2143455 EXTRUSI ON OF METAL This invention relates to machinery for - -
extrusion of netal of the kind in which a passageway is forned between an
arcuate first menber and a second menber. 5 'n the:formuf a wheel naving a

circunfe'\h{ial groove forned iLn,its peripheral surfazg-iﬂhgrghich groove
the fir tg mber projects, the wheel being rotatable hpbegnaterial I n Q
the pasdqa y toprrdgs9hR 8PduelrAg exit end) thereof, an abutnment nemnber '

extendin Cross at the exit end thereof and at |east one

die orifice throughishenabHtiBat reBEREE Qb WACAYGR 3 Rt Of the arcuate
first nmenber adjacent the abutnent nenber. The. abutnment nmenber nmay be | arge

enough éptPhocknt Be gedadf ocbhenpagsadeway waapl at @lay seaewdgsard bed in the
15 specification of UK.Patent 1370894) but especially when the material to
be extrpishefled ShatwebAat axebychard erak, meadlkraandoppaecond meaivar t hat the
abut ment nenber is of substantially smaller cross-section than the
‘passhgelaytaadfbeaves a substantivahggap cherwase rteme iallutgrenty srenber 20 and
the groove surface and that the material being extruded is allowed to
adhere fornéd frodve sarfaberanhepcbpca dobst amtlichl groopyer ttihen of t he net al
(as distinct fromthe inevitable | eakage of flash through a working
cIearan%bﬁséx@éﬂﬁgrtﬁreﬁgﬁtﬁhetéﬁeahaﬁgeb&ﬁagr@ﬂé@ﬁ§bé§ &o2mrge ning in the
groove to re-enter the passageway while the remai nder of the netal extrudes

geway
t hr ough®*her trt bRi FheePEPSaEEYALSEPFBEG S RNGuEnUK (Plee®i INo 818069389B.

thgreof, an abutment member extending across the
lWﬂj.passageway a;_the éxit end thereof an& at least one die >
orifice through the abutment member or through a part of
the arpuate first member adjacent the abutment member.
Thé_abutment member may be large enough to block
the end of'thé bassageway completely (as described 1h the
15 speciriéation of UK Patent’1370894) but ;specially when
the'materiél to be extruded is a relatively hard metal,
such as copper, we prefer.ﬁhat the abutment member is of
substantiaily smaller cross-section than the passageway
\__~/ and leaves a substantial gap between the'abutmeﬁt member "%
20 and the groove surface and that the material beling
extruded 1a allowed to adnere to the gréove'surface,

. whereby a éubstantial proportion of the metal (as distinct
from tné inevitable leakage of flash through a wdrkiﬁg
clearance) extends through the clearance and remains as a

25 1lining in the groove to re-enter the passageway while tﬁé'
rémainder of ﬁhe'metal extrudes through the die

orifice(s), as described in our UK Patent No. 2069389B.



_2- Such machinery is commonly known as "Confornt machinery, and will be
referred to aS such hereinafter. No. doubt because or the extreme as
of the di:e area, we have found that the product of Conform5 extr

for exanpl e a round die produces)Mlﬁa&ﬁ‘appre0|ably oval cross-section.
1 s\t'he. object of thIS I nvention to elimnate or at- Ieast reduce this
effect * 10 . . “°Pnm&@@dﬂd&ﬁbé%MQQ¥Nﬂﬂ§%ﬂﬁﬁﬁﬁn(ﬁStTRPHﬁﬂRﬂﬁlon a
Conf or m machi ne_i ncor por at es di_e-unit for extrusion apparatus conprising -
a die and a 8F§hﬁ8ﬁd§r Fﬁdwﬁriﬁ Pﬁeﬁfﬂ?"?fdsdﬁpdﬁté§Qth%%?%ﬁﬁr%mpded over

| east a substanti al a sl eeve extendin fron115

the worki ng face betmee @gdlgeéﬁdsfh@ &eh&ﬁﬂﬁﬂﬁﬂufﬁﬁﬂﬂ? V- £ fnetha
soft conpareq. i hBguhedl 6 «aa%d ftt%ddéoa*tolc%% (Rt 63 O e udes al so

