copper having a.,
substantjal l-y rectangul ar radial .cross- section is nounted in and cl
securely between cooperating steel cheek menbers 78 of said wheel ne
so as to be driven by said cheek nenmbers when 25 a driving shaft on

whi ch saf'd cheek menbers are carried is driven by said driving notor. The
‘band 76 has, at least intially, a small internal groove 76A spanning the _
tight joint 78A between the two cheek nmenbefd=78. That groove prevents the

entry between 30 ° those cheak mﬁbenseeéneﬂaloérbbeewtal 1 8f f%%h@dbaﬂd 76
during assenbly of e 0-Cconi ca
surfages 76B a%d 7§§ %ggga ggﬁg éﬁdpbﬁéggy#ﬁnﬁgY§n¥é§ %%Fv@h?epern1t

easi er assenbly an@e@bgasgénbbyu@f1taopévparpin026tbew35ds thbeel nenber

10, i une o ey TbRbeS! b®) 18EOPYEatngl an el Thbnb:! 16,0BPEL 43N, bV

I vot al adv nci nQ _t.he
Berlpheti of he r f&Pﬁn%gﬁhééP fEnbhe &butﬂenasmeabsr Gbinﬁg chntacp of
t he abut ment nenbewilf mhéocgppéﬁcbaMﬂthaﬁ@etEOQSEf Sé?se ﬁﬁdtghﬁQSHYgSigse
it to nmachine the per ressive eper sai ov
therein. Figure 8 § 8 S gﬁgg ng P$O§r?g§¥¥%fy PP £o Rt PRI on of
Figure 7, in mhlchsappﬁﬂnéelVberhbnthernalIy conducti ve band conpri ses

I al
LQﬁEEaSSaCSSS‘g??' Livggg:gﬁédfi‘ﬁﬁ o0 Sndo "o ML LORRLLE00 (e B e e R 000

t hermal 15 rel aBP B QPFh°5 Ehgure EA b whigkpltesnativweptbe zinc)
|ch is the same sherhallyocbrdtstivéesaid ¢bapFPsdsnenstbgarg 9 shows a

further alternatlvgogggglte annular bend 80 in which an inner core 82
| of a metal (such as copper) having good thermal
properties is encased in and in good thermal
15 relationship with a sheath 84 of a metal (for
example, zinec) which is the same as that to be
extruded by the machine. _ . '
Pigure 9 shows a further alternative form
of said modification of Pigure 7, in which
20 alternative the thermally-conductive band comprises
instead a composite band 86 in which a radially-inner
annular part 88 thereof is made of a metal (such as
. copper) having good thermal properties and is
! encircled, in good thermal relationship, by a
25 radially-outer annular part 90 of a metal which is
the same as that to be extruded by the machine. Said
circumferential groove is machined by said abutment
member wholly within said radially-outer part 90 of
said band.
30 Metals which can be extruded by extrusion
machines as described above include:- '
Copper and its alloys, aluminium and its
alloys, zinec, silver, and gold.
It should be noted that various aspects of
35 the present disclosure which are not referred to in




of said nodification of Figure 7, in which 20 "alternative the
:Ly- conductive band conprises instead a conposite band 86 in which.a
F¥N)nner annul ar part 88 thereof is nade of a metal (such as copper)
good thernmal properties and is encircled, in good therma
relati omShip, by a 25 radi al |l y-outer annular part 90 of a nmetal which is
the sapf as that to be extruded by the machine. Said,circunferential groove
i s machi ned by said abut ment nmenber whol | y=3#+ hi n sai d radi al | y-outer part

90 of said band. 3he claims beloM@!ﬁ Bhek hnadd e Sy jelesls hye eid usi on
machi nes as descri bed above i ncl ude; - er%gnd its Z{I oys, aI um ni um and
%‘ﬁ'g% BRR e

its alloys, zinc, "A9RAS1VA BT £T 191 ~%ik§bus aspect s
of 35 t he presqﬁtehtsdp;slﬂ&amm es NOB4024 £F y BUO2416) and - 24- t he

cl ai ns bel ow have t f ct C al e
of other, later- flﬁ%?hpatceﬁf app |ca olilosé) l\%hﬁ‘g%’lg @4’0? rﬁ)d
8402417 (publﬁ cat idrl MoB2P Il@lPQ?ZBWQlleB ®15 ofirhich werelsﬁhm on >
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(publication No GB 2 175 832 A) which has been
divided from the present application.
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1. Apparatus for effecting cont.inuous extru5|on of —metal—f+om a

feedstock in.,particulate, commnuted or solid f appar at us
i ncl udes:.« 5 (a) a rotatable mhee ﬂHﬁ nged for
rotation when in operation by a driving neans, hav