an extrusion meth MaCRINe used andt products of

20 the net hgderuBebWdinag rdq%%rws&%nrt%%a%eﬁ GanfsQy fpe”‘%“r*t'mht

defined). The die unit IS preferably a separate insSert i% desired.
‘the die hol dehreolghdwlaacell neciday pRoRdedd) e Shampld of he utdgignt of the

machi ne. 25 Preferably-the sleeve extends to the end of the die -

at its entrypendubas suopsofhapbr@bihm&ye»whlemdoeh section. It is
the object of this invention to eliminate or at least
reduce this effect.'
| _\// - 10 o - -In- accordance with one aspect of the invention,-'
| a Conform machine incorporates a die unit for extrusion
apparatus comprising a die and a die holder in which the
die is supported but is surrounded over at least a
substantial part of its length by a sleeve extending rrom
15 the working face between the die and the -die holder and
made of a metal soft compared with the die and the die
" holder.
The inrenticn-includes also an'extrusion method
L in which such a Conform machine 1s used and products of
: 20. the method, ‘including round wire made by a Conrorm machine
L(as:defined). | |
The die unit is preferably a separate insert,
but it desired the die holder could be directly formed in
" the shoe, or the abutment of the machine. |
25 ~ Preferably the ‘sleeve extends to the end of the
die at'its entry end but_stops short of the'exit end of

the die sufriciently_to provide positive location and



“the die suff|C|entIy to provide positive |ocation and pressure-tight
engagenment. Preferably the die is held in the die holder by neans of a
~close fitting ring of hard netal or -a machined step in-the die holder. 5 %
The ‘Ieeve can be forned nerely by |l eaving a cl earance whi ch becones filled
the nmetal being extruded 3r-a preformed ring of that netal can be

¥/ but to avoid a risk of danage to the die and/or' the die hol der wWeén
'theIpﬂéu§mxe€tighenehgagemamr&ﬁter use-it is 10 preferable to use a
sl eeve made of another netal (soft conpared with the die and the die
‘hol der) that wiPreferablyoniley ddehelre teold hinnthel die beldenr ided. For
copper and alum nium and their alloys. and nost netals that are conmonly
ext r useahs £ dasciebei £igting siingke mrdrnataloohens machiimed tit ani um
ni ckel and pure iron. The invention will now be described,. by way of
examﬁtﬁpvimhthefé#enbelﬂsrthe acconpanyi ng draw ngs in whi ch: - 20
Figure 1'is a cross-section of part of. a Conform machine (in accor dance _
wiXh our UK PatEhe 2868¥89BR5s e aﬁﬂ‘é"#%rmﬁﬂ‘lﬁspﬁnléﬁvéﬁﬁpér Fi gures 2

and -3 are nutual| er pendi cul ar. vi ews of a die unit_formng part of the
knmmF%ﬂ&Eﬂ%?ﬁswgﬁsaanﬁ°ﬁﬁs Hiidhed with the mecal belng _

extruded, or a preformed rlng of that metal can be used-1
but to avoid a rxsk of damage to the die and/or the die
holder when the machlne Ls_taken to pleces after use 1t is | | L;j
10 preferable to use a sleeve'made.of.another.metal (soft
compared with the die and the die holder) that will not
'strongly adhere to the metal to be extruded. _ _
- Por copper and aluminlum and their allovs. and
.host metals that are commonly_egrruded,_m1ld sreel is a
15 suitable materiai; others include titanium, nickel and
pure iron. _. o | |
The invention will now be described, by way of
ekample,:with referecce to the accompanying_drayipge in
whichi- | o
20 | ?iéure 1 is a cross-section of part of a Conform
machine (in accordance with our UK ?arenr 20693893) “
suitable for extrﬁsion of ¢°PPQ::_ - .
' Figurea 2 and 3 are mutually perpendiculardyiews
of a die_unit formihglpart of the known apparatds_shown'in
'25 Figure 1; - |
| 'Figures 4 and 5 are"motually perpendicular viewe
of a preferred form of die unit in accordahce-wirh the
invention:; and |

Figures 6 and 7 are mutually perpendicularfviews



Figures 4 and 5 are nutual ly perpendicul ar views of a preferred formof die
unit in accordance with the invention;, and Figures 6 and 7 are nutu
perpendiéular viems... 4 of anot-her formof die unit in accor dance t he
invention. In the nachine shown in Figude=l, a wheel 1 (the curvat f
which is too slight to be visible at this 5 scale) is formed with &
rectangul ar grobvanthenafoturaf, dhecainidl |in Gcqardange udith phssageway 3.