|
formed peripherally thereon a continuous C|rcunferent|al groove (12){2?@) a
cooper ati ng shoe nmenber (24) which 10 extends circunferentially areitnd a
substantial part of the periphery of said waegl nenber and which has a
portion (30) which projects in a radial direction partly into said groove
with small morkinggi&gﬁ%nce (32,34) fromthe side walls (14) of said
groove, said 15 1shoe nenbamgamaﬁuz1ﬂmﬁiaﬂﬂth&d@1ddm$ﬁmﬂdbs of said

groove an encl osed %k\g@{)# ae.xtﬁ.%?;s%‘g e Ia%l{%f % 9 t@.'r?ic(ﬁfla%%' d

wheel menber; (c) fee st oc nmeans ninlet 'end of
sai d pagsageway (48=)omurn@@olqmgw§od fqr@edé’thd-@lh ampaé'm‘c@ts dacdudessagevay
at said inlet gend whereby to (g @g-@g;gc{;am@ %rerelleq,eﬁble@t i(qipg) lay renged d
wheel menber, when tatln tom§¥gs eéﬁ&poéd}e out | et en of said
passageway; (d) an ZutifR & P& §T351n8 B§EBSrenper
(24) and prOJectlngamﬁﬁwﬁdql|mumhenmhawnm§d@ﬂwwﬁ (P43 ple redily dltelrenend
thereof so as to s | teqthat end and

t her eby i npede thelhboasog{;{;e o‘#}éf jou 3%1%8?% fr| ct | o %ea (r1ré|) n sal d groove
(12) by said wheel nenber, 3dP) & |R@Pnerad nﬂgséﬁeeﬁﬁﬂhﬁﬁn(%ﬁ

sai d passagewiay at eajdhdy/td iz tdiieaf; eouhddise s%ﬁiﬁn‘b(i”dl ‘i)%)rt

{rdl SgsggngZ;/d(Zho e&%%qr&avg%aﬁﬁe' S’tﬁe” fi ¢S openl ngw from
orifice feedstock qmmtisshi(BGaiwhich @®jects in a rad1a1 direction
partly into said 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 enclosed passageway (48) extendiﬁg
circumferentially of said wheel member; _
(¢) feedstock inlet means (50,52) disposed
at an inlet end of said passageway (48) for enabling
" 20 feedstock 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 end of said passageway;
(d) an abutment member (36) carried on said
25 shoe member (24) 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 passagé of feedstock frictionally
carried in said groove (12) by said wheel member,
30 © thus creating an extrusion pressure in said
passageway at said outlet end thereof;
(e) a die member (40,42) carried on said
shoe member and having a die orifice opening (42)
from said passageway (48) at said outlet end thereof,
35 through which orifice feedstock carried in said




groove (IZT’EHH—FFTE?TBHETT; conpressed by rotation of said wheel nenber
(10), when “mu“lessed and extruded in continuous ferm.to eX|t
from sald E “mv““f via an outl et aperture (60,58); and 5
=meanst (82, 64) *di sposed i medi ately downstream of sai d abut nent

nd arranged for connection, when the apparatus is in operation, to
a sob of cooling fluid under pressure, said cooling nmeans being arranged
to direct 10 cooling fluid fromsaid source at an external cooling
surface of at |east said abutnment nenber (3?% whi ch cooling surface is
exposed for cooling at and accessible fromthe downstream side of said

abut nent nenber. dioove 2(12) and fppethonslhycoompressed Gy roiativmr ei n
sai'd cool i ng Meanse (921 $4nba1haRuaE ANGPY Heﬁ'&Piﬁéﬂeofé' oftbE6beq

cooling fluid fromsalrd source a peri pheral coo g. surface
of said wheel nersrd ¢xtyudedtn eentingouarfarm,i 50cepbtctron said $ori@uch

cool i ng Inned'ateéHoQOMQﬁﬁé?a w; G@adaﬁbuﬁﬂnat apabeﬁré3ﬁao $8); and-
Appar atus according to cooléng means

(62, 64) includes a nozzle ( ﬁ?g gﬁdmﬁﬁﬂsafggngézaébsﬂ??% t ajet of
said 25 cool|rmmﬁémidtenytmownsardamooflagiéuabatnent senbenbandent

menber (36) at $r;£§%e&”?35“@bﬁﬂe8990h'eip@ﬁokﬁgtéggan%ﬂssﬁédlﬂrOove

(12) on said mhe cor aim 3,
wherein 30 saldpﬁb%ti@n(Gh? #sSapspesad ﬁﬁelbpﬁaﬁbﬁadtﬁn@gFect a jet -of
sai d cooling fluigrdgekty, OQai& é@bﬂiﬁgrﬁaﬁﬁsoﬁeiﬁgdaﬁbuﬁgémttaﬁdbtect36)