The fOurth wall is fornmed by an assenbly conprising a shoe 4.(a small
~ portion of . whiigivertie@wn), and an abutnent .5 projects into the passageway.
10 - Aradial extrusion die 6 is forned in a die holder 7 (which is

“preferably a separate coRPpohBft machdfigh shown dit Bausf ebra? WheRlelt K&he
the abutnent or the shoe% The shoe, -abutnent . and di e area ﬁre of h| h- 15.~
strength mat erFeT@%MHge aPE HBF-th FvspG'QPt SR PR dTE $1R BpdFt thefber s

t sh d cool ded._ Fi how a die 6 __.
Tount od coverRIThaT | 51 FOBRRR MRGRART “PRARIAA TP e 20  EORFNAPFER

Torifice B el Vafa §OUR EhBOLReRubA N Phakaduiidy s Ao BUAL kN
| wall is formed by en'assembly oomprzsing a shoe 4 (a small.
'bortion-of'which is shown), and an abntnent's projects
into the passageway. - -_
_i//7 10 A radiallextxnsion'die 6 is fornediinza die
N holdet;? (which is preferably a.separate'oomponent, though
it might be ineegral_with either the-abntment or the
.shoe) . o | |
‘The shoe, abutment and die area are of hlgh- .
15 strength materials and are held in pOSLtlon by heavy-duty _
_ support members.(not shown), and_coollng means 1;
provided. - |
Figufes zkend 3 show a die 6 mounted
.convenfionelly in a'§ielholder 7.and.providing'a
20 cylindrioel orifice"s reiieved b§ a couneerbofe 9 to
provide a clearance around the'extrﬁoea product. ._
| Figures 4 and 5 show a die unit, in'accordance
wiﬁh the invention,_comprising a die 10, a die holderlll‘"
and a sleeve'lﬁ_of miid steel (whioh isISoft conperea with
| 25 the die and die holder and does not strongly adhere to'
copper) surroundlng the dle over 1ts whole length.
| " The’ alternatlve die unit of Flgures 6 and 7
dlffers in ‘that the sleeve 12 is replaced by a hard metal _

-'rlng 13 (which posltlons the die) and a.clearance 14 in



Figures 4 and 5 ShOMla d|e unit, in accordance with the |nvent|on
conprising a die 10, a die holder 11 and a sleeve. 12 of mld stepl (whi ch -
is soft conpared with 25 the die and die hol der and'does pot strongly *
adhef&X o copper) surrounding the die over its whole length. The

‘alte & ive die unit of Flguress6_and 7 differs in that the sleeve 12 is

r epl by & hard metal ring 13 (which positions the ‘die) and a cl earasce
14 inwhich WhicepperC @IRive | WEVE Bel FobReliOnREE xdTuildriSi on comences.
This die unit is effectlve but is |ess satisfactory.than the die unit of.

Fi gur eemflenddst aTHierdid sumiti 5 effdetnge , Whar tifie 1mper discard is
pulted from5 the die unit when the nachine is taken to pieces after use.