(12)"ani ob 9e acsaeEhieseiiiasEFimnpand Sobt e8sat ah oxteRhaTlGaBIERKS
according to Clalsmﬂfacerﬁ|at4least said abutment member (36), whlch
cooling surface is exposed for cooling at and
accessible from the dGWnstream_side of said abutment
member. N N .
15 2. Apparatus according to Claim 1, wherein
said cooling means (62,64) is also arranged to
simultaneously direct cooling fluid from said source
at an external, peripheral cooling surface of- said
wheel member (10), which cooling surface is exposed
20 for such cooling immediately downstream of said
abutment member (36).
3. . - Apparatus according to Claim 1 or Claim 2, _
wherein said cooling means (62,64) includes a nozzle o
(64) disposed and arranged to direct a jet of said
25  cooling fluid on to a said cooling surface of said
abutment member (36) at its free end, which end lies
projecting into said groove (12) on said wheel
member (10). :
4; Apparatus according to Claim 3, wherein
30 said nozzle (64) is disposed and arranged to direct a
jet of said cooling fluid partly on to said surface
of said abutment member (36) and partly on to
external surfaces of said wheel member (10) and
_ groove (12) which lie adjacent said abutment member.
35 5. Apparatus according to Claim 3 or Claim 4,



-27- wherein said nozzle (64) is disposed and arranged to direct said jet
al ong an exposed. surface of an abut nent support whi ch is.

di sposed downstream of said abutnent nenber (3 ;"ﬂﬂmm;ﬂﬂimutsupp 5‘33
sai d abut ment menber agai nst said extrusion pressure deve QE’ -

t her eof ~sai d jet shrouding and cooling said abutment supporting nmenbe+~as
wel | as” at | east said abutnent nmenber. 6. Apparatus according to any
one of the 10 Claims 3 to 5, wherein said_pezzle (64) is constituted by
the open end of a cooling fluid pipe_(62) which is secured on said shoe -
nmenber (24), said pwpersénngaéﬁraﬁgéaef664éohﬁeéﬁs@ﬁsa@ ppd arpargeddteo a

sai d -sour ce - of Coolaﬂseéhusalanget RLEAGUAA. eiéosed7surface ofAPRAr at us
accor di ng to any pr

4
pi votal | y " mount ed O%ﬁg@ gﬁs§BP§8f§?5§Sm§P e€2é§ggtwggggsFFl%HABSﬁﬁgtream
of saidy agbut nent nedbenstBépmant saifrabudmenti nemberh{Galashé weiehni ng

o (20) par ! 819°0oHBPBRLLY 201 ayhtndRk"haRRS hdatHaE, BRTRErtPubifn,
retaini ng means frekrﬁgsgaeddgﬁeéoneﬁb398$aﬁapuvbgaPOﬁmvéﬁéﬁtaeélat.ve to

sai d wheel menber whareliihg Qh&ecéﬁiQﬁg haiaaaaumaéa%gngpoéﬂﬁthEember
between its said inlet aig out us according to

any preceding cl ai nfFuwWHg |ﬁss§%dlﬁﬁﬁglsﬁéﬁb%PuFTS? |H88#35rates
concentrically theréi.n an annApaaratisr aecbydingntiocenycohandf(¥hg. 2, 74)
of a netal ha t ties,
i band ber 10 Tnoc384dd, 5, £8°3, #ABSERN 8813 okRT8 MERY! 18 LTORC! cel
ne er (10) which béeﬁﬁtéﬁﬂtééfpﬁet§&|BPGPrGBﬁfefeﬁtP8P1§P60§éu€§2?ipand

sai d band serving t¢eahsehbcheab gesaraidcdn Balildeshver Wemberz¢ne) 35said

| medi ately “pStrea%E%L %%Eggagggg%g%d nberog g%t?on at its other end
to a said source of cooling fluid under pressure.
15 7. Apparatus according to any preceding clainm,

wherein said shoe member (24) is pivotally mounted on
a transverse pivot pin (26) at a position downstream
of said abutment member (36),'and is provided with
withdrawable retaining means (28) arranged normally

20 to maintain said shoe member in its operating
position relative to said wheel member (10),
withdrawal of said retaining means freeing said shoe

' member for pivotal movement relative to said wheel

member whereby to give access to said passageway (48)

25 between its said inlet and outlet ends.

' 8. Apparatus according to any preceding claim,

- wherein said wheel member (10) incorporates

concentrically therein an annular, thermally-
conductive band (Fig. 2, 74) of a metal having good

30 "heat absorption and transmission properties, said
band being in good driven relationship with the parts
of said wheel member (10) which bound and define said
circumferential groove (12), and said band serving to
absorb heat generated in the extrusion zone

35 immediately upstream of said abutment member (36) and



-28- to transmt it to-a—eo6ng zone i Mmedi.ately downstream of said
abut nefit nmenber for absorption there by said cooling fluid. 9.,

Apparfat fis ac mﬂlﬂﬂ“] muﬂ , Wwherein 5  said thermally-conductive’band
(74) stita i said wheel nenber which bound and define
sai d B#rcunfer®entSal* g ooVve (12), and said band is formed of a nmetal which
is the sane-as the netal of said feedstock. 10 10. Appar at us

according to daim8, wherein said thermallygconductive band (Fig. 8, 82)

i's sheathed in a second annul a nd (84 whi ch _second.band _constitutes )

said parts of sai§°mﬁﬁﬁpsﬂéﬁbé¥ gﬁi%hé%%%ﬁﬁgaﬁanaef?ﬂgg%3?8§3ircunferential

groove 15 (12) downditnkashofesaind sdbmtment| memberafdrt Absomipition

conducti ve band (§g%rgrgg1§gi@ ﬁé@?Yﬁ%afﬁuiﬁ?dStOCk di sposed therein, and
whith is t '

is.formed of a neta e _sane as the netal —of said -feedstock, the
metal of said thePmally-con#BERT3EUBaRABCPBEiNEetAGCHRERBeniWhegelin f oy

azid netal;gstﬁaidaffedﬁéegallilco%dugti#@pnaﬁausgaqpebdbmgfhgeGLahﬂu : |
erein sai er na -cgnducti v n i g. i S overl ai a secon
annul ar_ band (90)?aﬁﬁ¥cﬂ9s§86hdwgﬁﬁg %8§§%?tﬁg%§§s598n8a id gF%§§¥d wheel
nmenber 25 whi chabdunilrendfdeénhbalagrioevec(ih®e; eanlaBagdoband( 12), and
whi ch second band [ | gt [ rogl Lyac (o WY a 8 rom
sai d groove and fgggg%gcéed?sggge _?ﬁ%?gig?-g%g'?gﬂgoéﬁeghgf&%tégtgFfwhich
is the same as t h8ehdt BPe@8tQ8K¢ feedstock, the 30 nmetal of said '

ther mal | y- copduct ige band (&#8pabatag detbedeng too0Llsand8yeidlerefinsaid
wher i nsai d ci rcAAHr SRerRr Ty oEERERGETve vaY ERTEN 8 (823! ol or Dand
(Fig. 2, 74; 35 shpaghed inca Segong, aBnulargband (6%)hywaichcsiesond
band constitutes said parts of said_wheel member
which bound and define said circumferential groove
15 (12), and which second band isolates said thermally-
conductive band (82) from said groove and feedstock
 disposed therein, and is formed of a metal which is
the same as the metal of said -feedstock, the metal of
said thermally-conductive band (82) being different
20 from said metal of said feedstock.. _
1. Apparatus according to Ciaim.a, wherein
said thermally-conductive band (Fig. 9, 88) is
overlaid by a second annular band (90), which second
band constitutes said parts of said wheel member w54
25 which bound and define said circumferential groove
o (12), and which second band (90) isolates said
thermally-conductive band (88) from said groove and
feedstock disposed therein, and is formed of a metal
_ which is the same as the metal of said feedstock, the
30 metal of said thermally-conductive band (88) being
different from said metal of said feedstock.
12. Apparatus according to any one of the
Claims 9 to 11, wherein said circumferential groove
(12) is formed in a said annular band (Fig. 2, 74;
35 Fig. 7, 76; Fig. 8, 84; Fig. 9, 90) by a machining




-29- process in which netal of said band is réemoved, so as—to—form said

groove (12), .by progressively urging said abutr r (36) when car leq
in said shoe nenber (24) (or the equival ent thﬁ mwi' h5 u o5 g [
nmetal of said band. 13. Appar at us accord : s ing c|.H%3‘f

wherei ngsaid cooling means al so includes cooling fluid adm ssion neans
(65,67) -arranged for admtting cooling fluid froma supply source into said
10 passageway (48) at or near said inlet_ggd thereof. 14.