Ve bebae!sfhh&br@urumgz esie L&i@numhydfos'ﬁ.guressmresm Daertieerdy t he
pressure of nmetal. at the die face, exists'in the steel or copper (as the _
case frayabeg)sk0ofudamags nfgierhetmqaecoppea pascaed drs grouedffeoanpl es, the
di e hol der had overal | dimensions 20 x 15 x 15 nm and the dies used had a
Ie&gthhefddenmn@w=whﬁnﬂtﬁémmﬁﬁhameeispaﬂkeuftph@ﬂaﬂes\ﬁﬁ¢élrno and a

di ameter of 7 mm 15 The first three dies were conventionally

~ nountB@8@-as Figures 2 and 3. The first had a bore whose maxi rum and

m ni mum di aneters were 2.500 and. 2.496 mm and '
_  We bel;eve that durlng extruSLQn a hydrostatlc : i

étress, governed by the pressure of motal qn_;he die face,
existé in the steel or copper (os the.caso may be) | | \\j

lb_ surrounding the dle. | N
| In a partlcular group of examples,_the die

holder nad overall dimensions 20 X 15 x 15 mm and the dies

used had a length of 4 mm (of which the:pnra11ei part of
the bore was 3 mm) and a diamener of 7 mm.

15 _ The first rhree dies were conyentionally
mounted, as Figures 2 nnd“3. The first had o_bore whose
makimum-and-minimum,diameters were 2.500 and_2.496 mm and

' produoed'wire of.consistently ovalicross-section with
maximum and minimum diameters of 2.481 and 2,460 mm

20 res?ectivoly (2 47 + 0. 6%)- the seoond had a-bore whose
maximum and minzmum diameters were 2,502 and 2. 497 mm and
produced wire of consxstently oval cross-sectlon with . _;_7
maximum and minimum dlameters of 2.488 and 2.455 mm_

_ respectlvely (2. 47 + 0 8%): the third had a bore whose .
25 maximum and mln;mum_dlameters_were 2.550 dnd 2;547 mm and
produced'wire.of consistently oval. cross-seotion with
maxlmum and minimum dlameters of 2 517 and 2 482 mm

respectlvely (2. 50 + 0. 8%). |

The fourth and fifth dies were mounted as shown T



produced wire of consistently oval -cross-section wth maxi mum and m ni num
di aneters of 2.481 and 2.460 nm 20 respectively (2.47 + 0.6%; the _ggcwnd
had a bore whose maxi-num and m ni num di angters were 2.502 and 2. 49 and
produced wi re of conS|stentIy oval cross-section wth maxi mum and m
di ameters of 2. 438 Fdrfirk«55 4nd respethgvel nild. $teel0.s1%evd e, 5 hivh Gehadka
bore: mbose 25 maxi mum and m ni num di aneters were 2.550 and 2.547 mm and
produced Wi re offheorepittHad camml aLimoss- pectiear Ly roundkibowe antkhi ai mum
~diameters of 2.517 and 2.482 mm'respectively (2.50 + 0.8% . The fourth and
fifth dies weredinmetet asf Sha80 mm.abd’ prolBugedewidearthat wedag a mld
steel sleeve 0.5 mmthick. The fourth had an al nost perfectly round bare
~with a di armet er subszaz8daihantbyndduith ai déamesernas Qui 4t &0 {02 b umm
with a diameter of '2.2245 + 0.0021 nm5 (better than + 0.1%. The fifth
had a bore wbt h (lpetitarmthan nt 0 il di afbeefifth Bad2e dates wiiltth rmazimum
Jproduced w re that was substantlally round wi-th a di.aneter of 3,0580 +
0..0028 nm (agai ANSemigimumdianeyeys gfie3siRPhaoide 3ndd Srumtand rediweedin:
Figures 6 10 and 7 using a preformed copper sleeve 0.5 mmthick and.2.5 mm
long, the hard ¥i&& @ﬂﬁiﬁﬂ?%ﬁﬁ%ﬁﬁ?%%bbﬁgfﬁgF?“Béi @tb @lﬁﬁqmﬁﬁfr ofe

sixth die had maxi num and - | mum
, 3.0580 + 0. 0028 mm (again better than + 0 1%)

| Tne sixth,die-was mounted as shown in Figures-s
10 and 7 using a preformed'copper sleeve 0.5 mn thick and 2.5
mm long, the hard steel sleeve 13 correspondingly being
1. 5 mm.’ long. The sixth die had maximum and minimum _
diameters of 2. 500 and 2.496 mm (substantially identical
'With the first die) and produced copper wire that was
15 substantially round w1th diameters in the range 2 480 to

' 2.476 mm (2.478 + 0.1%).