Apparatus according to Caim13, wherein said’feedstock inlet neans (50,52)
i ncludes neans ar r gnpEesol mathich agted ofi g2pds3angdvas FABPVEL s8PASFNI et
end thereof feedst QoK AdrmPayaiiac WrdoweO(12), byCorbiRebadvedimuorliyg and

wherein said cooling f]uid adm ssion ne 6%? i ncl_ude R d f
adni t-ting cool i ng fﬁ%ﬁQiQhﬂﬁ?%ﬁﬂ(Tﬁﬁ§§§a3§%a§w'%Ph°§5F&e§aE??§§F§{%%§ge o
conmi nuf ed feedst octentfersaiat ) rloat thed eq2Avalens. thereofApgaspens iaseor di ng
to daim1l3, erelq}hesq!{éjhgle. ts%cliﬁ ib%!n%t. means (50, 52) includes neans

0

arranged for admitt 0 sai d passageway (48) at said inlet end thereof
feedstock in parti ddate or ADRATRKUE &Ronddneg toaaavnREReEed 184 §1EdBi ng

.fo [agisg'n?t hroﬁdhm' :ngsiagpssaglma? féde!éjn@ dleb (6éLludespeseding and

admi t cool i nggf | ui dfd]quti%%‘imné'iaﬁ%{%f#?elc?é‘%ﬂ?ssgﬁj(}n%f%%ﬁggrﬁggﬂ'%ﬁl% t.o

e o it s

sa%lg/: passagevn\gg/. subé%‘%%%?ez}ﬁ%e?ﬁq éagﬁﬁwﬂp%gs_%%&;}m&%a :e%d'wg "

conpacted therein. Y. hopanadus agcdidding %% nbrégeﬁmﬁ§33%hin1 35

substantial |y as heggi abeded£s666 cinlesl médrds (50,52) includes means
arranged for admitting to said passageway (48) at
said inlet end thereof feedstock in particulate or

15 comminuted form only, and wherein said cooling fluid
admission means (65) includes means arranged for
admitting cooling fluid into said passageway with
said particulate or comminuted feedstock at said
inlet end. '

20 15. Apparatus according to Claim 13, wherein
said feedstock inlet means (50,52) includes means
arranged for admitting to said passageway (48) at
said inlet end thereof feedstock in particulate or
comminuted form only, and wherein said cooling fluid

25 admission means includes a fluid duct (67) disposed
in and passing through said shoe member, said duct
being disposed and arranged to admit cooling fluid
from a said source via said shoe member projecting

_portion (30) into said passageway (48) at a position

30 intermediate said inlet and outlet ends thereof, at

- which position said feedstock in said passageway
gubstantially fills said passageway but is not fully
compacted therein. _
16. Apparatus according to any preceding clainm,

35 substantially as hereinbefore described with



-30- reference to and as illustrated by.any relevant single figure or group

of associ

hod of 0 aratus for 5 effecting continuous ext rusi on
lﬁﬁﬂ g particul ate, comm nuted or solid form which
app r -n ay a*rotatable wheel nenber (10) arranged for

ures I n the acconpanyi ng di agrammati ¢ drawi ngs. :17.

r ot aprQn mhen I n operatlon by a driving neans, 10 sai-d wheel menber
havi ng forned peripherally thereon a conti us circunferential groove

(12); (b) a cooperating shoe nenber (24)
around a subst antrieflergce 3o

has a 15

wal | s (14) of sa®§©

of. sai d groove an7EncIosedApmmﬁhyﬂMnf(dﬁﬁréﬂlng A tappdimygbus for o4
circunferen

di sposed

opposi te,

I all :mmp clk Jinl ans (50, 52)
at tsan |)rélf%{ end %)\fl%s passaexet(V\r/g)sj'(oi’B%S# %é%ear%ab ng feedstock to
enter said passaf@rdstacksdind n%ﬂfétcwwmn@q&e Oé‘n@jeicﬁ &rmarri ed
frictionally by d®iech Y

| imhEegahen rotating, towards the

A e
outlet end of said passa abut nent nber (36
carried on said shoe merrber(a() é’%nf%eeé%h%& rmeﬁﬂ.%ﬂqf P da

passageway (48) . abrsa-lod:amitdmmﬁm uﬂimpm'faﬁmmsbyt @ Arivingimdensjal |y
cl ose said 182

feedstoc.k fri if?%%\g%]yﬁzﬁl?% N said Ldgoove éﬂ%%qqfﬁ%%ix%%ggo%er

thus creating angegonddinsous ednguat 3*said outlet end

t her eof ;

and

15

20

25

30

35

(v) a cooPerating shoe member (24) which
extends circumferentially around a substantial part
of the periphery of said wheel member and which has a
portion (30) which projects in a2 radial direction
partly into said groove with small transverse working
clearance (32,34) from the side walls (14) of said
groove, said shoe member portion defining with the
walls of said groove an enclosed 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

feedstock 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 end of said passageway;

(d) an abutment member (36) carried on said
shoe member (24) 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

~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

I'Ch extends circunferentially
e B i lﬂiewmaf‘ceﬁauby winge red@ieayt and whi ch

portigdm %O)n\@wéﬁ d¥ gxeﬁips dfn e&é&qae@f
said groove with sma transv%HFe wor K |ng cl earance ( 4) fromthe side