di

wth the first

aneters of 2. 5 ubstantially | dentical 'w
e) and produce ﬂﬂ] was ‘15 substantrally round mnth
' $0 %

. di _
di af rs in the range . 476 nm (2.478 + 0.1%- - . -7- CLAIMS 1
A (o m machi ne |ncorporat|ng a die unit conprising a dle and a die
hol\de n which the die is upported but i s surrounded over at least a .

subsgantial 5 5art of its length by a sleeve extending fromthe mnrkrng

surface bet

ared with the die and.t.he e hol de
ncor poratin §°dﬂfe°%."ta (!‘oirpp B!

die and the die holder and made of a net.al

sof t

Conf or m nachi ne

'sc%g,],f,-age Y SN SULPUNSEL OV o Loty sy e o

hol

Teeve ext endln fro

sur f ace

°°rpé)rda naﬁ‘rf 248 eurhg der in which the die
part of its
tween the die and

th%ax%'p%r*&%'dd% utang 'E%Hﬂ-&fndaeﬁ%wr _Sacbftlecéwﬂoaar &Lyd ddhddpy die and the die

er that.is different fromand wi Il not strongly-adhere to the 15 netal-

5t 0 pla@ teXler yded.1shgtn by a&l@dﬁ@réﬁﬂ'ﬁiﬁﬁld@ Bt | Mo Ag aim 2 i n which

the-sleeve is of mld steel.

at

its entry end. 5.

wheediad soft compared with the die and the die holder.

10

15

20

25

2. _ A Conform machine 1ncorporatlng a dle unit

comprising a die and a'die holder-in which the die is

supported but is surrounded over at least a substantial

part of its length by a sleeve extendlng from the working

surface between the die and the die holder and made of a

- metal soft compared with the die and the die holder that

3 - .1.'.
.I.G

metal to be extruded.

ferent rrom and will not strongly adhere to the

3. A Conform machine as claimed'in Claim 2 in which

the sleeve is of mild steel.

4, - A Confornm uachine as claimed in

Claims 1 to 3, wherein the sleeve extends

the die at 1its entry-end.

5. . A Conform machine as claimed in

any one of

to the end of

Claim 1, wherein

the sleeve is made of the material that is to be

-.extruded.

6. A Conform machine as claimed in

the sleeve stops short of the exit end of

sufficiently to provide positive location

pressure~-tight engagement between the,die

holder.

T. - A Conform machine substantially

Claiu 5, wherein

the die

.and -

and the die'

as hereinbefore

A Conf orm machi ne as clainmed in any
oNna uefr aCleaivies wk eln0 the Wiey ey tthfe ol fee v laddrerdtsd tnddieoergd of 20 the di e
A Conform machi ne as clainmed in Clarnrl :

i



~the sleeve is nmade of the material that is to be extruded. 6.
Conf orm machi'ne as clained in Caimb5, wherein 25 the sleeve st
ef the eX|t ‘end of, the die sufficiently to provide positive | ocgt
pressure-tight- engagenent ‘between the die and the die holder. 7.
Conform machi ne substantially as hereinbefore described and with _
refe&gnce to and as shown in Figures # and 5. 8. ~ A Conform machi ne
_substantlaII% as g%f% nb%for rFeS i bed aqs $ efegen e, fo.and as §hown

in Figures 6 5°8f gnd with v rﬁﬁﬁ?%f() CBht ot n BXT T Ust on' PGP ST FRgli shed
by using a di U%It as claimed in any one of Claims 1 to 8. 10. “An. :
el -ongat e body extruded by t he Conf orm machi ne clainmed in any one of d ains

1 8 or the n%thod C'a'ﬁp%dd}&H%‘HéEHFéL substantial‘y as hereinbefore

described and w1th reference to and as shown in rlgures 6

.- and T.
9. A method of Conform extrusion distinguished by

using a die unit as claimed in any one of Claims 1 to 8.

10. "An elongate body extruded by the Conform machine
: ‘claimed in any one of Claims 1+8 or the method claimed in
o/ _ - o . _ . _
: 10 Claim 9.
N
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