AP INESy deflnl ng with the_walls

dey) fArde | Nto

i

P



35 (e) a die menber (40,42) carrie ~ -31- shoe
menber and having a die orifice (42) opening fraﬂﬂ ’ {l j Hm (48) AL~
sai d oltlet end thereof, through which orifice f in sal '
groove (12) and frlctlonally conpressed by rotation of sai'd. wheel

menber (16) when driven, -is conpressed and extruded I n continuous form to
"exit fromsaid shoe nenber (24) via an outlet aperture (60,58); said nethod

conprising:- (i) rotating said wheel menber =p16) at a 10 substantial ly
constant speed; (iighoeUnBmbeRdatdl 884I0ECk HQeSabdeBbe(420dogén§agd

assagewa 48) at a rate sufficient to r ont
Brodugt t%rgug% saﬁﬁ°@kﬁ@&§|@#45%§%UFWTK§é5 3 )saéﬁ T%Eu Sxkhg%gggﬁi)
directing a cool i nghfrlogigh #hiah @Xhﬁﬁm&lf@@dbmngksnaﬁadedoﬁnasahéast sai d
abut rent._ nenber (36 oal.in I d bl
. ( Ié%ﬂqxg ngg h gg&%f&%%illﬁb%éﬂggggs@h 39 rh%a%?%ﬁss' e

fron1the-domnstrea t hod
accordi ng to @& ai moif7 saMdemele]amb@l‘cc(dIQ)ngWhlem érﬂyeahsé%ﬁp@@?éase

simul taneously at ah@kridled Y dUHIHGPldd, S ol 39e toleronl dayhcel
menber (10), which coollng sur(gas adj oins s
h

member (36) and i s B85 V@@bPPnQ ot aPﬁﬁEHF&téﬁQ égaﬂ g§%§n1of

sai d abut nent ﬁenbm’eth]& comp risénrgzt-hod according to Claim17 or C aim 18,

wherein said cooling fluid i o] f n

abut ment supporting nmenber ( aﬁ&,@ %lEsL£§g?%oﬁi%%b%gé1§§? salg'

abut ment nmendér 30 subthx)tlaid-mm@mmdsald abut nent nenber agai nst
id extrusion pressure devel e Fedist 0Tk & o @aliidng dlet d

X
| eas?dl ng and cool | ngd Soa:‘.l dsaafc.%Utp?srgagselipJ)y 4@39 ar{.enber t(e38s)laf%sz.c\§.'e nlt 33 &
extrude a continuous extrusion product through said
extrusion die orifice (42); and

15 _ (1i1) directing a cooling fluid at an

- external cooling surface of at least said abutment
member (36), which cooling surface is exposed at and
is accessible from the downstream side of said:
abutment member.

20 18. A method according to Claim 17, wherein a
said cooling fluid is also directed simultaneously at
an external, peripheral cooling surface of said wheel
member (10), which cooling surface adjoins said

o abutment member (36) and is exposed for such cooling
| 25 immediately downstream of said abutment member.
- 19. A method according to Claim 17 or Claim 18,
. wherein said cooiing fluid is directed along an
exposed surface of an abutment supporting member (38)
.which is disposed downstream of said abutment member
| 30 (36) and which supports said abutment member against
said extrusion pressure'developéd upstream thereof,
said cooling fluid shrouding and cooling said
abutment supporting member (38) as well as at least
said abutment member (36)
35 = 20. A method accordlng to any one of the



sai d abutment nmenmber (36). 35 . A method according to any oné of

t he '-32 mhereln cooling fluid is admtted into said
p geway mlmlgﬂllnwvﬂiﬂlsal d.inlet end thereof. 21. A net hod -

|n said feedstock is in particulate or
conn1nuted formonly, and: mhereln said cooling fluid is admtted into said
passageway (48) with said particul ate or conn1nuted feedstock at said inlet
end of, sai d passageway. 10 phod accordlng to C|a|n120

22.
wh d feedst ock t 18" nd
oherel n Sl d boo EheTReL g Fe"TEm FHEA: ‘in?%o@ THed18dg.da, = iRaead s

position intermediate said paksagewdyo(#B¢t asnds nbare-t;daun&hmcbnd05|t|on
15~ sai d feedstggép sald passageway substantlally fills said passageway

but is not fully C ed t herein. 23. A net hod according to any one
of-the aims 172fe 22 suBsmahrdl pgcasdiagetopbiada d08scWBE] LR t

reference togand leﬂlkeédsﬂbeﬂ Dy QHYpEQtlculQE%V%&tc%hﬁﬁh&t%dgwbemor'
group of assdci at & figur

the acci npan rangmat i.c ngs. 24.
A continuous extrQ8L3n §9§t€hﬁ€8&ﬁr? °°°§&P%é%é rfo mé% #Edsi on
apparatus (100) a@a@bdsagdtpaseagewayoK4Bﬁew€wa|saiﬂ partdctudeate2sor

produci ng a Cont'g#@%ﬁsqﬁ%§4f%?§3%%bﬁnﬁﬁ %Hsalg Q3) en@) £33 o84t I USi ON

product treat ment _ _ “throug extrusion product is to be
t hreaded and dr awpagséa&ewa¥nsi on from sai d extrusion 30 appar at us,

whereby to ¢pf ect 23 desi redACh@Fm@dl ac@mdqrngmroemreadetzor Myhedein - .
characteristics OLai%‘ ee gt%%&??s n particulate or comminuted form R.J
Only, and wherein said cooling fluid is admitted
into said passageway (48) at a position intermediate
said inlet and outlet ends thereof, at which position
15 = said feedstock in sald passageway substantially fills
said passageway ‘but is not fully compacted therein.
23. ' A method according to ‘any one: of the
Claims 17 to 22, substantially as hereinbefore
described with reference to and as illustrated by any
20 relevant slngle figure or group of associated figures
in the accompanying diagrammatic draw1ngs.
24. '~ A continuous extrusion system comprising:-
(a) a continuous extrusion apparatus (100) -
aocord1ng to any one of the Claims 1 to 16 for -
'25 producing a continuous metal extrusion product
(102); o
' (b)'an extrusion product treatment means
(104) through which said extrusion product is to be
threaded and drawn under tension from said extrusion
30 apparatus, whereby to effect a desired change in one
' or more predetermined character1st1cs of said
 extrusion product;
(¢) a tensioning means (106 112) arranged
to apply, when the system is in operation, a tension
35  to said extru31on produot leaving said treatment



operation, g_tension 35 to said extrusion pr tr eat ment
-33- means whereby to continuously draw said ext B"Fro h sai d
treatnment neans; (d) a tenperature sensing nmeans (122) ar?ange é%ﬁ;{
the temperature of the extrusion 5 product as it |eaves the cont
extrusion apparatus and to provide a tenperature reference signal dependent

upon the sensed tenperature of the extrusion_ggpduct (e) a t ensi on sensi ng
nmeans (118) arranged 10 - é%en%e t he tenS|o h of the

extrusi on product ext®AF ﬁ? e ﬁ@té§PP 56&5?
treatnment neans, an@n@%ﬁ@@hmﬁorﬁﬂ%&dﬂs@dkmml dependent upon

the sensed tension in that Ier'(gt)haottegnggr@gtlrléslsg s‘lréd nNd.
{

(f) a control apparatus (128) arranged for control e tensioning
means, which cont r ol@TRRSGS (FO iSenses fes beaperadare adnidreaF e usdiod ence
3 gnal AMd sai & t engiratoredmds lﬂ.:e@ﬁds 20¢ Convinage dx @l said
ensi oni ng neans aut.onat i SUC a sense
tension in said | enfAPHEER A8 b BrGT L8P0 EeTBBES tHIE Spdarpise
predet er mi ned saf e \&lgnalwdiependente nponhihet Benged ¢ empegasureniforbhef
sai d extrusion pr0d4§itfﬁstdh? %%Q .tenperature at mhlch the 25
extrusion product |eaves t rusi on apparatus A system
according to O aim 24, wher e| es)a Teaddon s&ﬁ?&r”& %%I(dd@ _ar(rgnﬁd
function generia or (ﬂ&@kdsesmlwash@nsamdth@m@n@w off &y Uy idial

o P00 0 7, e B PSR P 30, L S anc
the treatment means, and to provide a tension
feedback signal dependent upon the sensed tension in
that length of the extrusion product; and
15 (£) a control apparatus (128) arranged for
' cont;olling the tensioning means, which control

(c) a tensioning neans (106, 112) arranged to applﬁ mhen the systentls I n

apparatus is responsive to said temperature reference
signal and said tension feedback signal and is
arranged to control said tensioning means
20 automatically in a manner such that the sensed
tension in said length of said extrusion product does
not exceed a predetermined safe value which is less
than the yield stress tension of said extrusion
o . product at the sensed temperature at which the
25 extrusion product'leaves the extrusion apparatus.
25. A system according to Claim 24, wherein
said control appératus includes:-
| (i) a function generator (124) responsive
to said temperature reference signal and arranged to
30 produce in responée thereto a tension reference
signal representative of the yield stress tension for
said extrusion_product at said sensed temperature;
and ' _
| (ii) comparison means (128) responsive
35 differentially to said tension reference and feedback



sai d ext rust product at sald sensed tenperature and (ii) comparison’

neans (128) “““ML differentially to said tension reference and
“ﬁig“ d arranged to produce in response theretoa
rn c@ntFoITlng sai d tensioning nmeans in dependence upon the
d|f ence of said tension reference and feedback signals. 5 26. A

systefMaccording to Claim24 or Caim?25, wherein said tensioning nmeans
i ncorporates an electrically energised torque notor, and said control
apparatus is arranged to vary the eIectricéH-energisation of said torque

nmotor. 10 27 1" A QG rafn defge dlol Nt inn g%%al g on
product (102) |s§$ ai SA nla co ﬁ?ﬁﬁﬁgu§b%§§§§gﬁgn&gbgar fus 6§?¥£ccord|ng

to any one of thé& E&° LR anrsnéla&&eébeflﬁé%‘tléﬁs of : (i)
t hreadi ng sai d exemns dm mmgmmdbnbﬁ upomsthbnglﬁﬁﬁﬁe&o%abi %éhHUSIOHAT.

apparatus through gan;extn |§§éggn%rogﬂﬁt g%gg§n§%5§?g§0(104) (1) A

continuously applying a tensi on to said extra ct as it energes
from sai d t Peat m@%- neans WheySHhen eceoading doeLileisi 84 20 Clagmo @Gt

t][w ouggI saltd treahe&otinrr;saaa @B?libhﬁh?bhehﬁs' &ﬁ!té%eparta% | @ ﬁt' n the length
of said extrusion.pradyc urren e bet weén ext rusi on
appar at us and salfd & &Fﬁ&ﬁ? gﬁ él% sBR °Fheapgnﬁéﬂ§tﬁp§ﬁﬁplsald
25 ext rusi on p@@dmamuasistakeamgsdsaodvaryrmheoelepmadehns, and
producing a tenpgiy %%%stfq%%r%cha%th%E§h£2g% W?Ich I s dependent on the

- sensed tenperature,; ron 1 n the said length 30 of

t
sai d extruépon p?gduct and HﬁGgeélﬁ§ jreafingna continuous metal O

extrusion product (102) issuing from a continuous
'extrusion apparatus (100) according to any one of the
Claims 1 to 16, which method includes the steps of:
(1) threading said extrusion product
15 issuing from a said extrusion apparatus through an
extrusion product treatment means (104),

(ii) continuously applying a ten31on to
said extrusion product as it emerges from said
treatment means whereby to draw said extru31on

20 product through gaid treatment means, and thereby to
‘induce a tension in the length of said extrusion
product currently extending between said extrusion

apparatus and said treatment means; k;f

- (ii1) sensing the temperature of said
25 extrusion product as it leaves said extrusion
apparatus, and producing a temperature reference
-gignal (120) which is dependent on the sensed

temperature-
(iv) sensing the tension 1n the said length
30 of said extrusion product, and producing a tension

feedback signal (116) thCh is dependent on the
sensed ten31on, _
(v) converting said temperature reference
signal into a tension reference signal (126) in
35 accordance with a predetermined function relating the

K



f eedback signal (116) which is dependent on the sensed tension; (V)

converting said tenperature reference signal erence
signal ~1T26) in 35 accordance with a predet mmmuur“mmmmrel : 'TTQ\ t he
-35- value of the said sensed tenperature and the valwe Pof sa safe f b,on

whi ch cah be induced in-said |length of said extrusion product wtho
exceeding the yield stress for said product at the sensed tenperature; 5

(vi) conparing said tension feedback signal w3h said tension reference

| d d fi d d t.h
devi ati on of "sai d toRkpErOF BT SRt o SRFET T SRRl Y RHE ne A T o o
tensi.on reference stgafe te)nsmanmh;ohl $amope ripducai sia saishsiengtippd ed

to said extrusion péQﬂ&Céxﬁﬁﬁéﬂbﬂgpfééﬁbﬁa#ﬂtﬁéﬁ%“é%%@edﬁﬁg‘ Hd dence
upon sai.d difference s%g% b I n a manner such as to prevent” sal d“sensed

tensior_15 excee¥tT %?ds%éﬁePf%ﬁ%?Bna@aTQRes%H?ed temperafgiig nuous
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therefrom a difference signal dependent on the
deviation of said tension feedback signal from a
value determined by said tension reference signal;
10 and ' ,
\_ (vii) controlling said tension applied to
said extrusion product emerging from said treatment
means in dependence upon said difference signal in a
manner such as to prevent said sensed tension
15 exceeding a said safe tension value.
28. A continuous extrusion product produced by
means of a continuous extrusion apparatus according
to any one of the claims 1 -to 16, or by means of a
method according to any one of the claims 17 to 23.




